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Appendix A

Extraction of World Terrorism Data

(2002-2009)

A.1 Introduction

This Appendix provides the code used in ❘ generated in order to extract data from GTD

(Appendix A.2), GDELT (Appendix A.3), and RDWTI (Appendix A.4). In addition, the

code used to attribute latitude and longitude to cities with Google Earth™(Appendix A.5)

and the code used to aggregate the databases all together (Appendix A.6) are provided as

well.

A.2 Global Terrorism Database (GTD)

The main goal of this code is to extract, structure and merge GTD with other terrorism

databases. The original GTD data cover the world from 1970 to 2013 without 1993 (events

in 1993 are not geolocalised). The ’Entire GTD dataset’ has been downloaded from the

database provider (http://www.start.umd.edu/gtd/contact/). The extraction of data of GTD

is provided below:

#GOAL: I e x t r a c t GTD e v e n t s from 1970 t o 2013 wor ldwide and s e l e c t

a c c u r a t e e v e n t s .

#GTDsource i s t h e o r i g i n a l GTD f i l e and c o v e r s t h e wor ld from 1970 t o

2013 w i t h o u t 1993 ( e v e n t s i n 1993 a r e n o t g e o l o c a l i s e d ) .

# I n i t i a l i s a t i o n

http://www.start.umd.edu/gtd/contact/
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se twd ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R /

GTD" )

r e q u i r e ( " l a t t i c e " )

r e q u i r e ( " r g l " )

r e q u i r e ( " vcd " )

r e q u i r e ( " g g p l o t 2 " )

r e q u i r e ( " f o r e i g n " )

r e q u i r e ( " d p l y r " )

GTDor ig ina l<− r e a d . csv ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n /

StAndrews / PhD / PhD_R /GTD/ GTDsource . csv " ,

h e a d e r = TRUE, dec=" . " , na . s t r i n g s =c ( " " , "NA" , " . " , "−9" , "−99" , "−999" ) ) # na .

s t r i n g s t r a n s f o r m m i s s i n g v a l u e s i n t o "NA"

#GTD o r i g i n a l s o u r c e c o n t a i n s 125 ,087 e v e n t s

#we i d e n t i f y u s e f u l v a r i a b l e s

a<−which ( co lnames ( GTDor ig ina l ) ==" e v e n t i d " ) # sa ve t h e p o s i t i o n number o f

t h e v a r i a b l e t o be k e p t

b<−which ( co lnames ( GTDor ig ina l ) ==" i y e a r " ) # save t h e p o s i t i o n number o f

t h e v a r i a b l e t o be k e p t

c<−which ( co lnames ( GTDor ig ina l ) ==" imonth " ) # save t h e p o s i t i o n number o f

t h e v a r i a b l e t o be k e p t

d<−which ( co lnames ( GTDor ig ina l ) ==" i d a y " ) # save t h e p o s i t i o n number o f t h e

v a r i a b l e t o be k e p t

e<−which ( co lnames ( GTDor ig ina l ) ==" c o u n t r y _ t x t " ) # sa ve t h e p o s i t i o n number

o f t h e v a r i a b l e t o be k e p t

f<−which ( co lnames ( GTDor ig ina l ) ==" c i t y " ) # save t h e p o s i t i o n number o f t h e

v a r i a b l e t o be k e p t

g<−which ( co lnames ( GTDor ig ina l ) ==" l a t i t u d e " ) # sa ve t h e p o s i t i o n number o f

t h e v a r i a b l e t o be k e p t

h<−which ( co lnames ( GTDor ig ina l ) ==" l o n g i t u d e " ) # sa ve t h e p o s i t i o n number

o f t h e v a r i a b l e t o be k e p t

i<−which ( co lnames ( GTDor ig ina l ) ==" s u c c e s s " ) # sa ve t h e p o s i t i o n number o f

t h e v a r i a b l e t o be k e p t

j<−which ( co lnames ( GTDor ig ina l ) ==" s u i c i d e " ) # sa ve t h e p o s i t i o n number o f

t h e v a r i a b l e t o be k e p t

k<−which ( co lnames ( GTDor ig ina l ) ==" a t t a c k t y p e 1 " ) # sa ve t h e p o s i t i o n number

o f t h e v a r i a b l e t o be k e p t

l<−which ( co lnames ( GTDor ig ina l ) ==" a t t a c k t y p e 1 _ t x t " ) # sa ve t h e p o s i t i o n

number o f t h e v a r i a b l e t o be k e p t
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m<−which ( co lnames ( GTDor ig ina l ) ==" weaptype1 " ) # sa ve t h e p o s i t i o n number

o f t h e v a r i a b l e t o be k e p t

n<−which ( co lnames ( GTDor ig ina l ) ==" weaptype1 _ t x t " ) # sa ve t h e p o s i t i o n

number o f t h e v a r i a b l e t o be k e p t

o<−which ( co lnames ( GTDor ig ina l ) ==" n k i l l " ) # sa ve t h e p o s i t i o n number o f

t h e v a r i a b l e t o be k e p t

p<−which ( co lnames ( GTDor ig ina l ) ==" s p e c i f i c i t y " ) # sa ve t h e p o s i t i o n number

o f t h e v a r i a b l e t o be k e p t

q<−which ( co lnames ( GTDor ig ina l ) ==" gname " ) # save t h e p o s i t i o n number o f

t h e v a r i a b l e t o be k e p t

r<−which ( co lnames ( GTDor ig ina l ) ==" r e g i o n " ) # sa ve t h e p o s i t i o n number o f

t h e v a r i a b l e t o be k e p t

s<−which ( co lnames ( GTDor ig ina l ) ==" t a r g t y p e 1 " ) # sa ve t h e p o s i t i o n number

o f t h e v a r i a b l e t o be k e p t

t<−which ( co lnames ( GTDor ig ina l ) ==" t a r g t y p e 1 _ t x t " ) # sa ve t h e p o s i t i o n

number o f t h e v a r i a b l e t o be k e p t

u<−which ( co lnames ( GTDor ig ina l ) ==" v i c i n i t y " ) # sa ve t h e p o s i t i o n number o f

t h e v a r i a b l e t o be k e p t

#we keep u s e f u l v a r i a b l e s o f GTD

GTDor ig ina l<− GTDor ig ina l [ c ( a , b , c , d , e , f , g , h , i , j , k , l ,m, n , o , p , q , r , s , t , u ) ] #

keep t h e u s e f u l v a r i a b l e s

# renaming " c o u n t r y " v a r i a b l e

names ( GTDor ig ina l ) [ names ( GTDor ig ina l ) ==" c o u n t r y _ t x t " ] <− " c o u n t r y "

#summary ( GTDor ig ina l $ s p e c i f i c i t y ) # t o i n d i c a t e t h e number o f NA v a l u e s

#summary ( GTDor ig ina l $ v i c i n i t y )

# s e l e c t i n g e v e n t s which a r e g e o l o c a l i s e d a t a c i t y l e v e l ( s p e c i f i c i t y <

3 ) o r wi th no s p e c i f i c i t y : 65 ,245 e v e n t s

# f i r s t change NA t o 0 f o r s p e c i f i c i t y and v i c i n i t y t h a t i s n o t p r o v i d e d

(NA)

GTDor ig ina l $ s p e c i f i c i t y [ i s . na ( GTDor ig ina l $ s p e c i f i c i t y ) ] <− 0

GTDor ig ina l $ v i c i n i t y [ i s . na ( GTDor ig ina l $ v i c i n i t y ) ] <− 0

# keep s p e c i f i c t i y 1 and 2 which a r e e v e n t s g e o l o c a l i s e d a t a c i t y / town /

v i l l a g e l e v e l and s p e c i f i t y n o t c l e a r l y ment ioned ( 0 )

GTD <− s u b s e t ( GTDor ig ina l , s p e c i f i c i t y <3) # i n t o t a l 114 ,364 e v e n t s

# i f s p e c i f i t y i s n o t i n f o r m e d ( s p e c i f i c i t y =0) , keep on ly e v e n t s

o c c u r r e d i n t h e immedia te v i c i n i t y o f t h e c i t y ment ioned ( v i c i n i t y =1)

i n d <− wi th (GTD, ( s p e c i f i c i t y == 0 & v i c i n i t y ==0) ) # e v e n t s t o be d e l e t e d :

n o t s p e c i f i e d and n o t l o c a l i s e d t h e immedia te v i c i n i t y o f t h e c i t y

i n q u e s t i o n



198 Extraction of World Terrorism Data (2002-2009)

# i n d # view t h e l o g i c r e s u l t o f t h e i n d e x i n d

GTD <− GTD[ ! ind , ] # keep a l l e v e n t s e x c e p t t h o s which a r e n o t c l e a r l y

g e o l o c a l i s e d and n o t and t h e immedia te v i c i n i t y o f t h e c i t i y

ment ioned .

#we keep 70 ,823 e v e n t s

####OPTIONAL##############################################

# s e l e c t i n g on ly l e t h a l e v e n t s / s e l e c t e d y e a r s #

#GTD <− s u b s e t (GTD, n k i l l > 0 ) # a t l e a s t one f a t a l i t y #

GTD <− s u b s e t (GTD, i y e a r > 1983 & i y e a r <2014) # t ime p e r i o d #

# #########################################################

# check t y p e o f t a r g e t

summary (GTD$ t a r g t y p e 1 _ t x t )

# most h i t t e d t a r g e t s : p r i v a t e c i t i z e n s and p r o p e r t y , b u s i n e s s ,

government , p o l i c e , m i l i t a r y

summary (GTD$ l a t i t u d e ) # approx 5000 c i t i e s n o t g e o l o c a l i s e d

# change c l a s s o f l a t i t u d e

GTD$ l a t i t u d e <−as . numer ic ( l e v e l s (GTD$ l a t i t u d e ) ) [GTD$ l a t i t u d e ]

# O p t i o n a l s t e p : we d e l e t e e v e n t s ( 0 ) which were n o t g e o l o c a l i s e d

# ( u n p r e c i s e d g e o l o c a l i s a t i o n ( r e g i o n a l l e v e l , NA, Unknown , e t c ) − n o t

founded wi th Google e a r t h )

# t h e number o f e v e n t s does n o t change here , b e c a u s e a l l e v e n t s a r e

g e o l o c a l i s e d

r e q u i r e ( DataCombine )

GTD <− DropNA (GTD, Var=" c i t y " ) # from 57 ,511 e v e n t s t o 57 ,449 e v e n t s (62

e v e n t s which have no c i t y p r o v i d e d )

GTD <− DropNA (GTD, Var=" c o u n t r y " ) # from 57 ,449 e v e n t s t o 57 ,449 e v e n t s (0

e v e n t which have no c o u n t r y p r o v i d e d )

# Adding t h e m i s s i n g l a t i t u d e and l o n g i t u d e o f c i t i e s from G o o g E c i t i e s

i n t o GTD.

r e q u i r e ( DataCombine )

# i m p o r t i n g t h e . csv f i l e which c o n t a i n s c i t i e s g e o l o c a l i s e d wi th Google

e a r t h

G o o g E c i t i e s<− r e a d . csv ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n /

StAndrews / PhD / PhD_R / Goog leEa r th / GoogE_ c i t i e s . c sv " , h e a d e r = TRUE, dec=

" . " , na . s t r i n g s =c ( "NA" ) )

# F i l l I n f i l l s t h e v a l u e s ( v a r i a b l e s " l a t " t h e n " long " ) from GoogE_ c i t i e s

t o GTD i f " l a t i t u d e " ( t h e n " l o n g i t u d e " ) o f GTD c o n t a i n s m i s s i n g

v a l u e s (NA)
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GTD <− F i l l I n (GTD, G o o g E c i t i e s , Var1=" l a t i t u d e " , Var2=" l a t " , KeyVar=c ( "

c i t y " , " c o u n t r y " ) , a l l o w . c a r t e s i a n =T )

GTD <− F i l l I n (GTD, G o o g E c i t i e s , Var1=" l o n g i t u d e " , Var2=" long " , KeyVar=c ( "

c i t y " , " c o u n t r y " ) , a l l o w . c a r t e s i a n =T )

# 60 ,773 o b s e r v a t i o n s , so need t o d e l e t e d u p l i c a t e s t h a t have been

g e n e r a t e d by t h e F i l l i n ( w i th a l l o w . c a r t e s i a n =T ) p r o c e s s .

GTD<−GTD[ ! d u p l i c a t e d (GTD[ , 3 ] ) , ]

GTD <− DropNA (GTD, Var=" l a t i t u d e " ) # from 57 ,449 e v e n t s t o 57 ,100 e v e n t s

(349 e v e n t s which c a n n o t be i d e n t i f i e d wi th g oo g l e e a r t h :

# due t o m i s r e p o r t e d , m i s p e l l i n g i s s u e s , u n p r e c i s e l o c a t i o n s ( be tween

c i t y A and c i t y B) e t c )

# ##########OPTIONAL STEP ( no i n f l u e n c e on t h i s s t u d y ( on ly use y e a r ) ##

#we add t h e d a t e ( month and day ) t o m i s s i n g v a l u e s . #

#5 e v e n t s have month and day =0; 148 e v e n t s have day =0 on ly . #

#We add month=6 and day =15 i f t h e day and month a r e n o t p r o v i d e d . #

#An a l t e r n a t i v e way : remove o b s e r v a t i o n s n o t t e m p o r a l l y d e f i n e d . #

# r e p l a c e v a l u e s o f month below 1 or above 12 by 6 #

GTD$ imonth [GTD$ imonth >12 | GTD$ imonth < 1]<−6 #

# r e p l a c e NA v a l u e s by 6 #

GTD$ imonth [ i s . na (GTD$ imonth ) ]<−6 #

# r e p l a c e v a l u e s o f day below 1 or above 31 by 15 #

GTD$ i d a y [GTD$ iday >31 | GTD$ iday < 1]<−15 #

GTD$ i d a y [ i s . na (GTD$ i d a y ) ]<−6 # r e p l a c e NA v a l u e s by 6 #

# #####################################################################

# C r e a t i n g a POSIXIt t ime v a r i a b l e

#we c o n c a t e n a t e year , month and day v a r i a b l e s i n g t d i n one POSIXIt

v a r i a b l e d a t e

d a t e<−as . Date ( ISOdate (GTD$ i y e a r ,GTD$ imonth , GTD$ i d a y ) )

GTD$ Date<−d a t e # t o p u t t h e new d a t e v e c t o r i n t h e d a t a f r a m e

Rdate<− s t r p t i m e (GTD$ Date , f o r m a t ="%Y−%m−%d " ) # i t c r e a t e a new v a r i a b l e

i n a POSIXIt fo rmat , u s e f u l f o r f u r t h e r a n a l y s i s i n R .

GTD$ Rdate<−Rdate # t o p u t t h e new d a t e v e c t o r i n t h e d a t a f r a m e

#Some v a r i a b l e s were n o t c l a s s i f i e d i n t h e r i g h t measure l e v e l .

GTD$ e v e n t i d<−as . f a c t o r (GTD$ e v e n t i d )

GTD$ s u i c i d e<−as . l o g i c a l (GTD$ s u i c i d e )

GTD$ s u c c e s s<−as . l o g i c a l (GTD$ s u c c e s s )

GTD$ s p e c i f i c i t y <−as . f a c t o r (GTD$ s p e c i f i c i t y )

# d e l e t e u n u s e f u l o b j e c t s

rm ( Rdate ) ; rm ( GTDor ig ina l ) ; rm ( G o o g E c i t i e s ) ; rm ( a ) ; rm ( b ) ; rm ( c ) ; rm ( d ) ; rm (

d a t e ) ; rm ( e ) ; rm ( f ) ; rm ( g ) ; rm ( h ) ; rm ( i ) ;
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rm ( j ) ; rm ( k ) ; rm ( l ) ; rm (m) ; rm ( n ) ; rm ( o ) ; rm ( p ) ; rm ( q ) ; rm ( r ) ; rm ( s ) ; rm ( t )

# t o d e l e t e p o s s i b l e d u p l i c a t e s i n GTD

GTD<−un iq ue (GTD) # i n our case , t h i s s h o u l d n o t change GTD b e c a u s e we d i d

n o t o b s e r v e i d e n t i c a l rows i n GTD.

# # c o u n t i n g t h e number o f e v e n t s p e r t e r r o r i s t group and p e r c o u n t r y

# Tgroup<−as . d a t a . f rame ( t a b l e (GTD$gname , GTD$ c o u n t r y ) )

# Tgroup <− Tgroup [ o r d e r (−Tgroup $ Freq ) , ]

# w r i t e . t a b l e ( Tgroup , " TgroupWorld . csv " , sep = " , " , row . names=FALSE)

#

# # c o u n t i n g t h e number o f f a t a l i t i e s p e r t e r r o r i s t group and p e r c o u n t r y

# T f a t<−GTD

# T f a t <−a g g r e g a t e ( T f a t $ n k i l l , by= l i s t ( T f a t $gname , T f a t $ c o u n t r y ) ,FUN=sum ,

na . rm=TRUE)

# T f a t <− T f a t [ o r d e r (−T f a t $x ) , ]

# w r i t e . t a b l e ( Tfa t , " T f a t w o r l d . c sv " , sep = " , " , row . names=FALSE)

# d r o p p i n g no more u s e f u l l e v e l s ( ve ry u s e f u l t o do t h i s f o r p l o t s

e s s e n t i a l l y )

GTD <− d r o p l e v e l s (GTD)

# e x p o r t t h e d a t a f r a m e GTD i n a r e a d a b l e f i l e , GTD. csv .

w r i t e . t a b l e (GTD, " GTDworld . csv " , sep =" , " , row . names=FALSE)

#END######################################################

A.3 Global Database of Events, Language, and Tone (GDELT)

The main goal of this code is to extract, structure and merge GDELT with other terrorism

databases. In order to download GDELT, there is a package in ❘ called “GetGDELT”, which

provides tools to extract data from GDELT. The time period has been selected from 2002

to 2014. Note that there is no data before 1979. Data have been extracted from GDELT

year by year and with a server machine (OS: Linux; RAM: 64 Gb, cores: 16) because ❘

could become unstable if one tries to extract data for the whole period at once and would

require high level of RAM. Then, the yearly data frames are joined into one data frame,

which includes data from 1979 to 2011.

The events in GDELT are classified according to CAMEO coding (more detail see:

http://eventdata.psu.edu/cameo.dir/CAMEO.CDB.09b5.pdf). First, events in which terrorist

attacks could be included have been selected. These are events within categories starting

with 18, 19, or 20. In order to include only events perpetrated by terrorists, actors classified

http://eventdata.psu.edu/cameo.dir/CAMEO.CDB.09b5.pdf


A.3 Global Database of Events, Language, and Tone (GDELT) 201

as ‘terrorists’ have been selected. The date variable has been converted into a P❖❙■❳■t

format, which is used for time series analysis. The extraction code is provided below:

#GOAL: I w i l l r e a d and e x p l o r e t h e GDELT d a t a . GDELT p r o v i d e s r e a l −t ime

d a t a ( n o t on ly t e r r o r i s m d a t a ) from J a n u a r y 1 , 1979 .

# An a d d i t i o n a l o b j e c t i v e i s t o s t r u c t u r e GDELT d a t a b a s e i n o r d e r t o

merge i t w i th o t h e r t e r r o r i s m d a t a b a s e .

# I n i t i a l i s a t i o n

se twd ( " / home / a n d r e / R /GDELT" ) # f l i p p e r ( s e r v e r ) home f i l e

r e q u i r e ( " vcd " )

r e q u i r e ( " f o r e i g n " )

r e q u i r e ( " p l y r " )

r e q u i r e ( " GDELTtools " )

r e q u i r e ( " TimeWarp " )

r e q u i r e ( " f f " )

# E x t r a c t GDELT d a t a y e a r by y e a r ( f o r memory i s s u e s ) . The t ime p r o c e s s i s

approx . 6 . 5 h .

# ######################################################################

g d e l t . 0 2 <− GetGDELT ( s t a r t . d a t e =" 2002−01−01 " , end . d a t e =" 2002−12−31 " ,

l o c a l . f o l d e r = "C : / Use r s / apy thon / Documents / Andre /

E d u c a t i o n / StAndrews / PhD / PhD_R /GDELT" ,

max . l o c a l . mb = 20000 ,

a l l o w . w i l d c a r d s =T ,

f i l t e r = l i s t ( QuadClass =4 ,

EventCode=c ( " 18* " , " 19* " , " 20* " ) ,

Actor1Geo _Type =4 ,

Actor1Name="TERRORIST" ) )

# ######################################################################

g d e l t . 0 3 <− GetGDELT ( s t a r t . d a t e =" 2003−01−01 " , end . d a t e =" 2003−12−31 " ,

l o c a l . f o l d e r = "C : / Use r s / apy thon / Documents / Andre /

E d u c a t i o n / StAndrews / PhD / PhD_R /GDELT" ,

max . l o c a l . mb = 20000 ,

a l l o w . w i l d c a r d s =T ,

f i l t e r = l i s t ( QuadClass =4 ,

EventCode=c ( " 18* " , " 19* " , " 20* " ) ,

Actor1Geo _Type =4 ,

Actor1Name="TERRORIST" ) )

# ######################################################################

g d e l t . 0 4 <− GetGDELT ( s t a r t . d a t e =" 2004−01−01 " , end . d a t e =" 2004−12−31 " ,

l o c a l . f o l d e r = "C : / Use r s / apy thon / Documents / Andre /

E d u c a t i o n / StAndrews / PhD / PhD_R /GDELT" ,
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max . l o c a l . mb = 20000 ,

a l l o w . w i l d c a r d s =T ,

f i l t e r = l i s t ( QuadClass =4 ,

EventCode=c ( " 18* " , " 19* " , " 20* " ) ,

Actor1Geo _Type =4 ,

Actor1Name="TERRORIST" ) )

# ######################################################################

g d e l t . 0 5 <− GetGDELT ( s t a r t . d a t e =" 2005−01−01 " , end . d a t e =" 2005−12−31 " ,

l o c a l . f o l d e r = "C : / Use r s / apy thon / Documents / Andre /

E d u c a t i o n / StAndrews / PhD / PhD_R /GDELT" ,

max . l o c a l . mb = 20000 ,

a l l o w . w i l d c a r d s =T ,

f i l t e r = l i s t ( QuadClass =4 ,

EventCode=c ( " 18* " , " 19* " , " 20* " ) ,

Actor1Geo _Type =4 ,

Actor1Name="TERRORIST" ) )

# ######################################################################

g d e l t . 0 6 <− GetGDELT ( s t a r t . d a t e =" 2006−01−01 " , end . d a t e =" 2006−12−31 " ,

l o c a l . f o l d e r = "C : / Use r s / apy thon / Documents / Andre /

E d u c a t i o n / StAndrews / PhD / PhD_R /GDELT" ,

max . l o c a l . mb = 20000 ,

a l l o w . w i l d c a r d s =T ,

f i l t e r = l i s t ( QuadClass =4 ,

EventCode=c ( " 18* " , " 19* " , " 20* " ) ,

Actor1Geo _Type =4 ,

Actor1Name="TERRORIST" ) )

# ######################################################################

g d e l t . 0 7 <− GetGDELT ( s t a r t . d a t e =" 2007−01−01 " , end . d a t e =" 2007−12−31 " ,

l o c a l . f o l d e r = "C : / Use r s / apy thon / Documents / Andre /

E d u c a t i o n / StAndrews / PhD / PhD_R /GDELT" ,

max . l o c a l . mb = 20000 ,

a l l o w . w i l d c a r d s =T ,

f i l t e r = l i s t ( QuadClass =4 ,

EventCode=c ( " 18* " , " 19* " , " 20* " ) ,

Actor1Geo _Type =4 ,

Actor1Name="TERRORIST" ) )

# ######################################################################

g d e l t . 0 8 <− GetGDELT ( s t a r t . d a t e =" 2008−01−01 " , end . d a t e =" 2008−12−31 " ,

l o c a l . f o l d e r = "C : / Use r s / apy thon / Documents / Andre /

E d u c a t i o n / StAndrews / PhD / PhD_R /GDELT" ,
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max . l o c a l . mb = 20000 ,

a l l o w . w i l d c a r d s =T ,

f i l t e r = l i s t ( QuadClass =4 ,

EventCode=c ( " 18* " , " 19* " , " 20* " ) ,

Actor1Geo _Type =4 ,

Actor1Name="TERRORIST" ) )

# ######################################################################

g d e l t . 0 9 <− GetGDELT ( s t a r t . d a t e =" 2009−01−01 " , end . d a t e =" 2009−12−31 " ,

l o c a l . f o l d e r = "C : / Use r s / apy thon / Documents / Andre /

E d u c a t i o n / StAndrews / PhD / PhD_R /GDELT" ,

max . l o c a l . mb = 20000 ,

a l l o w . w i l d c a r d s =T ,

f i l t e r = l i s t ( QuadClass =4 ,

EventCode=c ( " 18* " , " 19* " , " 20* " ) ,

Actor1Geo _Type =4 ,

Actor1Name="TERRORIST" ) )

# ######################################################################

g d e l t . 1 0 <− GetGDELT ( s t a r t . d a t e =" 2010−01−01 " , end . d a t e =" 2010−12−31 " ,

l o c a l . f o l d e r = "C : / Use r s / apy thon / Documents / Andre /

E d u c a t i o n / StAndrews / PhD / PhD_R /GDELT" ,

max . l o c a l . mb = 20000 ,

a l l o w . w i l d c a r d s =T ,

f i l t e r = l i s t ( QuadClass =4 ,

EventCode=c ( " 18* " , " 19* " , " 20* " ) ,

Actor1Geo _Type =4 ,

Actor1Name="TERRORIST" ) )

# ######################################################################

g d e l t . 1 1 <− GetGDELT ( s t a r t . d a t e =" 2011−01−01 " , end . d a t e =" 2011−12−31 " ,

l o c a l . f o l d e r = "C : / Use r s / apy thon / Documents / Andre /

E d u c a t i o n / StAndrews / PhD / PhD_R /GDELT" ,

max . l o c a l . mb = 20000 ,

a l l o w . w i l d c a r d s =T ,

f i l t e r = l i s t ( QuadClass =4 ,

EventCode=c ( " 18* " , " 19* " , " 20* " ) ,

Actor1Geo _Type =4 ,

Actor1Name="TERRORIST" ) )

# ######################################################################

g d e l t . 1 2 <− GetGDELT ( s t a r t . d a t e =" 2012−01−01 " , end . d a t e =" 2012−12−31 " ,

l o c a l . f o l d e r = "C : / Use r s / apy thon / Documents / Andre /

E d u c a t i o n / StAndrews / PhD / PhD_R /GDELT" ,
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max . l o c a l . mb = 20000 ,

a l l o w . w i l d c a r d s =T ,

f i l t e r = l i s t ( QuadClass =4 ,

EventCode=c ( " 18* " , " 19* " , " 20* " ) ,

Actor1Geo _Type =4 ,

Actor1Name="TERRORIST" ) )

# ######################################################################

g d e l t . 1 3 <− GetGDELT ( s t a r t . d a t e =" 2013−01−01 " , end . d a t e =" 2013−12−31 " ,

l o c a l . f o l d e r = "C : / Use r s / apy thon / Documents / Andre /

E d u c a t i o n / StAndrews / PhD / PhD_R /GDELT" ,

max . l o c a l . mb = 20000 ,

a l l o w . w i l d c a r d s =T ,

f i l t e r = l i s t ( QuadClass =4 ,

EventCode=c ( " 18* " , " 19* " , " 20* " ) ,

Actor1Geo _Type =4 ,

Actor1Name="TERRORIST" ) )

# ######################################################################

#Append g d e l t . yy wi th r b i n d f u n c t i o n

# i f g d e l t . 1 and g d e l t . 2 have n o t t h e same # of v a r i a b l e s , use " s m a r t b i n d "

f u n c t i o n from g t o o l s package

g d e l t<− r b i n d ( g d e l t . 0 2 , g d e l t . 0 3 , g d e l t . 0 4 , g d e l t . 0 5 , g d e l t . 0 6 , g d e l t . 0 7 , g d e l t

. 0 8 , g d e l t . 0 9 , g d e l t . 1 0 , g d e l t . 1 1 , g d e l t . 1 1 , g d e l t . 1 3 )

# ######################################################################

#Add Date i n POSIXIt f o r m a t f o r g d e l t

Date<−d a t e P a r s e ( g d e l t $SQLDATE, f o r m a t =NULL, s t o p . on . e r r o r = F , q u i c k . t r y

= F ,

d r o s s . remove = FALSE , na . s t r i n g s = c ( "NA" , " " ) , ymd8 = T

)

Date<− s t r p t i m e ( Date , f o r m a t ="%Y−%m−%d " ) # i t c r e a t e s a new v a r i a b l e

c o n s i d e r e d as a t ime v a r i a b l e i n R .

# c l a s s ( Date1 ) # t o s e e t h e c l a s s o f t h e new v e c t o r , s h o u l d be POSIXIt

#Add t h e new d a t e ( DateR ) c o n s i d e r e d as a v e c t o r , i n t o g d e l t d a t a f r a m e

g d e l t $DateR <− Date

# Clean g d e l t o f p o s s i b l e d u p l i c a t e s

g d e l t<−un iq ue ( g d e l t , by="GLOBALEVENTID" ) # c l e a n g d e l t o f p o s s i b l e

d u p l i c a t e s

# #######################################################################

# D e l e t e i n t e r m e d i a t e d a t a ( n o t u s e f u l anymore )

rm ( Date ) ; rm ( g d e l t . 0 0 ) ; rm ( g d e l t . 0 1 ) ; rm ( g d e l t . 0 2 ) ; rm ( g d e l t . 0 3 ) ; rm ( g d e l t

. 0 4 ) ;
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rm ( g d e l t . 0 5 ) ; rm ( g d e l t . 0 6 ) ; rm ( g d e l t . 0 7 ) ; rm ( g d e l t . 0 8 ) ; rm ( g d e l t . 0 9 ) ; rm (

g d e l t . 1 0 ) ;

rm ( g d e l t . 1 1 ) ; rm ( g d e l t . 1 2 ) ; rm ( g d e l t . 1 3 ) ; rm ( g d e l t . 1 4 ) ; rm ( g d e l t . 1 5 ) ;

rm ( g d e l t . 7 9 ) ; rm ( g d e l t . 8 0 ) ; rm ( g d e l t . 8 1 ) ; rm ( g d e l t . 8 2 ) ; rm ( g d e l t . 8 3 ) ; rm (

g d e l t . 8 4 ) ;

rm ( g d e l t . 8 5 ) ; rm ( g d e l t . 8 6 ) ; rm ( g d e l t . 8 7 ) ; rm ( g d e l t . 8 8 ) ; rm ( g d e l t . 8 9 ) ; rm (

g d e l t . 9 0 ) ;

rm ( g d e l t . 9 1 ) ; rm ( g d e l t . 9 2 ) ; rm ( g d e l t . 9 3 ) ; rm ( g d e l t . 9 4 ) ; rm ( g d e l t . 9 5 ) ; rm (

g d e l t . 9 6 ) ;

rm ( g d e l t . 9 7 ) ; rm ( g d e l t . 9 8 ) ; rm ( g d e l t . 9 9 ) ; rm ( s t a r t )

# OPTIONAL STEP AFTER IMPORTING GDELT#####################

#NORMALIZE THE NUMBER OF EVENTS FOR TEMPORAL COMPARISONS) #

# # n o r m a l i s i n g GDELT ( t o be checked how t o do i t ) #

# # g d e l t . normed <− NormEventCounts ( g d e l t . s u b s e t , #

# # u n i t . a n a l y s i s =" c o u n t r y . month " , #

# # v a r . name=" p r o t e s t " ) #

# #########################################################

# E xp or t t h e d a t a f r a m e i n a r e a d a b l e f i l e

g d e l t w o r l d<−g d e l t

w r i t e . t a b l e ( g d e l t w o r l d , " g d e l t w o r l d . csv " , sep =" , " , row . names=FALSE)

save . image ( " / home / a n d r e / R /GDELT/ g d e l t . RData " )

#END#########################################

A.4 RAND Database of Worldwide Terrorism Incidents (RDWTI)

The goal is to extract, structure and merge the RAND Database of Worldwide Terrorism

Incidents (RDWTI) with other data on terrorism. RDWTI data have been downloaded Dec

17th 2013 from http://smapp.rand.org/rwtid/search_form.php. RDWTI data are available

until 2009 only. The format of the date has been changed (“UK date”: dd/mm/yyyy) in

order to facilitate its import in ❘.

The source file has been imported in ❘. Only events which were provided a city name

are kept. If no city were provided, the observation was removed. The latitude and longitude

of cities without coordinate have been completed with Google Earth™(Section A.5). Some

cities which could not be geolocalised with Google Earth™(unprecised geolocalisation)

have been excluded. The extraction code for RDWTI is provided below:

#The Goal i s t o i m p o r t RDWTI and t o add t h e g e o l o c a l i s i o n ( l a t i t u d e ,

l o n g i t u d e ) o f t h e e v e n t s o f RDWTI u s i n g Google e a r t h

http://smapp.rand.org/rwtid/search_form.php
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# and t o s e t up a s t r u c t u r e d d a t a f r a m e which w i l l be merged wi th o t h e r

t e r r o r i s m d a t a b a s e s .

#The o r i g i n a l s o u r c e i s RANDtotal . c sv ; we keep on ly t h e e v e n t s

a t t r i b u t e d a t a c i t y l e v e l .

# i n i t i a l i s a t i o n

se twd ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R /

RDWTI" )

r e q u i r e ( " l a t t i c e " )

r e q u i r e ( " r g l " )

r e q u i r e ( " vcd " )

r e q u i r e ( " g g p l o t 2 " )

r e q u i r e ( " f o r e i g n " )

r e q u i r e ( " DataCombine " )

r e q u i r e ( " ggmap " )

r e q u i r e ( " d e v t o o l s " )

r e q u i r e ( " d a t a . t a b l e " )

# Reading t h e o r i g i n a l f i l e saved i n . csv which i n c l u d e s 40 ,129 e v e n t s

RDWTItotal<− r e a d . csv ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n /

StAndrews / PhD / PhD_R /RDWTI/ RANDtotal . c sv " , h e a d e r = TRUE, dec=" . " , na .

s t r i n g s =c ( " " , "NA" ) )

# D e l e t i n g some u n u s e f u l v a r i a b l e s , which can c r e a t e problem i n t h e

i m p o r t b e c a u s e o f s p e c i a l s t r i n g c h a r a c t e r

j<−which ( co lnames ( RDWTItotal ) ==" D e s c r i p t i o n " ) # sa ve t h e p o s i t i o n number

o f t h e v a r i a b l e t o be d e l e t e d

i<−which ( co lnames ( RDWTItotal ) ==" P e r p e t r a t o r " ) # sa ve t h e p o s i t i o n number

o f t h e v a r i a b l e t o be d e l e t e d

RDWTItotal<− RDWTItotal [ c(− j ) ] # d e l e t e t h e u n u s e f u l v a r i a b l e s "

D e s c r i p t i o n " . F i n a l l y keep " P e r p e t r a t o r " , c a u s e u s e f u l

# Changing one c o u n t r y name ( Germany ) i n o r d e r t o o p t i m i z e t h e merging

s t e p wi th Google E a r t h c i t y l o c a l i s a t i o n

RDWTItotal $ Count ry [ RDWTItotal $ Count ry == " F e d e r a l R e p u b l i c o f Germany " ]

<−" Germany "

# Keeping on ly e v e n t s , which a r e l o c a l i s e d a t a c i t y l e v e l , so i f no c i t y

i s p r ov ided , t h e o b s e r v a t i o n ( e n t i r e row ) i s d e l e t e d .

RDWTInet<− s u b s e t ( RDWTItotal , ! i s . na ( RDWTItotal $ C i t y ) )

# We keep t h e r e f o r e 35 ,155 l o c a l i s e d e v e n t s

# Renaming t h e v a r i a b l e " C i t y " as " c i t y " ( u s e f u l f o r t h e merging s t e p )

r e q u i r e ( r e s h a p e )

RDWTInet<−rename ( RDWTInet , c ( C i t y =" c i t y " ) )

RDWTInet<−rename ( RDWTInet , c ( Count ry =" c o u n t r y " ) )
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# Adding t h e m i s s i n g l a t i t u d e and l o n g i t u d e o f c i t i e s from G o o g E c i t i e s (

l a t , l ong o f c i t i e s p r o v i d e d by Google E a r t h ) i n t o RDWTIGTD.

#we r e a d t h e c i t i e s g e o l o c a l i s e d wi th Google E a r t h ( c i t y , l a t , l o n )

GoogEarth<− r e a d . csv ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n /

StAndrews / PhD / PhD_R / Goog leEa r th / GoogE_ c i t i e s . c sv " , h e a d e r = TRUE, dec=

" . " , na . s t r i n g s =" " )

GoogEarth<−GoogEarth [ , −5] # d e l e t e t h e l a s t v a r i a b l e comment ( n o t used )

# Merging by c i t y ( t o add t h e g e o l o c a l i s a t i o n v a r i a b l e s l a t i t u d e and

l o n g i t u d e o f Google E a r t h l o c a l i s a t i o n i n t o RDWTI)

RDWTInet <− merge ( RDWTInet , GoogEarth , by=c ( " c i t y " , " c o u n t r y " ) , a l l . x=T ) #

t h e v a r i a b l e " c i t y " and c o u n t r y i n RDWTI and GoogEarth s h o u l d be

i d e n t i c a l l y w r i t t e n .

# D e l e t i n g non RDWTI e v e n t s and non−g e o l o c a l i s e d e v e n t s

RDWTInet <− DropNA ( RDWTInet , Var=" c i t y " ) # : DropNA d r o p s rows from a d a t a

f rame i n which m i s s i n g (NA) v a l u e s a r e p r e s e n t i n t h e v a r i a b l e " c i t y

" ( o f RDWTI e v e n t s )

RDWTInet <− DropNA ( RDWTInet , Var=" l a t " ) # : DropNA d r o p s rows from a d a t a

f rame i n which m i s s i n g (NA) v a l u e s a r e p r e s e n t i n t h e v a r i a b l e " l a t "

( o f RDWTI e v e n t s )

# from t h e 35 ,297 e v e n t s have been l o c a l i s e d by Google E a r t h . Some

l o c a t i o n s have n o t been found .

# Renaming u s e f u l v a r i a b l e s

RDWTInet<−rename ( RDWTInet , c ( l a t =" l a t i t u d e " ) )

RDWTInet<−rename ( RDWTInet , c ( l ong =" l o n g i t u d e " ) )

RDWTInet<−rename ( RDWTInet , c ( c o u n t r y . x=" c o u n t r y " ) )

RDWTI<−RDWTInet

# Changing t h e d a t e i n t o a POSIXIt f o r m a t

RDWTIdate<− s t r p t i m e (RDWTI$ Date , f o r m a t ="%d /%m/%Y" ) # i t c r e a t e s a new

v a r i a b l e c o n s i d e r e d as a t ime v a r i a b l e i n R .

a s . Date ( RDWTIdate ) # p u t i n t h e same f o r m a t t h a n t h e o t h e r d a t a b a s e s "%Y

−%m−%d "

# Adding t h e new d a t e ( RDWTIdate ) c o n s i d e r e d as a v e c t o r , i n t o RDWTI

d a t a f r a m e

RDWTI$RDWTIdate <− RDWTIdate

# e x t r a c t i n g t h e y e a r v a r i a b l e

y e a r<− f a c t o r ( f o r m a t (RDWTI$RDWTIdate , ’%Y’ ) )

# Adding t h e " y e a r " v a r i a b l e i n t o RDWTI d a t a f r a m e

RDWTI$ y e a r <− y e a r

# D e l e t i n g t h e i n t e r m e d i a t e and no more u s e f u l d a t a
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rm ( GoogEarth ) ; rm ( RDWTItotal ) ; rm ( RDWTInet ) ; rm ( RDWTIdate ) ; rm ( i ) ; rm ( j ) ; rm (

y e a r )

# E x p o r t i n g t h e f i n a l r e s u l t a s a t a b l e

w r i t e . t a b l e (RDWTI, " RDWTIworld . csv " , sep =" , " , row . names=FALSE)

#END##########################################################

In ❘, missing latitude and longitude of cities have been obtained with Google Earth API

extraction™. The code is provided below:

A.5 Google Earth™ API extraction of missing coordinates

# i n i t i a l i s a t i o n

se twd ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R /

Goog leEa r th " )

r e q u i r e ( " l a t t i c e " )

r e q u i r e ( " r g l " )

r e q u i r e ( " vcd " )

r e q u i r e ( " g g p l o t 2 " )

r e q u i r e ( " f o r e i g n " )

r e q u i r e ( " DataCombine " )

r e q u i r e ( " ggmap " )

r e q u i r e ( " d e v t o o l s " )

r e q u i r e ( " d a t a . t a b l e " )

# e s p e c i a l l y needed f o r Google API

r e q u i r e ( RCurl )

r e q u i r e ( RJSONIO )

# Code from Tony B r e y a l on : h t t p : / / s t a c k o v e r f l o w . com / q u e s t i o n s / 3257441 /

geocoding−in−r−with−google−maps Used t o e x t r a c t l a t i t u d e , l o n g i t u d e

o f a c i t y

c o n s t r u c t . geocode . u r l <− f u n c t i o n ( a d d r e s s , r e t u r n . c a l l = " j s o n " , s e n s o r

= " f a l s e " ) {

r o o t <− " h t t p : / / maps . goo g l e . com / maps / a p i / geocode / "

u <− p a s t e ( r o o t , r e t u r n . c a l l , " ? a d d r e s s =" , a d d r e s s , "&s e n s o r =" , s e n s o r

, sep = " " )

r e t u r n ( URLencode ( u ) )

}

gGeoCode <− f u n c t i o n ( a d d r e s s , v e r b o s e =FALSE) {

i f ( v e r b o s e ) c a t ( a d d r e s s , " \ n " )

u <− c o n s t r u c t . geocode . u r l ( a d d r e s s )

doc <− getURL ( u )
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x <− fromJSON ( doc , s i m p l i f y = FALSE)

i f ( x$ s t a t u s =="OK" ) {

l a t <− x$ r e s u l t s [ [ 1 ] ] $ geomet ry $ l o c a t i o n $ l a t

l n g <− x$ r e s u l t s [ [ 1 ] ] $ geomet ry $ l o c a t i o n $ l n g

r e t u r n ( c ( l a t , l n g ) )

} e l s e {

r e t u r n ( c (NA,NA) )

}

}

#new l i n e s added t o r e a d one f i l e o f m u l t i p l e l o c a t i o n s i n s t e a d o f one

l o c a t i o n

# a . csv f i l e s h o u l d be c r e a t e d and named " a d d r e s s e s . c sv " wi th two

columns , h e a d e r s a r e ’ a d d r e s s i d ’ and ’ a d d r e s s ’ .

a d d r e s s e s <− r e a d . csv ( " a d d r e s s e s . c sv " , h e a d e r =T )

n e w a d d r e s s e s <− a d d r e s s e s

f o r ( i i n 1 : nrow ( a d d r e s s e s ) ) {

row <− a d d r e s s e s [ i , ]

row . t o . u p d a t e <− which ( a d d r e s s e s $ a d d r e s s i d ==row [ 1 , 1 ] )

x <− gGeoCode ( row [ 1 , 2 ] )

n e w a d d r e s s e s [ row . t o . upda te , 3 ] = p a s t e ( c ( x ) , c o l l a p s e = " " )

}

# e x p o r t t h e . c sv wi th a new column ( l a t l o n )

w r i t e . c sv ( newaddres se s , f i l e = " geocodes . csv " )

# end ##########################################

A.6 Merging GTD, GDELT, and RDWTI

The goal is to merge GTD, GDELT, and RDWTI together. This will allow us to compare

them and plot events from different terrorist databases together based on common variables:

latitude, longitude, number of death(s), and time variables.

The code “ALL_data.R” use the objects created in the previous operations run to extract

GTD, GDELT, and GTD. These are saved in the workspace “All_Data.RData”. It contains

all databases into one dataframe. In this process — mainly a cosmetic one — the variables

are renamed in order to be identical. With regard to RDWTI, a new variable ’year’ has

been created from a time variable in a P❖❙■❳✐t format. Only the main variables from the

dataframes are extracted, while unused variables are deleted. With regard to GDELT, which

does not contain the number of death (in contrast to the other dataframes), an empty vector

has been created. This latter operation is required to merge the dataframes together.
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Finally, the dataframes are merged into one dataframe exported into a .csv file: “ALL.csv”.

The code is provided below:

# Goal : t o p u t i n form a l l t e r r o r i s t d a t a b a s e s (DTV,GTD, RDWTI, GDELT) i n

o r d e r t o be a b l e t o compare and t o p l o t them .

# There a r e d i f f e r e n t names f o r v a r i a b l e s l a t / l ong / # d e a t h / y e a r / POSIXIt

d a t e i n t h e d a t a b a s e s :

#DTV: l a t i t u d e , l o n g i t u d e , d e a t h t o l l , year , DTVdate

#GTD: l a t i t u d e , l o n g i t u d e , n k i l l , i y e a r , Rdate

#RDWTI: l a t i t u d e , l o n g i t u d e , F a t a l i t i e s , ( ! no y e a r ! ) , RDWTIdate

#GDELT: ActionGeo _ Lat , Act ionGeo _Long , ( ! no# k i l l ! ) , Year , DateR .

#The number o f d e a t h s i s n o t p r e s e n t i n GDELT, however a n o t h e r f i l e GKG

c o u l d p r o v i d e them ( t o be lo ok e d a t )

#DTV,GTD, RDWTI c o u l d be compared r e g a r d i n g 4 v a r i a b l e s : l a t i t u d e ,

l o n g i t u d e , t ime , and # d e a t h

#DTV,GTD, RDWTI and GDELT c o u l d be compared r e g a r d i n g 3 v a r i a b l e s :

l a t i t u d e , l o n g i t u d e and t ime .

# i n i t i a l i s a t i o n

se twd ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R /

ALL" )

# Reading d a t a f r a m e from t h e g l o b a l e n v i r o n m e n t ( i f saved ) o r r e a d i n g t h e

. csv o u t p u t o f each i n d i v i d u a l p r o c e s s

GTD<− r e a d . csv ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD

/ PhD_R /GTD/ GTDworld . csv " , h e a d e r = TRUE, dec=" . " , na . s t r i n g s =c ( " " , "NA"

) )

RDWTI<− r e a d . csv ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews /

PhD / PhD_R /RDWTI/ RDWTIworld . csv " , h e a d e r = TRUE, dec=" . " , na . s t r i n g s =c (

" " , "NA" ) )

g d e l t<− r e a d . csv ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews /

PhD / PhD_R /GDELT/ g d e l t w o r l d . c sv " , h e a d e r = TRUE, dec=" . " , na . s t r i n g s =c (

" " , "NA" ) )

# F i r s t s t e p : When needed , rename v a r i a b l e s i n o r d e r t o have t h e same

names i n a l l d a t a f r a m e s : " l a t i t u d e " , " l o n g i t u d e " , " d e a t h " , " y e a r " , "

t ime " .

r e q u i r e ( r e s h a p e )

r e q u i r e ( l a t t i c e )

r e q u i r e ( sp )

r e q u i r e ( RgoogleMaps )

r e q u i r e ( r g d a l )

r e q u i r e ( g g p l o t 2 )

r e q u i r e ( m a p to o l s )
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GTD <− rename (GTD, c ( n k i l l =" d e a t h " ) ) ;GTD <− rename (GTD, c ( Rdate =" t ime " ) )

;GTD <− rename (GTD, c ( i y e a r =" y e a r " ) ) ;

RDWTI <− rename (RDWTI, c ( F a t a l i t i e s =" d e a t h " ) ) ;RDWTI <− rename (RDWTI, c (

RDWTIdate=" t ime " ) ) ;

g d e l t<−rename ( g d e l t , c ( Act ionGeo _ La t =" l a t i t u d e " ) ) ; g d e l t<−rename ( g d e l t , c (

Act ionGeo _Long=" l o n g i t u d e " ) ) ; g d e l t<−rename ( g d e l t , c ( Year=" y e a r " ) ) ;

g d e l t<−rename ( g d e l t , c ( DateR=" t ime " ) ) #no d e a t h v a r i a b l e !

GDELT<−g d e l t # c h a n g i n g t h e name of t h e d a t a f r a m e g d e l t i n GDELT f o r

a v o i d i n g c o n f u s i o n i n n e x t s t e p s

rm ( g d e l t ) # d e l e t i n g t h e o l d d a t a f r a m e g d e l t

RDWTI$ y e a r<−as . i n t e g e r (RDWTI$ y e a r ) # p u t " y e a r " i n t h e same f o r m a t (

i n t e g e r ) t h a n t h e o t h e r d a t a f r a m e s

RDWTI$ d e a t h<−as . numer ic (RDWTI$ d e a t h ) # p u t " d e a t h " i n t h e same f o r m a t (

numer ic ) t h a n t h e o t h e r d a t a f r a m e s

# check c l a s s o f v a r i a b l e s y e a r i n a l l d a t a f r a m e s

# c l a s s (RDWTI$ y e a r )

# c l a s s (GTD$ y e a r )

# c l a s s (GDELT$ y e a r )

# Second s t e p : t o keep on ly t h e needed v a r i a b l e s ( l a t i t u d e , l o n g i t u d e ,

dea th , year , t ime ) i n a l l d a t a f r a m e s

GTD<− s u b s e t (GTD, s e l e c t =c ( " l a t i t u d e " , " l o n g i t u d e " , " d e a t h " , " y e a r " , " t ime " ) )

DTV<− s u b s e t (DTV, s e l e c t =c ( " l a t i t u d e " , " l o n g i t u d e " , " d e a t h " , " y e a r " , " t ime " ) )

RDWTI<− s u b s e t (RDWTI, s e l e c t =c ( " l a t i t u d e " , " l o n g i t u d e " , " d e a t h " , " y e a r " , "

t ime " ) )

GDELT<− s u b s e t (GDELT, s e l e c t =c ( " l a t i t u d e " , " l o n g i t u d e " , " y e a r " , " t ime " ) ) #

GDELT has n o t " d e a t h " v a r i a b l e !

# T h i r d s t e p : t o add an i d e n t i f i c a t i o n v a r i a b l e t o r e c o g n i s e t h e v a l u e s

o f each d a t a f r a m e

GTD$ i d<− (GTD$ i d ="GTD" )

GDELT$ i d<− (GDELT$ i d ="GDELT" )

GDELT$ d e a t h<− (GDELT$ d e a t h ="NA" ) # c r e a t e a v a r i a b l e " d e a t h " wi th m i s s i n g

e l e m e n t s i n o r d e r t o merge i t w i th t h e o t h e r d f .

GDELT$ d e a t h<−as . numer ic (GDELT$ d e a t h ) # p u t " d e a t h " i n t h e same f o r m a t (

numer ic ) t h a n t h e o t h e r d a t a f r a m e s

RDWTI$ i d<− (RDWTI$ i d ="RDWTI" )

# F o u r t h s t e p : t o merge a l l d a t a f r a m e s i n one t h e so c a l l e d "ALL"

d a t a f r a m e .

r e q u i r e ( g t o o l s )

ALL<− r b i n d (GTD, RDWTI) # add t h e r e s u l t i n g d f t o RDWTI

ALL<− r b i n d (ALL, GDELT) # add t h e r e s u l t i n g d f t o GDELT .
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# s t r (ALL) # t o check t h e d a t a b a s e ALL

# e x p o r t i n g "ALL" df a s a . csv f i l e

w r i t e . t a b l e (ALL, "ALL . csv " , sep =" , " , row . names=FALSE)

# e x p o r t i n g "GDELT" df as a . csv f i l e

w r i t e . t a b l e (GDELT, "GDELT . csv " , sep =" , " , row . names=FALSE)

# e x p o r t i n g "RDWTI" d f as a . c sv f i l e

w r i t e . t a b l e (RDWTI, "RDWTI . csv " , sep =" , " , row . names=FALSE)

# e x p o r t i n g "GTD" df as a . csv f i l e

w r i t e . t a b l e (GTD, "GTD. csv " , sep =" , " , row . names=FALSE)

# p l o t p r e p a r a t i o n

rm ( l i s t = s e t d i f f ( l s ( ) , "ALL" ) ) # i t keeps on ly t h e d a t a f r a m e "ALL"

wor ld . map <− r e a d S h a p e S p a t i a l ( "C : / Use r s / apy thon / Documents / Andre /

E d u c a t i o n / StAndrews / PhD / PhD_ArcGIS / World map / wor ld . shp " )

p r o j 4 s t r i n g ( wor ld . map )<−CRS( "+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84

=0 ,0 ,0+ e l l p s =WGS84" )

s t u d y a r e a <− world . map [ wor ld . map$F_AREA > 9000000000 , ] # d e l e t e s m a l l

p o l y g on s

A <− s u b s e t (ALL, y e a r > 2001 & y e a r < 2015) #we c r e a t e a s u b s e t 1979−2005

i n o r d e r t o be a b l e t o compare a l l d a t a b a s e s

A2 <− s u b s e t (ALL, y e a r > 2001 & y e a r < 2010) #we c r e a t e a s u b s e t

1979−2005 i n o r d e r t o be a b l e t o compare a l l d a t a b a s e s

GTD<− s u b s e t ( A2 , i d =="GTD" ) #we c o u l d c r e a t e a s u b s e t o f GTD from a l l (

c o u l d be u s e f u l t o do p l o t on ly on GTD or a n o t h e r d a t a f r a m e )

RDWTI<− s u b s e t ( A2 , i d =="RDWTI" ) #we c o u l d c r e a t e a s u b s e t o f GTD from a l l

( c o u l d be u s e f u l t o do p l o t on ly on GTD or a n o t h e r d a t a f r a m e )

GDELT<− s u b s e t ( A2 , i d =="GDELT" ) #we c o u l d c r e a t e a s u b s e t o f GTD from a l l

( c o u l d be u s e f u l t o do p l o t on ly on GTD or a n o t h e r d a t a f r a m e )

# p l o t

pdf ( "ALL . pdf " , wid th =14 , h e i g h t =5)

p a r ( mar=c ( 0 , 0 , 0 , 0 ) , oma=c ( 0 , 0 , 0 , 0 ) )

p l o t ( s t u d y a r e a , x l im = c (−180 , 180) , y l im = c (−45 , 75) , cex = 1 . 3 )

p o i n t s (GDELT$ l o n g i t u d e , GDELT$ l a t i t u d e , cex = 0 . 3 , pch =3 , c o l =" g r e e n " )

p o i n t s (RDWTI$ l o n g i t u d e , RDWTI$ l a t i t u d e , cex = 0 . 3 , pch =2 , c o l =" r e d " )

p o i n t s (GTD$ l o n g i t u d e ,GTD$ l a t i t u d e , cex = 0 . 3 , pch =1 , c o l =" b l a c k " )

dev . o f f ( )

#END###################################################################



Appendix B

Exploratory Analysis of World

Terrorism Data (2002-2009)

B.1 Introduction

This Appendix provides the code which has been generated to explore temporal and spa-

tial patterns of GDELT, GTD, and RDWTI. First, Appendix B.2 shows the code used to

calculate cross-correlations between the databases in time (2002-2009) and space. Second,

Appendix B.4 provides the code in ❘ which has been used to calculate intensity, density, and

the F-function. Third, Appendix B.5 provides a code generated in ❘ which has been used

to calculate the pc f function. Fourth, Appendix C.2 provides the code used to compute

correlation between the covariates.

B.2 Time Series: monthly average and trends (2002-2009)

#The g o a l o f t h i s p r o c e s s i s t o p l o t t h e d i f f e r e n t d a t a from t h e

d a t a f r a m e ALL, which c o n t a i n s d a t a o f DTV, GTD, GDELT, and RDWTI .

# I t u s e s A l l . csv , t h e o u t p u t o f A l l _ d a t a . R , which s h o u l d be e x e c u t e d

p r i o r t h i s o p e r a t i o n p r o c e s s .

# 1 : i n i t i a l i s a t i o n

se twd ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R /

ALL" )

r e q u i r e ( " p l y r " )

r e q u i r e ( " d a t a . t a b l e " )

r e q u i r e ( " g g p l o t 2 " )
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ALL<− r e a d . csv ( "ALL . csv " , h e a d e r = TRUE, dec=" . " , na . s t r i n g s =c ( " " , "NA" ) )

#we c r e a t e a s u b s e t 2002−2009 i n o r d e r t o be a b l e t o compare a l l

d a t a b a s e s on a same t e m p o r a l framework

A <− s u b s e t (ALL, y e a r > 2001 & y e a r < 2010)

# D a t a b a s e s t ime p e r i o d : GTD: 1970−2013; GDELT: 1979−2013 ( downloaded b u t

can have u n t i l t o d a y ) ;RDWTI: 1968−2009. The maximum common p e r i o d t o

a l l d a t a b a s e s i s : 2002−2009

# STATISTICS ( d e a t h s , number o f e v e n t s ) f o r 2002−2009

#mean and s t a n d a r d d e v i a t i o n o f number o f d e a t h ( i n c l u d i n g non− l e t h a l )

A0<−A[ c o m p l e t e . c a s e s (A) , ] # e x c l u d e NA

deathmean <− ddp ly ( A0 , " i d " , summarise , dmean=mean ( d e a t h ) , na . rm = TRUE)

d e a t h s d <− ddp ly ( A0 , " i d " , summarise , dsd=sd ( d e a t h ) , na . rm = TRUE)

# S u b s e t t i n g t h e Nb . o f non− l e t h a l e v e n t s

GTD1<− s u b s e t (A, i d =="GTD" )

RDWTI1<− s u b s e t (A, i d =="RDWTI" )

# Coun t ing t h e number o f e v e n t s wi th no c a s u a l t i e s

GTDd<−as . d a t a . f rame ( t a b l e (GTD1$ d e a t h ) )

RDWTId<−as . d a t a . f rame ( t a b l e (RDWTI1$ d e a t h ) )

GTDd ; RDWTId# p r o p o r t i o n o f non− l e t h a l e v e n t s / t o t a l e v e n t s :GTD 5401 /

12031=0.45 ; RDWTI: 12360 / 23873=0.52

# ##################################################

#TEMPORAL ANALYSIS of number e v e n t s

# c r e a t e a v e c t o r wi th months from 2002 t o 2009

# c r e a t i n g a l l months from 2002 t o 2009 (96 months f o r 8 y e a r s )

t i m e f o r m a t t e d <− as . Date (A$ t ime , "%Y−%m−%d " )

A$YYmm<− s t r f t i m e ( t i m e f o r m a t t e d , "%Y−%m" )

s <− as . Date ( " 2002−01−01 " )

e <− as . Date ( " 2009−12−31 " )

months<−seq ( from=s , t o =e , by=" month " )

a s . f a c t o r ( months )

m o n t h f o r m a t t e d <− as . Date ( months , "%Y−%m−%d " )

M<−as . d a t a . f rame ( s t r f t i m e ( mon th fo rma t t ed , "%Y−%m" ) ) # e x t r a c t y e a r and

month

co lnames (M) <− "YYmm"

#TEMPORAL ANALYSIS of number e v e n t s i n GTD

#we look a t GTD so we s u b s e t t h e sample

GTD2<− s u b s e t (A, i d =="GTD" )

# merge t h e d a t a f r a m e wi th a l l days wi th each t e r r o r i s t e v e n t s d a t a
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# n o t e t h a t i t i s p o s s i b l e t h a t no t e r r o r i s t e v e n t s have been r e c o r d e d i n

some days , so

# a l l d a t a s h o u l d be k e p t ( a l l =TRUE)

B<−merge (M, GTD2, by="YYmm" , a l l =TRUE)

#sum t h e number o f e v e n t s p e r day and p e r d a t a b a s e ( i d )

Nb . e v t 2<−ddp ly (B , . ( YYmm, i d ) , nrow )

Nb . e v t 2<−rename ( Nb . ev t2 , c ( V1=" n b e v e n t s " ) )

# p u t 0 i n t h e number o f e v e n t s i f NA i s p r e s e n t i n t h e " i d " column

Nb . e v t 2 $ n b e v e n t s [ i s . na ( Nb . e v t 2 $ i d ) ]<−0

myvec tor<−as . numer ic ( Nb . e v t 2 $ n b e v e n t s )

# c r e a t i n g a t ime s e r i e s

GTDts <− t s ( myvector , s t a r t =c ( 2 0 0 2 , 1 , 1 ) , end=c ( 2 0 0 9 , 1 2 , 3 1 ) , f r e q u e n c y

=12)

p l o t ( GTDts , y l a b ="Nb . monthly e v e n t s i n GTD" )

GTDtsdecomp <− decompose ( GTDts )

p l o t ( GTDtsdecomp )

p l o t ( GTDtsdecomp$ t r e n d , y l a b ="GTD t r e n d " )

GTDtrend<−as . d a t a . f rame ( GTDtsdecomp$ t r e n d )

GTDdf<−c b i n d ( GTDtrend , Nb . e v t 2 )

GTDdf$ i d [ i s . na ( GTDdf$ i d ) ]<−"GTD"

GTDdf$ s e a s o n<−as . numer ic ( GTDtsdecomp$ s e a s o n a l )

GTDdf$ random<−as . numer ic ( GTDtsdecomp$ random )

names ( GTDdf )<−c ( " month " , "YYmm" , " i d " , " t r e n d " , " s e a s o n " , " random " )

#TEMPORAL ANALYSIS of number o f d e a t h s

#we look a t GTD so we s u b s e t t h e sample

#we p u t 0 i f NA i s p r e s e n t i n number o f d e a t h

B$ d e a t h [ i s . na (B$ d e a t h ) ]<−0

#now we sum t h e number o f d e a t h p e r day and p e r d a t a b a s e ( i d )

d e a t h 2<−ddp ly (B , "YYmm" , t r a n s f o r m , t o t d e a t h s = sum ( d e a t h ) ) # c a l c u l a t e

t h e sum of d e a t h s p e r month

d e a t h 2<−d e a t h 2 [ ! d u p l i c a t e d ( d e a t h 2 [ , 1 ] ) , ] # d e l e t e r e p l i c a t e s

d e a t h 2<−d e a t h 2 [ c ( 1 , 8 ) ] # keep u s e f u l columns on ly

myvec tor<−as . numer ic ( d e a t h 2 $ t o t d e a t h s ) # c r e a t e a numer ic v e c t o r

# c r e a t i n g a t ime s e r i e s

GTDts2 <− t s ( myvector , s t a r t =c ( 2 0 0 2 , 1 , 1 ) , end=c ( 2 0 0 9 , 1 2 , 3 1 ) , f r e q u e n c y

=12)

GTDts2decomp <− decompose ( GTDts2 )

GTD2trend<−as . d a t a . f rame ( GTDts2decomp$ t r e n d )

GTD2df<−c b i n d ( GTD2trend , d e a t h 2 )



216 Exploratory Analysis of World Terrorism Data (2002-2009)

GTD2df$ s e a s o n<−as . numer ic ( GTDts2decomp$ s e a s o n a l )

GTD2df$ random<−as . numer ic ( GTDts2decomp$ random )

names ( GTD2df )<−c ( " month " , "YYmm" , " t r e n d " , " s e a s o n " , " random " )

GTD2df$ i d<−"GTD" # a dd in g a new v a r i a b l e i d

#TEMPORAL ANALYSIS of number o f e v e n t s i n RDWTI

#we look a t RDWTI so we s u b s e t t h e sample

RDWTI2<− s u b s e t (A, i d =="RDWTI" )

B<−merge (M, RDWTI2 , by="YYmm" , a l l =TRUE)

#sum t h e number o f e v e n t s p e r day and p e r d a t a b a s e ( i d )

Nb . e v t 4<−ddp ly (B , . ( YYmm, i d ) , nrow )

Nb . e v t 4<−rename ( Nb . ev t4 , c ( V1=" n b e v e n t s " ) )

# p u t 0 i n t h e number o f e v e n t s i f NA i s p r e s e n t i n t h e " i d " column

Nb . e v t 4 $ n b e v e n t s [ i s . na ( Nb . e v t 4 $ i d ) ]<−0

myvec tor<−as . numer ic ( Nb . e v t 4 $ n b e v e n t s )

# c r e a t i n g a t ime s e r i e s

RDWTIts <− t s ( myvector , s t a r t =c ( 2 0 0 2 , 1 , 1 ) , end=c ( 2 0 0 9 , 1 2 , 3 1 ) , f r e q u e n c y

=12)

p l o t ( RDWTIts , y l a b ="Nb . monthly e v e n t s i n RDWTI" )

RDWTItsdecomp <− decompose ( RDWTIts )

p l o t ( RDWTItsdecomp )

p l o t ( RDWTItsdecomp$ t r e n d , y l a b ="RDWTI t r e n d " )

RDWTItrend<−as . d a t a . f rame ( RDWTItsdecomp$ t r e n d )

RDWTIdf<−c b i n d ( RDWTItrend , Nb . e v t 4 )

RDWTIdf$ s e a s o n<−as . numer ic ( RDWTItsdecomp$ s e a s o n a l )

RDWTIdf$ random<−as . numer ic ( RDWTItsdecomp$ random )

names ( RDWTIdf )<−c ( " month " , "YYmm" , " i d " , " t r e n d " , " s e a s o n " , " random " )

#TEMPORAL ANALYSIS of number o f d e a t h s i n RDWTI

#we look a t RDWTI so we s u b s e t t h e sample

#we p u t 0 i f NA i s p r e s e n t i n number o f d e a t h

B$ d e a t h [ i s . na (B$ d e a t h ) ]<−0

#sum t h e number o f d e a t h p e r day and p e r d a t a b a s e ( i d )

d e a t h 2<−ddp ly (B , "YYmm" , t r a n s f o r m , t o t d e a t h s = sum ( d e a t h ) ) # c a l c u l a t e

t h e sum of d e a t h s p e r day

d e a t h 2<−d e a t h 2 [ ! d u p l i c a t e d ( d e a t h 2 [ , 1 ] ) , ] # d e l e t e r e p l i c a t e s

d e a t h 2<−d e a t h 2 [ c ( 1 , 8 ) ] # keep u s e f u l columns on ly

myvec tor<−as . numer ic ( d e a t h 2 $ t o t d e a t h s ) # c r e a t e a numer ic v e c t o r

# c r e a t i n g a t ime s e r i e s



B.2 Time Series: monthly average and trends (2002-2009) 217

RDWTIts2 <− t s ( myvector , s t a r t =c ( 2 0 0 2 , 1 , 1 ) , end=c ( 2 0 0 9 , 1 2 , 3 1 ) ,

f r e q u e n c y =12)

RDWTIts2decomp <− decompose ( RDWTIts2 )

RDWTI2trend<−as . d a t a . f rame ( RDWTIts2decomp$ t r e n d )

RDWTI2df<−c b i n d ( RDWTI2trend , d e a t h 2 )

RDWTI2df$ s e a s o n<−as . numer ic ( RDWTIts2decomp$ s e a s o n a l )

RDWTI2df$ random<−as . numer ic ( RDWTIts2decomp$ random )

names ( RDWTI2df )<−c ( " month " , "YYmm" , " t r e n d " , " s e a s o n " , " random " )

RDWTI2df$ i d<−"RDWTI" # a dd in g a new v a r i a b l e i d

#TEMPORAL ANALYSIS of number o f e v e n t s i n GDELT

#we look a t GDELT so we s u b s e t t h e sample

GDELT2<− s u b s e t (A, i d =="GDELT" )

# merge t h e d a t a f r a m e wi th a l l days wi th each t e r r o r i s t e v e n t s d a t a

# n o t e t h a t i t i s p o s s i b l e t h a t no t e r r o r i s t e v e n t s have been r e c o r d e d i n

some days , so

# a l l d a t a s h o u l d be k e p t ( a l l =TRUE)

B<−merge (M, GDELT2 , by="YYmm" , a l l =TRUE)

#sum t h e number o f e v e n t s p e r day and p e r d a t a b a s e ( i d )

Nb . e v t 5<−ddp ly (B , . ( YYmm, i d ) , nrow )

Nb . e v t 5<−rename ( Nb . ev t5 , c ( V1=" n b e v e n t s " ) )

# p u t 0 i n t h e number o f e v e n t s i f NA i s p r e s e n t i n t h e " i d " column

Nb . e v t 5 $ n b e v e n t s [ i s . na ( Nb . e v t 5 $ i d ) ]<−0

myvec tor<−as . numer ic ( Nb . e v t 5 $ n b e v e n t s )

# c r e a t i n g a t ime s e r i e s

GDELTts <− t s ( myvector , s t a r t =c ( 2 0 0 2 , 1 , 1 ) , end=c ( 2 0 0 9 , 1 2 , 3 1 ) , f r e q u e n c y

=12)

p l o t ( GDELTts , y l a b ="Nb . monthly e v e n t s i n GDELT" )

GDELTtsdecomp <− decompose ( GDELTts )

p l o t ( GDELTtsdecomp )

p l o t ( GDELTtsdecomp$ t r e n d , y l a b ="GDELT t r e n d " )

GDELTtrend<−as . d a t a . f rame ( GDELTtsdecomp$ t r e n d )

GDELTdf<−c b i n d ( GDELTtrend , Nb . e v t 5 )

GDELTdf$ s e a s o n<−as . numer ic ( GDELTtsdecomp$ s e a s o n a l )

GDELTdf$ random<−as . numer ic ( GDELTtsdecomp$ random )

names ( GDELTdf )<−c ( " month " , "YYmm" , " i d " , " t r e n d " , " s e a s o n " , " random " )

# p l o t s ( t ime u n i t : month )

# p u t t i n g v a r i a b l e i n numer ic

GTDdf$month<−as . numer ic ( GTDdf$month )
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GDELTdf$month<−as . numer ic ( GDELTdf$month )

RDWTIdf$month<−as . numer ic ( RDWTIdf$month )

# merging t ime s e r i e s

t r e n d<− r b i n d ( GTDdf , RDWTIdf , GDELTdf )

# c o l o r s e t t i n g s

my . s e t t i n g s <− l i s t (

s t r i p . background = l i s t ( c o l =" t r a n s p a r e n t " ) ,

s t r i p . b o r d e r = l i s t ( c o l =" b l a c k " )

)

# p l o t t i n g nb . o f monthly e v e n t s u s i n g l a t t i c e

r e q u i r e ( " l a t t i c e " )

p l o t . new ( )

mypath= p a s t e ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

La tex / phd−t h e s i s −t e m p l a t e−phd−l a t e x −t e m p l a t e− l a t e s t −s t a b l e / C h a p t e r 4 /

F i g s / PDF / mon thand t r end . pdf " )

pdf ( f i l e =mypath , o n e f i l e =FALSE , wid th =16 , h e i g h t =8 , p a p e r =" s p e c i a l " )

p a r ( oma=c ( 0 , 0 . 2 , 0 , 0 ) , mar=c ( 4 . 1 , 4 . 5 , 2 . 1 , 0 . 5 ) , cex =8)

x y p l o t ( month + t r e n d ~ YYmm | id , be tween = l i s t ( x = 0 . 5 ) ,

d a t a = t r e n d , t y p e = " l " , x l a b = l i s t ( l a b e l =" Year " , cex =2) , y l a b = l i s t ( l a b e l ="

Nb . t e r r o r i s t e v e n t s p e r month and t r e n d " , cex =2) ,

l t y = c ( 1 , 1 ) , lwd = c ( 7 , 2 ) , c o l . l i n e = c ( " r e d " , " b l a c k " ) , l a y o u t = c ( 3 , 1 ) ,

s c a l e s = l i s t ( x= l i s t ( a t = seq ( 1 , 9 6 , 2 4 ) , # i n t o t a l 96 days a r e i n c l u d e d and

each mark s h o u l d be p l a c e d a f t e r one y e a r =12 months

l a b e l s =c ( " 2002 " , " 2004 " , " 2006 " , " 2008 " , " 2010 " ) , cex =2) ,

y= l i s t ( a t = seq ( 0 , 6 0 0 , 2 0 0 ) , l a b e l s =c ( " 0 " , " 200 " , " 400 " , " 600 " ) , cex =2) ) ,

p a r . s t r i p . t e x t = l i s t ( cex =2) , s t a c k =TRUE,

p a r . s e t t i n g s = l i s t ( s t r i p . background = l i s t ( c o l =NA) , cex =4 , l i s t (

) ) )

dev . o f f ( ) ; dev . o f f ( )

# s e a s o n a l i t y and randomness

# p l o t t i n g nb . monthly e v e n t s u s i n g l a t t i c e

r e q u i r e ( " l a t t i c e " )

p l o t . new ( )

mypath= p a s t e ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

La tex / phd−t h e s i s −t e m p l a t e−phd−l a t e x −t e m p l a t e− l a t e s t −s t a b l e / C h a p t e r 4 /

F i g s / PDF / monthandseason . pdf " )

pdf ( f i l e =mypath , o n e f i l e =FALSE , wid th =16 , h e i g h t =8 , p a p e r =" s p e c i a l " )

p a r ( oma=c ( 0 , 0 . 2 , 0 , 0 ) , mar=c ( 4 . 1 , 4 . 5 , 2 . 1 , 0 . 5 ) , cex =8)

x y p l o t ( s e a s o n +random ~ YYmm | id , be tween = l i s t ( x = 0 . 5 ) ,
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d a t a = t r e n d , t y p e = " l " , x l a b = l i s t ( l a b e l =" Year " , cex =2) , y l a b = l i s t (

l a b e l =" S e a s o n a l and random components " , cex =2) ,

l t y = c ( 1 , 1 ) , lwd = c ( 7 , 2 ) , c o l . l i n e = c ( " r e d " , " b l a c k " ) , l a y o u t = c

( 3 , 1 ) ,

s c a l e s = l i s t ( x= l i s t ( a t = seq ( 1 , 9 6 , 2 4 ) , # i n t o t a l 96 days a r e

i n c l u d e d and each mark s h o u l d be p l a c e d a f t e r one y e a r =12

months

l a b e l s =c ( " 2002 " , " 2004 " , " 2006 " , " 2008 " , " 2010 " ) ,

cex =2) ,

y= l i s t ( a t = seq ( 0 , 6 0 0 , 2 0 0 ) , l a b e l s =c ( " 0 " , " 200 " , " 400 " , "

600 " ) , cex =2) ) ,

p a r . s t r i p . t e x t = l i s t ( cex =2) , s t a c k =TRUE,

p a r . s e t t i n g s = l i s t ( s t r i p . background = l i s t ( c o l =NA) , cex =4 , l i s t (

) ) )

dev . o f f ( ) ; dev . o f f ( )

# p l o t nb . monthly f a t a l i t i e s

# p u t t i n g v a r i a b l e i n numer ic

GTD2df$month<−as . numer ic ( GTD2df$month )

RDWTI2df$month<−as . numer ic ( RDWTI2df$month )

# merging t ime s e r i e s

t r e n d 2<− r b i n d ( GTD2df , RDWTI2df )

# p l o t t i n g nb . monthly f a t a l i t i e s u s i n g l a t t i c e

r e q u i r e ( " l a t t i c e " )

x y p l o t ( month + t r e n d ~ YYmm | id , be tween = l i s t ( x = 0 . 5 ) ,

d a t a = t r e n d 2 , t y p e = " l " , x l a b = l i s t ( l a b e l =" Year " , cex = 1 . 3 ) , y l a b = l i s t (

l a b e l ="Nb . f a t a l i t i e s p e r month and t r e n d " , cex = 1 . 3 ) ,

l t y = c ( 1 , 1 ) , lwd = c ( 7 , 2 ) , c o l . l i n e = c ( " r e d " , " b l a c k " ) , l a y o u t = c ( 3 , 1 ) ,

s c a l e s = l i s t ( x= l i s t ( a t = seq ( 1 , 9 6 , 1 2 ) ,

l a b e l s =c ( " 2002 " , " 2003 " , " 2004 " , " 2005 " , " 2006 " , " 2007 " , " 2008 " , " 2009 " , " 2010 " )

) ) )

# p l o t t i n g nb . monthly e v e n t s u s i n g l a t t i c e

r e q u i r e ( " l a t t i c e " )

p l o t . new ( )

mypath= p a s t e ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

La tex / phd−t h e s i s −t e m p l a t e−phd−l a t e x −t e m p l a t e− l a t e s t −s t a b l e / C h a p t e r 4 /

F i g s / PDF / m o n t h a n d t r e n d f a t . pdf " )

pdf ( f i l e =mypath , o n e f i l e =FALSE , wid th =16 , h e i g h t =8 , p a p e r =" s p e c i a l " )

p a r ( oma=c ( 0 , 0 . 2 , 0 , 0 ) , mar=c ( 4 . 1 , 4 . 5 , 2 . 1 , 0 . 5 ) , cex =8)

x y p l o t ( month + t r e n d ~ YYmm | id , be tween = l i s t ( x = 0 . 5 ) ,
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d a t a = t r e n d 2 , t y p e = " l " , x l a b = l i s t ( l a b e l =" Year " , cex =2) , y l a b = l i s t

( l a b e l ="Nb . f a t a l i t i e s p e r month and t r e n d " , cex =2) ,

l t y = c ( 1 , 1 ) , lwd = c ( 7 , 2 ) , c o l . l i n e = c ( " r e d " , " b l a c k " ) , l a y o u t = c

( 3 , 1 ) ,

s c a l e s = l i s t ( x= l i s t ( a t = seq ( 1 , 9 6 , 2 4 ) , # i n t o t a l 96 days a r e

i n c l u d e d and each mark s h o u l d be p l a c e d a f t e r one y e a r =12

months

l a b e l s =c ( " 2002 " , " 2004 " , " 2006 " , " 2008 " , " 2010 " ) ,

cex =2) ,

y= l i s t ( a t = seq ( 0 , 1 2 5 0 , 2 5 0 ) , l a b e l s =c ( " 0 " , " 250 " , " 500 " , "

750 " , " 1000 " , " 1250 " ) , cex =2) ) ,

p a r . s t r i p . t e x t = l i s t ( cex =2) , s t a c k =TRUE,

p a r . s e t t i n g s = l i s t ( s t r i p . background = l i s t ( c o l =NA) , cex =4 , l i s t (

) ) )

dev . o f f ( ) ; dev . o f f ( )

# s e a s o n a l i t y and random components

r e q u i r e ( " l a t t i c e " )

p l o t . new ( )

mypath= p a s t e ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

La tex / phd−t h e s i s −t e m p l a t e−phd−l a t e x −t e m p l a t e− l a t e s t −s t a b l e / C h a p t e r 4 /

F i g s / PDF / m o n t h a n d s e a s o n f a t . pdf " )

pdf ( f i l e =mypath , o n e f i l e =FALSE , wid th =16 , h e i g h t =8 , p a p e r =" s p e c i a l " )

p a r ( oma=c ( 0 , 0 . 2 , 0 , 0 ) , mar=c ( 4 . 1 , 4 . 5 , 2 . 1 , 0 . 5 ) , cex =8)

x y p l o t ( s e a s o n +random ~ YYmm | id , be tween = l i s t ( x = 0 . 5 ) ,

d a t a = t r e n d 2 , t y p e = " l " , x l a b = l i s t ( l a b e l =" Year " , cex =2) , y l a b = l i s t

( l a b e l =" S e a s o n a l and random components " , cex =2) ,

l t y = c ( 1 , 1 ) , lwd = c ( 7 , 2 ) , c o l . l i n e = c ( " r e d " , " b l a c k " ) , l a y o u t = c

( 3 , 1 ) ,

s c a l e s = l i s t ( x= l i s t ( a t = seq ( 1 , 9 6 , 2 4 ) , # i n t o t a l 96 days a r e

i n c l u d e d and each mark s h o u l d be p l a c e d a f t e r one y e a r =12

months

l a b e l s =c ( " 2002 " , " 2004 " , " 2006 " , " 2008 " , " 2010 " ) ,

cex =2) ,

y= l i s t ( a t = seq ( 0 , 1 2 5 0 , 2 5 0 ) , l a b e l s =c ( " 0 " , " 250 " , " 500 " , "

750 " , " 1000 " , " 1250 " ) , cex =2) ) ,

p a r . s t r i p . t e x t = l i s t ( cex =2) , s t a c k =TRUE,

p a r . s e t t i n g s = l i s t ( s t r i p . background = l i s t ( c o l =NA) , cex =4 , l i s t (

) ) )

dev . o f f ( ) ; dev . o f f ( )
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# c h e c k i n g c o r r e l a t i o n between t ime s e r i e s d a t a i n t e r m s of nb . e v e n t s

p e r month

# f i r s t p u t d a t a b a s e s year , DTV, GTD, GDELT, RDWTI i n column and v a l u e s

rows

r e q u i r e ( " r e s h a p e 2 " )

c o r r<− t r e n d

c o r r $ i n d e x<−as . numer ic ( a s . f a c t o r ( c o r r $YYmm) ) # c r e a t e a new column f o r

i n d e x i n g t h e t ime

c o r r<−c o r r [ c o m p l e t e . c a s e s ( c o r r ) , ] # d e l e t e i f NA i s p r e s e n t

c o r r<−c o r r [ c (−4 ,−2) ] # d e l e t e t r e n d

c o r r<−d c a s t ( c o r r , i n d e x ~ id , v a l u e . v a r =" month " ) #month g i v e s t h e nb .

e v e n t s p e r month

a<−c o r . t e s t ( c o r r $GTD, c o r r $RDWTI)

c<−c o r . t e s t ( c o r r $GTD, c o r r $GDELT)

e<−c o r . t e s t ( c o r r $RDWTI, c o r r $GDELT)

# c o r r e l a t i o n ’ s t e s t r e s u l t s

a ; c ; e

# c h e c k i n g c o r r e l a t i o n between t ime s e r i e s d a t a i n t e r m s of nb . d e a t h s

# f i r s t p u t d a t a b a s e s year , DTV, GDELT, RDWTI i n column and v a l u e s rows

r e q u i r e ( " r e s h a p e 2 " )

# u s i n g t ime2 , GDELT does n o t p r o v i d e nb . d e a t h s .

c o r r 2<− t r e n d 2

c o r r 2 $ i n d e x<−as . numer ic ( a s . f a c t o r ( c o r r 2 $YYmm) ) # c r e a t e a new column f o r

i n d e x i n g t h e t ime

c o r r 2<−c o r r 2 [ c o m p l e t e . c a s e s ( c o r r 2 ) , ] # d e l e t e i f NA i s p r e s e n t

c o r r 2<−c o r r 2 [ c (−2 ,−3) ] # d e l e t e t r e n d

c o r r 2<−d c a s t ( c o r r 2 , i n d e x ~ id , v a l u e . v a r =" month " ) #month g i v e s t h e nb .

e v e n t s p e r month

# c o r r e l a t i o n ’ s t e s t r e s u l t s

g<−c o r . t e s t ( c o r r 2 $GTD, c o r r 2 $RDWTI) ; g

# c h e c k i n g o f t ime s e r i e s ( number o f d e a t h s and number o f e v e n t s ) a r e

random u s i n g ’ r a n d t e s t s ’

#Wald−Wolfowi tz r u n s t e s t o f randomness f o r c o n t i n u o u s d a t a

r e q u i r e ( " r a n d t e s t s " )

runGTD<− s u b s e t ( t ime , i d =="GTD" )

runGDELT<− s u b s e t ( t ime , i d =="GDELT" )

runRDWTI<− s u b s e t ( t ime , i d =="RDWTI" )
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b a r t e l s . r ank . t e s t ( runGTD$ n b e v e n t s )

b a r t e l s . r ank . t e s t ( runGDELT$ n b e v e n t s )

b a r t e l s . r ank . t e s t ( runRDWTI$ n b e v e n t s )

b a r t e l s . r ank . t e s t ( runGTD$ n b d e a t h )

b a r t e l s . r ank . t e s t ( runRDWTI$ n b d e a t h )

#END ##############################

B.3 Global and Local Spatial Autocorrelation

This Appendix provides the codes which have been generated to estimate the global (Moran’s

I) and local (Getis and Ord G∗
si

) autocorrelation on the density of terrorist attacks in the study

area.

#The g o a l o f t h i s p r o c e s s i s t o e x p o r e t h e d a t a u s i n g t h e d a t a f r a m e ALL,

which c o n t a i n s d a t a o f DTV, GTD, GDELT, and RDWTI

# I t u s e s A l l . csv , t h e o u t p u t o f A l l _ d a t a . R , which s h o u l d be e x e c u t e d

p r i o r t h i s o p e r a t i o n p r o c e s s .

# i n i t i a l i s a t i o n

se twd ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R /

ALL" )

r e q u i r e ( " l a t t i c e " )

r e q u i r e ( " sp " )

r e q u i r e ( " RgoogleMaps " )

r e q u i r e ( " r g d a l " )

r e q u i r e ( " g g p l o t 2 " )

r e q u i r e ( " r g l " )

r e q u i r e ( " vcd " )

r e q u i r e ( " f o r e i g n " )

r e q u i r e ( " p l y r " )

r e q u i r e ( " pwr " )

r e q u i r e ( " r g d a l " )

r e q u i r e ( " m a p t oo l s " )

r e q u i r e ( " ape " )

r e q u i r e ( " g e o s p h e r e " )

r e q u i r e ( " spdep " )

r e q u i r e ( " GISTools " )

ALL<− r e a d . csv ( "ALL . csv " , h e a d e r = TRUE, dec=" . " , na . s t r i n g s =c ( " " , "NA" ) )

wor ld . map <− r e a d S h a p e S p a t i a l ( "C : / Use r s / apy thon / Documents / Andre /

E d u c a t i o n / StAndrews / PhD / PhD_ArcGIS / World map / wor ld . shp " )

p r o j 4 s t r i n g ( wor ld . map )<−CRS( "+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84

=0 ,0 ,0+ e l l p s =WGS84" )
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s t u d y a r e a <− world . map [ wor ld . map$F_AREA > 9000000000 , ] # d e l e t e s m a l l

p o l y go n s

# l o o k i n g a t e v e n t s from 2002 t o 2009 ( common t ime p e r i o d )

A <− s u b s e t (ALL, y e a r > 2001 & y e a r < 2010) #we c r e a t e a s u b s e t 2002−2009

i n o r d e r t o be a b l e t o compare a l l d a t a b a s e s on a same t e m p o r a l

framework

GTD1<− s u b s e t (A, i d =="GTD" )

RDWTI1<− s u b s e t (A, i d =="RDWTI" )

GDELT1<− s u b s e t (A, i d =="GDELT" )

# G lo ba l s t a t i s t i c s : Moran ’ s I on t h e number o f t e r r o r i s t a t t a c k s p e r

l o c a t i o n ( " d e n s i t y " )

# In o r d e r t o c a l c u l a t e Moran ’ s I on t h e d e n s i t y o f t e r r o r i s t a t t a c k s (

based on t e r r o r i s t e v e n t s on ly so i t does n o t t a k e i n t o a c c o u n t

o b s e r v a t i o n s wi th no t e r r o r i s t a t t a c k s )

# F i r s t : c r e a t i n g anew v a r i a b l e which c o u n t s t h e number o f e v e n t s wi th

s i m i l a r l a t i t u d e and l o n g i t u d e

GTDdens<−ddp ly (GTD1 , . ( l a t i t u d e , l o n g i t u d e ) , nrow )

GDELTdens<−ddp ly (GDELT1 , . ( l a t i t u d e , l o n g i t u d e ) , nrow )

RDWTIdens<−ddp ly (RDWTI1 , . ( l a t i t u d e , l o n g i t u d e ) , nrow )

# compute s p a t i a l we i gh t and Moran ’ s I f o r GTD1 ( i n v e r s e d i s t a n c e method )

# d i s t a n c e on s p h e r e ( H a v e r s i n e method )

GTDpt<−c b i n d ( GTDdens$ l o n g i t u d e , GTDdens$ l a t i t u d e )

GTDd <− d i s t m ( GTDpt , GTDpt , fun = d i s t H a v e r s i n e ) # p r o v i d e s d i s t a n c e i n

me te r .

GTDd . i n v <− 1 / GTDd

d i a g (GTDd . i n v ) <− 0

wGTD<−GTDd . i n v

#Moran ’ s I f o r d e n s i t y

IGTD<−Moran . I ( GTDdens$V1 , wGTD, s c a l e d = TRUE)

# compute s p a t i a l we i gh t and Moran ’ s I f o r RDWTI1

RDWTIpt<−c b i n d ( RDWTIdens$ l o n g i t u d e , RDWTIdens$ l a t i t u d e )

RDWTId <− d i s t m ( RDWTIpt , RDWTIpt , fun = d i s t H a v e r s i n e ) # p r o v i d e s d i s t a n c e

i n me te r .

RDWTId . i n v <− 1 / RDWTId

d i a g (RDWTId . i n v ) <− 0

wRDWTI<−RDWTId . i n v

#Moran ’ s I f o r d e n s i t y

IRDWTI<−Moran . I ( RDWTIdens$V1 , wRDWTI, s c a l e d = TRUE)

# compute s p a t i a l we i gh t and Moran ’ s I f o r GDELT1

GDELTpt<−c b i n d ( GDELTdens$ l o n g i t u d e , GDELTdens$ l a t i t u d e )
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GDELTd <− d i s t m ( GDELTpt , GDELTpt , fun = d i s t H a v e r s i n e ) # p r o v i d e s d i s t a n c e

i n me te r .

GDELTd . i n v <− 1 / GDELTd

d i a g (GDELTd . i n v ) <− 0

wGDELT<−GDELTd . i n v

#Moran ’ s I f o r d e n s i t y

IGDELT<−Moran . I ( GDELTdens$V1 , wGDELT, s c a l e d = TRUE)

IGTD ; IRDWTI ; IGDELT

# Second a p p r o a c h : t h r e s h o l d d i s t a n c e : d i s r e g a r d i n g p o i n t s f u r t h e r t h a n

1000 km wi th a b i n a r y d i s t a n c e m a t r i x

GTDd2<− (GTDd > 0 & GTDd <= 1000000)

I2GTD<−Moran . I ( GTDdens$V1 , GTDd2)

RDWTId2<− (RDWTId > 0 & RDWTId <= 1000000)

I2RDWTI<−Moran . I ( RDWTIdens$V1 , RDWTId2)

GDELTd2<− (GDELTd > 0 & GDELTd <= 1000000)

I2GDELT<−Moran . I ( GDELTdens$V1 , GDELTd2)

#Moran ’ s I f o r d e n s i t y wi th l i m i t d i s t a n c e o f 1000 km

I2GTD ; I2RDWTI ; I2GDELT

# r o b u s t n e s s t e s t

# # n o t r e p o r t e d i n t h e s i s ( r e s u l t s a r e n o t a f f e c t e d )

# Moran ’ s I f o r d e n s i t y wi th l i m i t d i s t a n c e o f 500 km

# GTDd3<− (GTDd > 0 & GTDd <= 500000)

# I3GTD<−Moran . I ( GTDdens$V1 , GTDd3)

# RDWTId3<− (RDWTId > 0 & RDWTId <= 500000)

# I3RDWTI<−Moran . I ( RDWTIdens$V1 , RDWTId3)

# GDELTd3<− (GDELTd > 0 & GDELTd <= 500000)

# I3GDELT<−Moran . I ( GDELTdens$V1 , GDELTd3)

# Moran ’ s I f o r d e n s i t y wi th l i m i t d i s t a n c e o f 200 km

# I3GTD ; I3RDWTI ; I3GDELT

# GTDd4<− (GTDd > 0 & GTDd <= 200000)

# I4GTD<−Moran . I ( GTDdens$V1 , GTDd4)

# RDWTId4<− (RDWTId > 0 & RDWTId <= 200000)

# I4RDWTI<−Moran . I ( RDWTIdens$V1 , RDWTId4)

# GDELTd4<− (GDELTd > 0 & GDELTd <= 200000)

# I4GDELT<−Moran . I ( GDELTdens$V1 , GDELTd4)

#I4GTD ; I4RDWTI ; I4GDELT

# Loca l s t a t i s t i c s : l o c a l Geary i n d e x G* i based on PRIO u n i t o f

o b s e r v a t i o n
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# f i r s t i n t e r s e c t PRIO wi th t h e s t u d y a r e a

# r e a d PRIOworld which i s t h e i n t e r s e c t i o n o f PRIO wi th t h e s t u d y a r e a +

a r e a c a l c u l a t e d i n QGIS

PRIO <− r e a d S h a p e S p a t i a l ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n /

StAndrews / PhD / PhD_ArcGIS / World map / PRIOworld . shp " )

p r o j 4 s t r i n g ( PRIO )<−CRS( "+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84

=0 ,0 ,0+ e l l p s =WGS84" )

PRIO <− PRIO [ PRIO@data$ a r e a > 0 . 0 2 5 , ] # d e l e t e s m a l l p o l yg o n s

# l o c a l Geary i n d e x G* i f o r GDELT

# c r e a t e s p a t i a l p o i n t s from GDELT

GDELTpts<−S p a t i a l P o i n t s ( c b i n d (GDELT1$ l o n g i t u d e , GDELT1$ l a t i t u d e ) )

p r o j 4 s t r i n g ( GDELTpts )<−CRS( "+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84

=0 ,0 ,0+ e l l p s =WGS84" )

# keep PRIO p o l y go n s t h a t i n t e r s e c t w i th GDELT p o i n t s

PRIOGDELT<−PRIO [ GDELTpts , ]

# c a l c u l a t e nb . p o i n t s i n each polygon

GDELTPRIO<−po ly . c o u n t s ( GDELTpts , PRIOGDELT)

# add t h e new v a r i a b l e t o s p a t i a l po lygon PRIOGDELT

PRIOGDELT$nb<−GDELTPRIO

# c r e a t e and add d e n s i t y v a r i a b l e t o s p a t i a l po lygon PRIOGDELT based on

a r e a o f po lygon

PRIOGDELT$ d e n s i t y<−PRIOGDELT$nb / PRIOGDELT$ a r e a

# t r a n s f o r m as a d a t a f r a m e

GDELTdf<−as . d a t a . f rame (PRIOGDELT)

# e x t r a c t c o o r d i n a t e s GDELT i n PRIO

GDELTxy <− c b i n d ( GDELTdf$ xcoord , GDELTdf$ ycoord )

# c r e a t e f i r s t n e i g h b o u r t o o b t a i n max d i s t a n c e ( s e e Bivand Jan 2015)

GDELTnb <− knn2nb ( k n e a r n e i g h (GDELTxy , k = 1) )

# f i n d min d i s t a n c e t o have one n e i g h b o u r

d s t s <− u n l i s t ( n b d i s t s (GDELTnb , GDELTxy) )

maxGDELT<−max ( d s t s ) #max : 3 1 . 3 8 ( dec . d e g r e e ) so t a k e max of GDELT

# c a l c u l a t e d i s t a n c e −based n e i g h b o u r based on 1 * min d i s t a n c e t o have

one n e i g h b o u r ( i n o r d e r t h a t i t works f o r GDELT and GDELT as w e l l )

GDELTnb <− d n e a r n e i g h (GDELTxy , d1 = 0 , d2 = 1 * maxGDELT)

# c a l c u l a t e t h e l o c a l G

GDELTw<−n b 2 l i s t w ( i n c l u d e . s e l f (GDELTnb) ) # i n c l u d e . s e l f t o o b t a i n G*
G s t a r _GDELT<− l o c a l G ( GDELTdf$ d e n s i t y , GDELTw, z e r o . p o l i c y =NULL, spChk=

NULL)

# p o s i t i v e v a l u e s i n d i c a t e c l u s t e r i n g o f h igh v a l u e s and n e g a t i v e a r e

c l u s t e r i n g o f low v a l u e s ( h e r e t h e d e n s i t y )
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# Under t h e n u l l h y p o t h e s i s t h a t t h e r e i s no a s s o c i a t i o n , t h e e x p e c t a t i o n

v a l u e i s 0 , t h e v a r i a n c e i s 1 . I f t h e u n d e r l y i n g d a t a a r e n o r m a l l y

d i s t r i b u t e d , we can c o n s i d e r t h e i r v a l u e s as s t a n d a r d v a r i a t e s .

# l o c a l Geary i n d e x G* i f o r GTD

# c r e a t e s p a t i a l p o i n t s from GTD

GTDpts<−S p a t i a l P o i n t s ( c b i n d (GTD1$ l o n g i t u d e , GTD1$ l a t i t u d e ) )

p r o j 4 s t r i n g ( GTDpts )<−CRS( "+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84

=0 ,0 ,0+ e l l p s =WGS84" )

# keep PRIO p o l y go n s t h a t i n t e r s e c t w i th GTD p o i n t s

PRIOGTD<−PRIO [ GTDpts , ]

# c a l c u l a t e nb . p o i n t s i n each polygon

GTDPRIO<−po ly . c o u n t s ( GTDpts , PRIOGTD)

# add t h e new v a r i a b l e t o s p a t i a l po lygon PRIOGTD

PRIOGTD$nb<−GTDPRIO

# c r e a t e and add d e n s i t y v a r i a b l e t o s p a t i a l po lygon PRIOGTD based on

a r e a o f po lygon

PRIOGTD$ d e n s i t y<−PRIOGTD$nb / PRIOGTD$ a r e a

# t r a n s f o r m as a d a t a f r a m e

GTDdf<−as . d a t a . f rame (PRIOGTD)

# e x t r a c t c o o r d i n a t e s GTD i n PRIO

GTDxy <− c b i n d ( GTDdf$ xcoord , GTDdf$ ycoord )

# c r e a t e f i r s t n e i g h b o u r t o o b t a i n max d i s t a n c e ( s e e Bivand Jan 2015)

GTDnb <− knn2nb ( k n e a r n e i g h ( GTDxy , k = 1) )

# f i n d min d i s t a n c e t o have one n e i g h b o u r

d s t s <− u n l i s t ( n b d i s t s ( GTDnb , GTDxy) )

maxGTD<−max ( d s t s )

i f (maxGDELT > maxGTD) maxGTD <− maxGDELT

# c a l c u l a t e d i s t a n c e −based n e i g h b o u r based on 1 * min d i s t a n c e t o have

one n e i g h b o u r ( i n o r d e r t h a t i t works f o r RDWTi and GDELT as w e l l )

GTDnb <− d n e a r n e i g h ( GTDxy , d1 = 0 , d2 = 1 * maxGTD)

# c a l c u l a t e t h e l o c a l G

GTDw<−n b 2 l i s t w ( i n c l u d e . s e l f (GTDnb) ) # i n c l u d e . s e l f t o o b t a i n G*
G s t a r _GTD<− l o c a l G ( GTDdf$ d e n s i t y , GTDw, z e r o . p o l i c y =NULL, spChk=NULL)

# l o c a l Geary i n d e x G* i f o r RDWTI

# c r e a t e s p a t i a l p o i n t s from RDWTI

RDWTIpts<−S p a t i a l P o i n t s ( c b i n d (RDWTI1$ l o n g i t u d e , RDWTI1$ l a t i t u d e ) )

p r o j 4 s t r i n g ( RDWTIpts )<−CRS( "+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84

=0 ,0 ,0+ e l l p s =WGS84" )
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# keep PRIO p o l y go n s t h a t i n t e r s e c t w i th RDWTI p o i n t s

PRIORDWTI<−PRIO [ RDWTIpts , ]

# c a l c u l a t e nb . p o i n t s i n each polygon

RDWTIPRIO<−po ly . c o u n t s ( RDWTIpts , PRIORDWTI)

# add t h e new v a r i a b l e t o s p a t i a l po lygon PRIORDWTI

PRIORDWTI$nb<−RDWTIPRIO

# c r e a t e and add d e n s i t y v a r i a b l e t o s p a t i a l po lygon PRIORDWTI based on

a r e a o f po lygon

PRIORDWTI$ d e n s i t y<−PRIORDWTI$nb / PRIORDWTI$ a r e a

# t r a n s f o r m as a d a t a f r a m e

RDWTIdf<−as . d a t a . f rame (PRIORDWTI)

# e x t r a c t c o o r d i n a t e s RDWTI i n PRIO

RDWTIxy <− c b i n d ( RDWTIdf$ xcoord , RDWTIdf$ ycoord )

# c r e a t e f i r s t n e i g h b o u r t o o b t a i n max d i s t a n c e ( s e e Bivand Jan 2015)

RDWTInb <− knn2nb ( k n e a r n e i g h (RDWTIxy , k = 1) )

# f i n d min d i s t a n c e t o have one n e i g h b o u r

d s t s <− u n l i s t ( n b d i s t s (RDWTInb , RDWTIxy) )

maxRDWTI<−max ( d s t s ) #max : 2 3 . 6 ( dec . d e g r e e ) so t a k e max of GTD

i f (maxGDELT > maxRDWTI) maxRDWTI <− maxGDELT

# c a l c u l a t e d i s t a n c e −based n e i g h b o u r based on 1 * min d i s t a n c e t o have

one n e i g h b o u r ( i n o r d e r t h a t i t works f o r RDWTi and GDELT as w e l l )

RDWTInb <− d n e a r n e i g h (RDWTIxy , d1 = 0 , d2 = 1 * maxRDWTI)

# c a l c u l a t e t h e l o c a l G

RDWTIw<−n b 2 l i s t w ( i n c l u d e . s e l f (RDWTInb) ) # i n c l u d e . s e l f t o o b t a i n G*
G s t a r _RDWTI<− l o c a l G ( RDWTIdf$ d e n s i t y , RDWTIw, z e r o . p o l i c y =NULL, spChk=

NULL)

#z−s c o r e o u t s i d e + / −1.96 s i g n i f y c l u s t e r w i th 5% a l p h a

#z−s c o r e o u t s i d e + / −2.576 s i g n i f y c l u s t e r w i th 1% a l p h a

# G e t i s t e s t s

# add G−s t a r v a l u e s t o d a t a . f rame

RDWTIdf$ G s t a r<−m a t r i x ( G s t a r _RDWTI)

GDELTdf$ G s t a r<−m a t r i x ( G s t a r _GDELT)

GTDdf$ G s t a r<−m a t r i x ( G s t a r _GTD)

# e x t r a c t on ly i f v a l u e s a r e above or below c r i t i c a l v a l u e s wi th a l p h a=5%

and 1%

RDWTIgsH <− RDWTIdf [ RDWTIdf$ Gs ta r > 2 . 5 7 6 , ]

GTDgsH <− GTDdf [ GTDdf$ Gs ta r > 2 . 5 7 6 , ]

GDELTgsH <− GDELTdf [ GDELTdf$ Gs ta r > 2 . 5 7 6 , ]

GTDgsl <− GTDdf [ which ( GTDdf$ G s t a r<−1 . 9 6 & GTDdf$ Gs ta r >−2.576) , ]
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# p l o t

p l o t ( s t u d y a r e a )

p o i n t s (GDELTgsH$ xcoord , GDELTgsH$ ycoord , cex = 0 . 7 , pch =3 , c o l =" g r e e n " )

p o i n t s (RDWTIgsH$ xcoord , RDWTIgsH$ ycoord , cex = 0 . 7 , pch =2 , c o l =" r e d " )

p o i n t s (GTDgsH$ xcoord , GTDgsH$ ycoord , cex = 0 . 7 , pch =1 , c o l =" b l a c k " )

# look a t min / max l a t i t u d e / l o n g i t u d e o f h igh v a l u e c l u s t e r s

summary (GDELTgsH$ xcoord ) ; summary (RDWTIgsH$ xcoord ) ; summary (GTDgsH$ xcoord )

summary (GTDgsH$ ycoord ) ; summary (RDWTIgsH$ ycoord ) ; summary (GDELTgsH$ ycoord )

# ######################################################################

save . image ( "~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / ALL/ Moran . RData " )

# p l o t f o r t h e s i s

pdf ( " c l u s t e r . pdf " , wid th =7 , h e i g h t =7)

op <− p a r ( mar = c ( 4 . 2 , 1 , 0 . 0 , 4 . 4 ) + 0 . 2 ) #mar : bottom , l e f t , top , r i g h t

a <− m a t r i x ( 0 , nrow =105 , n c o l =105)

image ( seq ( −20 ,85 , by =1) , seq ( −20 ,85 , by =1) , a , c o l =" w h i t e " , y l a b =" " , x l a b =" " ,

y a x t = " n " , x a x t = " n " )

p l o t ( s t u d y a r e a , add=TRUE, x l im =c ( −20 ,85) , y l im =c ( −20 ,85) , y a x t = " n " )

a x i s ( 4 , c o l = " b l a c k " , l t y = 1 , lwd = 1)

a x i s ( 1 , c o l = " b l a c k " , l t y = 1 , lwd = 1)

p o i n t s (GDELTgsH$ xcoord , GDELTgsH$ ycoord , cex = 0 . 7 , pch =3 , c o l =" g r e e n " )

p o i n t s (RDWTIgsH$ xcoord , RDWTIgsH$ ycoord , cex = 0 . 7 , pch =2 , c o l =" r e d " )

p o i n t s (GTDgsH$ xcoord , GTDgsH$ ycoord , cex = 0 . 7 , pch =1 , c o l =" b l a c k " )

mtex t ( " l a t i t u d e " , s i d e = 4 , l i n e = 3 , cex = p a r ( " cex . l a b " ) )

mtex t ( " l o n g i t u d e " , s i d e = 1 , l i n e = 3 , cex = p a r ( " cex . l a b " ) )

p a r ( op )

dev . o f f ( )

B.4 Point Process: First-Order Spatial Statistics

This code generates first-order spatial statistics in ❘.

#The g o a l o f t h i s p r o c e s s i s t o g e n e r a t e f i r s t o r d e r measu res based on

d a t a b a s e s on t e r r o r i s m

# 1 : i n i t i a l i s a t i o n

se twd ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R" )

r e q u i r e ( r g e o s )

r e q u i r e ( mapdata )

r e q u i r e ( m a p to o l s )

r e q u i r e ( r g d a l )
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r e q u i r e ( s p a t s t a t )

r e q u i r e ( r g d a l )

ALL<− r e a d . csv ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / A l l / ALL . csv " , h e a d e r = TRUE, dec=" . " , na . s t r i n g s =c ( " " , "NA" ) )

# L l i n p a l c o l

l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / S T b i n o m i a l t o t a l / L l i n p a l

. RData " ) # l o a d custom p a l e t t e

#STUDY AREA & OBSERVATION WINDOW

# I t r e a d s an OGR d a t a s o u r c e and l a y e r i n t o a s u i t a b l e S p a t i a l v e c t o r

o b j e c t . Th i s i s t h e a g g r e g a t e map of t h e s t u d y a r e a ( s i m p l i f i e d

po lygon ) .

wor ld . map <− r e a d S h a p e S p a t i a l ( "C : / Use r s / apy thon / Documents / Andre /

E d u c a t i o n / StAndrews / PhD / PhD_ArcGIS / World map / wor ld . shp " )

p r o j 4 s t r i n g ( wor ld . map )<−CRS( "+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84

=0 ,0 ,0+ e l l p s =WGS84" )

s t u d y a r e a <− world . map [ wor ld . map$F_AREA > 9000000000 , ] # d e l e t e s m a l l

p o l y go n s

r e c t a n g<− r b i n d ( c ( −20 ,80) , c ( −40 ,40) )

# change i t s p r o j e c t i o n i n o r d e r t o have km as u n i t

s t u d y a r e a <− spTr ans fo rm ( s t u d y a r e a , CRS=CRS( "+ p r o j =merc + e l l p s =WGS84 +

u n i t s =km" ) )

# V i s u a l check i f t h e r e i s no d u p l i c a t e s v e r t i c e s b e f o r e a n a l y s i s

# s p a t s t a t . o p t i o n s ( c h e c k p o l y g o n s =T )

# #The c l a s s " owin " i s a way of s p e c i f y i n g t h e obs . window f o r a p o i n t

p a t t e r n

# W. owin<−as . owin ( s t u d y a r e a ) # W. owin becomes t h e obs . window

# # polygon wi th d u p l i c a t e d v e r t i c e s t o be i d e n t i f i e d

# l i b r a r y ( r g e o s )

# g I s V a l i d ( s t u d y a r e a )

# p l o t ( s t u d y a r e a , c o l = " g re y " )

# p o i n t s ( −14773.21050087 , 7143 .1259033899996 , pch = 3 , cex = 3 , c o l = "

r e d " )

# a x i s ( 1 ) ; a x i s ( 2 ) ; box ( )

# d e l e t e po lygon num50

s t u d y a r e a <− s t u d y a r e a [ −50 ,]

# end check : po lygon num50 i s d e l e t e d

W. owin<−as . owin ( s t u d y a r e a )

summary (W. owin )

#TERRORISM DATA PREPARATION

r e q u i r e ( " f o r e i g n " )
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# C r e a t i n g a s u b s e t 2002−2009 t o compare a l l d a t a b a s e s

# t r a n s f o r m i n g p r o j e c t i o n : d e g r e e t o km

c o o r d i n a t e s (ALL) <− c ( " l o n g i t u d e " , " l a t i t u d e " )

p r o j 4 s t r i n g (ALL) <− CRS( "+ p r o j = l o n g l a t " )

ALL<−spTrans fo rm (ALL, CRS( "+ p r o j =merc + e l l p s =WGS84 + u n i t s =km" ) )

A <− s u b s e t (ALL, y e a r > 2001 & y e a r < 2010)

# s p l i t t i n A i n t o t h e f o u r o r i g i n a l d a t a b a s e s

GTD<− s u b s e t (A, i d =="GTD" )

RDWTI<− s u b s e t (A, i d =="RDWTI" )

GDELT<− s u b s e t (A, i d =="GDELT" )

# e x t r a c t i n g l a t i t u d e , l o n g i t u d e

GTDla<−GTD$ l a t i t u d e

GTDlo<−GTD$ l o n g i t u d e

RDWTIla<−RDWTI$ l a t i t u d e

RDWTIlo<−RDWTI$ l o n g i t u d e

GDELTla<−GDELT$ l a t i t u d e

GDELTlo<−GDELT$ l o n g i t u d e

# c r e a t i n g a two−d i m e n s i o n a l p o i n t p a t t e r n o b j e c t

# ( marks c o u l d be o p t i o n a l l y added )

GTDp<−ppp ( GTDlo , GTDla , window=W. owin )

RDWTIp<−ppp ( RDWTIlo , RDWTIla , window=W. owin )

GDELTp<−ppp ( GDELTlo , GDELTla , window=W. owin )

# keep p o i n t s i n s i d e t h e s t u d y a r e a ( d e l e t e t h o s e n o t p r e c i s e l y

g e o l o c a l i s e d )

GTDp<−GTDp[W. owin ]

RDWTIp<−RDWTIp[W. owin ]

GDELTp<−GDELTp[W. owin ]

# p l o t p o i n t p a t t e r n s ( v i s u a l check )

# p l o t (GTDp, pch =20 , cex = 0 . 3 )

# p l o t (RDWTIp , pch =20 , cex = 0 . 3 )

# p l o t (GDELTp , pch =20 , cex = 0 . 3 )

#FIRST−ORDER CALCULATION

summary (GTDp)

summary (RDWTIp)

summary (GDELTp)

#window= 325 .709 mio km2

#OPTIONAL ( n o t done h e r e )

# # s c a l e t h e ppp i n o r d e r t o o b t a i n PRIO−GRID u n i t ( one c e l l ~55kmX55km)
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# RDWTIp <− r e s c a l e (RDWTIp , 55 , un i tname = "PRIO " ) # from 1km t o 55km

# GDELTp <− r e s c a l e (GDELTp , 55 , un i tname = "PRIO " ) # from 1km t o 55km

# GTDp <− r e s c a l e (GTDp, 55 , un i tname = "PRIO " ) # from 1km t o 55km

d1<−d e n s i t y . ppp (RDWTIp , s igma =150 , eps =50) # use t h i s i f r e s c a l e d sigma =10 ,

eps =1

d2<−d e n s i t y . ppp (GDELTp , s igma =150 , eps =50)

d3<−d e n s i t y . ppp (GTDp, s igma =150 , eps =50)

d1$v<− l o g ( d1$v ) # f o r p l o t t i n g

d2$v<− l o g ( d2$v ) # f o r p l o t t i n g ( use l o g )

d3$v<− l o g ( d3$v ) # f o r p l o t t i n g ( use l o g )

# compute d e n s i t y wi th o t h e r bandwid th ( s igma change )

d1b<−d e n s i t y . ppp (RDWTIp , s igma =300 , eps =50)

d2b<−d e n s i t y . ppp (GDELTp , s igma =300 , eps =50)

d3b<−d e n s i t y . ppp (GTDp, s igma =300 , eps =50)

d1b$v<− l o g ( d1b$v ) # f o r p l o t t i n g

d2b $v<− l o g ( d2b$v ) # f o r p l o t t i n g ( use l o g )

d3b $v<− l o g ( d3b$v ) # f o r p l o t t i n g ( use l o g )

# f i n d min / max of a l l d e n s i t y maps

mind<−mind<−min ( min ( d3$v , na . rm=TRUE) , min ( d2$v , na . rm=TRUE) , min ( d1$v , na . rm

=TRUE) ,

min ( d3b$v , na . rm=TRUE) , min ( d2b $v , na . rm=TRUE) , min ( d1b$v , na . rm=

TRUE) )

maxd<−max ( max ( d3$v , na . rm=TRUE) , max ( d2$v , na . rm=TRUE) , max ( d1$v , na . rm=TRUE)

,

max ( d3b $v , na . rm=TRUE) , max ( d2b$v , na . rm=TRUE) , max ( d1b$v , na . rm=

TRUE) )

r e q u i r e ( f i e l d s )

l i b r a r y ( " c o l o r s p a c e " )

b r e a k s<−seq ( mind , maxd +2 , by =2)

n<− l e n g t h ( b r e a k s )−1

dev . o f f ( )

p l o t . new ( )

mypath= p a s t e ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

r e v i s i o n / r e v i s e d P h D t h e s i s / C h a p t e r 4 / F i g s / PDF / DensityRDWTI . pdf " )

pdf ( f i l e =mypath , o n e f i l e =FALSE , wid th =21 , h e i g h t =8 , p a p e r =" s p e c i a l " )

p a r ( cex =3 , mar=c ( 0 , 0 , 0 , 2 ) + 0 . 1 ) #mar : c ( bottom , l e f t , top , r i g h t )

image ( d1 , c o l = r e v ( h e a t _ h c l ( n , c = c ( 3 0 0 , 0 ) , power = c ( 3 5 , 8 ) ) ) , main=" " ,

z l im =c ( mind , maxd ) , b r e a k s = b r e a k s )

p l o t ( s t u d y a r e a , lwd =1 , add=TRUE)
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dev . o f f ( )

# p l o t

dev . o f f ( )

p l o t . new ( )

mypath= p a s t e ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

r e v i s i o n / r e v i s e d P h D t h e s i s / C h a p t e r 4 / F i g s / PDF / DensityRDWTI2 . pdf " )

pdf ( f i l e =mypath , o n e f i l e =FALSE , wid th =21 , h e i g h t =8 , p a p e r =" s p e c i a l " )

p a r ( cex =3 , mar=c ( 0 , 0 , 0 , 2 ) + 0 . 1 ) #mar : c ( bottom , l e f t , top , r i g h t )

# image ( d1 , c o l =" b l a c k " , main = " " , axe s =FALSE)

image ( d1b , c o l = r e v ( h e a t _ h c l ( n , c = c ( 3 0 0 , 0 ) , power = c ( 3 5 , 8 ) ) ) , main=" " ,

z l im =c ( mind , maxd ) , b r e a k s = b r e a k s )

p l o t ( s t u d y a r e a , lwd =1 , add=TRUE)

dev . o f f ( )

# p l o t

dev . o f f ( )

p l o t . new ( )

mypath= p a s t e ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

r e v i s i o n / r e v i s e d P h D t h e s i s / C h a p t e r 4 / F i g s / PDF / DensityGDELT . pdf " )

pdf ( f i l e =mypath , o n e f i l e =FALSE , wid th =21 , h e i g h t =8 , p a p e r =" s p e c i a l " )

p a r ( cex =3 , mar=c ( 0 , 0 , 0 , 2 ) + 0 . 1 ) #mar : c ( bottom , l e f t , top , r i g h t )

image ( d2 , c o l = r e v ( h e a t _ h c l ( n , c = c ( 3 0 0 , 0 ) , power = c ( 3 5 , 8 ) ) ) , main=" " ,

z l im =c ( mind , maxd ) , b r e a k s = b r e a k s )

p l o t ( s t u d y a r e a , lwd =1 , add=TRUE)

dev . o f f ( )

# p l o t

dev . o f f ( )

p l o t . new ( )

mypath= p a s t e ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

r e v i s i o n / r e v i s e d P h D t h e s i s / C h a p t e r 4 / F i g s / PDF / DensityGDELT2 . pdf " )

pdf ( f i l e =mypath , o n e f i l e =FALSE , wid th =21 , h e i g h t =8 , p a p e r =" s p e c i a l " )

p a r ( cex =3 , mar=c ( 0 , 0 , 0 , 2 ) + 0 . 1 ) #mar : c ( bottom , l e f t , top , r i g h t )

image ( d2b , c o l = r e v ( h e a t _ h c l ( n , c = c ( 3 0 0 , 0 ) , power = c ( 3 5 , 8 ) ) ) , main=" " ,

z l im =c ( mind , maxd ) , b r e a k s = b r e a k s )

p l o t ( s t u d y a r e a , lwd =1 , add=TRUE)

dev . o f f ( )

# p l o t

dev . o f f ( )

p l o t . new ( )

mypath= p a s t e ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

r e v i s i o n / r e v i s e d P h D t h e s i s / C h a p t e r 4 / F i g s / PDF / DensityGTD . pdf " )
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pdf ( f i l e =mypath , o n e f i l e =FALSE , wid th =21 , h e i g h t =8 , p a p e r =" s p e c i a l " )

p a r ( cex =3 , mar=c ( 0 , 0 , 0 , 2 ) + 0 . 1 ) #mar : c ( bottom , l e f t , top , r i g h t )

image ( d3 , c o l = r e v ( h e a t _ h c l ( n , c = c ( 3 0 0 , 0 ) , power = c ( 3 5 , 8 ) ) ) , main=" " ,

z l im =c ( mind , maxd ) , b r e a k s = b r e a k s )

p l o t ( s t u d y a r e a , lwd =1 , add=TRUE)

dev . o f f ( )

# p l o t

dev . o f f ( )

p l o t . new ( )

mypath= p a s t e ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

r e v i s i o n / r e v i s e d P h D t h e s i s / C h a p t e r 4 / F i g s / PDF / DensityGTD2 . pdf " )

pdf ( f i l e =mypath , o n e f i l e =FALSE , wid th =21 , h e i g h t =8 , p a p e r =" s p e c i a l " )

p a r ( cex =3 , mar=c ( 0 , 0 , 0 , 2 ) + 0 . 1 ) #mar : c ( bottom , l e f t , top , r i g h t )

image ( d3b , c o l = r e v ( h e a t _ h c l ( n , c = c ( 3 0 0 , 0 ) , power = c ( 3 5 , 8 ) ) ) , main=" " ,

z l im =c ( mind , maxd ) , b r e a k s = b r e a k s )

p l o t ( s t u d y a r e a , lwd =1 , add=TRUE)

dev . o f f ( ) ; dev . o f f ( )

# p l o t
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This code generates the pcf function and produces plots in ❘. However, it requires the output

generated in Appendix B.4.

#The g o a l o f t h i s p r o c e s s i s t o g e n e r a t e second o r d e r measu res based on

d a t a b a s e s on t e r r o r i s m

# t h e code i s run i n t h e s e r v e r f l i p p e r ( h igh memory i s r e q u i r e d t o

c a l c u l a t e p c f i n p a r t i c u l a r )

# 1 : i n i t i a l i s a t i o n

se twd ( " / home / a n d r e / R / s e c o n d o r d e r " ) # f l i p p e r home f i l e

# a l r e a d y pre− i n s t a l l e d

l i b r a r y ( s p a t s t a t , l i b . l o c =" / home / a n d r e / R / x86 _64− r e d h a t−l i n u x−gnu− l i b r a r y /

3 . 1 " )

l i b r a r y ( f o r e i g n , l i b . l o c =" / home / a n d r e / R / x86_64− r e d h a t−l i n u x−gnu− l i b r a r y /

3 . 1 " )

l i b r a r y ( maptoo ls , l i b . l o c =" / home / a n d r e / R / x86_64− r e d h a t−l i n u x−gnu− l i b r a r y /

3 . 1 " )

l i b r a r y ( sp , l i b . l o c =" / home / a n d r e / R / x86 _64− r e d h a t−l i n u x−gnu− l i b r a r y / 3 . 1 " )

# r e q u i r e ( RandomFields ) # does n o t work
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l o a d ( " / home / a n d r e / R / SPDE / SPDE . RData " ) # c o n t a i n s s t u d y a rea , mesh ,

c o v a r i a t e s

ALL<− r e a d . csv ( "ALL . csv " , h e a d e r = TRUE, dec=" . " , na . s t r i n g s =c ( " " , "NA" ) )

l o a d ( " / home / a n d r e / R / s e c o n d o r d e r /W. owin . RData " ) # c o n t a i n s s t u d y a r e a wi th

t r a n s f o r m e d p r o j e c t i o n

#STUDY AREA & OBSERVATION WINDOW

p r o j 4 s t r i n g ( wor ld . map )<−CRS( "+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84

=0 ,0 ,0+ e l l p s =WGS84" )

s t u d y a r e a <− world . map [ wor ld . map$F_AREA > 9000000000 , ] # d e l e t e s m a l l

p o l y g on s

#Check i f t h e r e i s no d u p l i c a t e s v e r t i c e s b e f o r e a n a l y s i s

# s p a t s t a t . o p t i o n s ( c h e c k p o l y g o n s =T )

# #The c l a s s " owin " i s a way of s p e c i f y i n g t h e obs . window f o r a p o i n t

p a t t e r n

# W. owin<−as . owin ( s t u d y a r e a ) # W. owin becomes t h e obs . window

# # polygon wi th d u p l i c a t e d v e r t i c e s t o be i d e n t i f i e d

# l i b r a r y ( r g e o s )

# g I s V a l i d ( s t u d y a r e a )

# p l o t ( s t u d y a r e a , c o l = " g re y " )

# p o i n t s ( −14773.21050087 , 7143 .1259033899996 , pch = 3 , cex = 3 , c o l = "

r e d " )

# a x i s ( 1 ) ; a x i s ( 2 ) ; box ( )

# d e l e t e po lygon num50

s t u d y a r e a <− s t u d y a r e a [ −50 ,]

# end check : po lygon num50 i s d e l e t e d #

s t u d y a r e a <− spTrans fo rm ( s t u d y a r e a , CRS=CRS( ’+ p r o j =merc + e l l p s =WGS84 +

u n i t s =km ’ ) )

s p a t s t a t . o p t i o n s ( c h e c k p o l y g o n s =T )

# c r e a t e a b u f f e r zone around t h e c o a s t l i n e s i n o r d e r t o i n c l u d e a l l

a c c u r a t e l y g e o l o c a l i s e d p o i n t s i n t h e p r o c e s s

s t u d y a r e a <−g B u f f e r ( s t u d y a r e a , wid th =50)

#The c l a s s " owin " i s a way of s p e c i f y i n g t h e obs . window f o r a p o i n t

p a t t e r n

W. owin<−as . owin ( s t u d y a r e a ) # W. owin becomes t h e obs . window

#TERRORISM DATA PREPARATION

#we c r e a t e a s u b s e t 2002−2009 t o compare a l l d a t a b a s e s

# t r a n s f o r m i n g p r o j e c t i o n : d e g r e e t o km

c o o r d i n a t e s (ALL) <− c ( " l o n g i t u d e " , " l a t i t u d e " )
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p r o j 4 s t r i n g (ALL) <− CRS( "+ p r o j = l o n g l a t " )

ALL<−spTrans fo rm (ALL, CRS( "+ p r o j =merc + e l l p s =WGS84 + u n i t s =km" ) )

A <− s u b s e t (ALL, y e a r > 2001 & y e a r < 2010)

#we s p l i t A i n t o t h e f o u r o r i g i n a l d a t a b a s e s

GTD<− s u b s e t (A, i d =="GTD" )

RDWTI<− s u b s e t (A, i d =="RDWTI" )

GDELT<− s u b s e t (A, i d =="GDELT" )

# E x t r a c t i n g l a t i t u d e , l o n g i t u d e

GTDla<−GTD$ l a t i t u d e

GTDlo<−GTD$ l o n g i t u d e

RDWTIla<−RDWTI$ l a t i t u d e

RDWTIlo<−RDWTI$ l o n g i t u d e

GDELTla<−GDELT$ l a t i t u d e

GDELTlo<−GDELT$ l o n g i t u d e

# C r e a t i n g a two−d i m e n s i o n a l p o i n t p a t t e r n o b j e c t ( marks c o u l d be

o p t i o n a l l y added )

GTDp<−ppp ( GTDlo , GTDla , window=W. owin )

RDWTIp<−ppp ( RDWTIlo , RDWTIla , window=W. owin )

GDELTp<−ppp ( GDELTlo , GDELTla , window=W. owin )

#some p o i n t s a r e r e j e c t e d b e c a u s e t h e r e a r e o u t s i d e t h e s t u d y a r e a ( n o t

w e l l l o c a l i s e d o r on t o o s m a l l i s l a n d s which a r e n o t t a k e n i n t o

a c c o u n t )

# v i s u a l i s i n g p o i n t s o u t s i d e t h e window

# i s i n <− i n s i d e . owin ( x=GTD@coords [ , 1 ] , y=GTD@coords [ , 2 ] ,w=W. owin )

# p o i n t _ i n <− GTD[ i s i n , ]

# p o i n t _ o u t <− GTD[ ! i s i n , ]

# p l o t (W. owin )

# # p o i n t s (GTDp)

# p o i n t s ( p o i n t _ out , c o l =" r e d " , cex = 1 )

# p o i n t s ( p o i n t _ in , c o l =" g r e e n " , cex = 1 )

# v i s u a l i s i n g p o i n t s o u t s i d e t h e window

#K−f u n c t i o n ( n o t r e p o r t e d − l e s s i n f o r m a t i v e t h a n t h e p c f )

# KGDELT<−Kest (GDELTp , c o r r e c t i o n =" b o r d e r " ) # i f nb . p o i n t s i s l a r g e −>

f a s t e r

# KGTD<−Kest (GTDp , c o r r e c t i o n =" b o r d e r " ) # i f nb . p o i n t s i s l a r g e −> f a s t e r

# KRDWTI<−Kest (RDWTIp , c o r r e c t i o n =" b o r d e r " ) # i f nb . p o i n t s i s l a r g e −>

f a s t e r

#L−f u n c t i o n
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# LGDELT<−L e s t (GDELTp , c o r r e c t i o n =" b o r d e r " ) # i f nb . p o i n t s i s l a r g e −>

f a s t e r

# LGTD<−L e s t (GTDp, c o r r e c t i o n =" b o r d e r " ) # i f nb . p o i n t s i s l a r g e −> f a s t e r

# LRDWTI<−L e s t (RDWTIp , c o r r e c t i o n =" b o r d e r " ) # i f nb . p o i n t s i s l a r g e −>

f a s t e r

# pcf−f u n c t i o n ( zoom from 0 t o 5000 km)

# c r e a t i n g v e c t o r r i n which p c f i s e v a l u a t e d

r1<−as . v e c t o r ( seq ( 0 , 5000 , 500) )

# c r e a t i n g t h e f u n c t i o n p c f

GDELTpcf1<−p c f . ppp (GDELTp , bw= 1 , r =r1 , c o r r e c t i o n =" t r a n s l a t e " )

GTDpcf1<−p c f . ppp (GTDp, bw= 1 , r =r1 , c o r r e c t i o n =" t r a n s l a t e " )

RDWTIpcf1<−p c f . ppp (RDWTIp , bw= 1 , r =r1 , c o r r e c t i o n =" t r a n s l a t e " )

# pcf−f u n c t i o n ( zoom from 0 t o 1000 km)

# c r e a t i n g v e c t o r r i n which p c f i s e v a l u a t e d

r2<−as . v e c t o r ( seq ( 0 , 1000 , 10) )

# c r e a t i n g t h e f u n c t i o n p c f

GDELTpcf2<−p c f . ppp (GDELTp , bw= 1 , r =r2 , c o r r e c t i o n =" t r a n s l a t e " )

GTDpcf2<−p c f . ppp (GTDp, bw= 1 , r =r2 , c o r r e c t i o n =" t r a n s l a t e " )

RDWTIpcf2<−p c f . ppp (RDWTIp , bw= 1 , r =r2 , c o r r e c t i o n =" t r a n s l a t e " )

# pcf−f u n c t i o n ( zoom from 0 t o 100 km)

r3<−as . v e c t o r ( seq ( 0 , 100 , 5 ) )

# c r e a t i n g t h e f u n c t i o n p c f

GDELTpcf3<−p c f . ppp (GDELTp , bw= 1 , r =r3 , c o r r e c t i o n =" t r a n s l a t e " )

GTDpcf3<−p c f . ppp (GTDp, bw= 1 , r =r3 , c o r r e c t i o n =" t r a n s l a t e " )

RDWTIpcf3<−p c f . ppp (RDWTIp , bw= 1 , r =r3 , c o r r e c t i o n =" t r a n s l a t e " )

# o p t i o n a l 95% c o n f i d e n c e i n t e r v a l s f o r K, L , p c f ( on ly p c f i s r e p o r t e d )

# t ime consuming ! ( t o t a l f o r K, L , p c f : 4 . 7 h o u r s )

# #K

# KDTVl<− l o h b o o t (DTVp, fun =" Kes t " , nsim =99 , c o n f i d e n c e = 0 . 9 5 , g l o b a l =FALSE

, t y p e =7)

# KGTDl<− l o h b o o t (GTDp, fun =" Kes t " , nsim =99 , c o n f i d e n c e = 0 . 9 5 , g l o b a l =FALSE

, t y p e =7)

# KGDELTl<− l o h b o o t (GDELTp , fun =" Kes t " , nsim =99 , c o n f i d e n c e = 0 . 9 5 , g l o b a l =

FALSE , t y p e =7)

# KRDWTIl<− l o h b o o t (RDWTIp , fun =" Kes t " , nsim =99 , c o n f i d e n c e = 0 . 9 5 , g l o b a l =

FALSE , t y p e =7)

# #L

# LDTVl<− l o h b o o t (DTVp, fun =" L e s t " , nsim =99 , c o n f i d e n c e = 0 . 9 5 , g l o b a l =FALSE

, t y p e =7)
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# LGTDl<− l o h b o o t (GTDp, fun =" L e s t " , nsim =99 , c o n f i d e n c e = 0 . 9 5 , g l o b a l =FALSE

, t y p e =7)

# LGDELTl<− l o h b o o t (GDELTp , fun =" L e s t " , nsim =99 , c o n f i d e n c e = 0 . 9 5 , g l o b a l =

FALSE , t y p e =7)

# LRDWTIl<− l o h b o o t (RDWTIp , fun =" L e s t " , nsim =99 , c o n f i d e n c e = 0 . 9 5 , g l o b a l =

FALSE , t y p e =7)

# p c f

pcfGTDl<− l o h b o o t (GTDp, fun =" p c f " , nsim =30 , c o n f i d e n c e = 0 . 9 5 , g l o b a l =TRUE,

t y p e =7)

pcfGDELTl<− l o h b o o t (GDELTp , fun =" p c f " , nsim =30 , c o n f i d e n c e = 0 . 9 5 , g l o b a l =

TRUE, t y p e =7)

pcfRDWTIl<− l o h b o o t (RDWTIp , fun =" p c f " , nsim =30 , c o n f i d e n c e = 0 . 9 5 , g l o b a l =

TRUE, t y p e =7)

rm ( l i s t = s e t d i f f ( l s ( ) , c ( " pcfGTDl " , " pcfGDELTl " , " pcfRDWTIl " , "GTDp" , "GDELTp

" , "RDWTIp" ,

" GDELTpcf3 " , " GTDpcf3 " , " RDWTIpcf3 " , " GDELTpcf2 " , " GTDpcf2 " , " RDWTIpcf2 " , "

GDELTpcf1 " , " GTDpcf1 " , " RDWTIpcf1 " ) ) )

# Second−o r d e r

#K−f u n c t i o n

# KGDELT<−Kest (GDELTp , c o r r e c t i o n =" b o r d e r " ) # i f nb . p o i n t s i s l a r g e −>

f a s t e r

# KGTD<−Kest (GTDp , c o r r e c t i o n =" b o r d e r " ) # i f nb . p o i n t s i s l a r g e −> f a s t e r

# KRDWTI<−Kest (RDWTIp , c o r r e c t i o n =" b o r d e r " ) # i f nb . p o i n t s i s l a r g e −>

f a s t e r

# # p l o t K−f u n c t i o n

# c b P a l e t t e <− c ( " # 6 6 6 6 6 6 " , " # 9 9 9 9 9 9 " , " #CCCCCC" ) # c o l o r s d e f i n e d f o r GDELT

,GTD, RDWTI r e s p e c t i v e l y .

#

# p l o t . new ( )

# p a r ( oma=c ( 0 , 0 . 2 , 0 , 0 ) , mar=c ( 4 . 1 , 4 . 5 , 2 . 1 , 0 . 5 ) )

# p l o t (KGDELT, c o l =c ( " # 6 6 6 6 6 6 " , " r e d " ) , main ="K−f u n c t i o n " , l e g e n d =NA,

# cex . t i t l e = 1 . 5 , cex . a x i s = 1 . 1 , cex . l a b = 1 . 3 , lwd=c ( 2 , 2 ) , x l im =c ( 0 , 3000) ,

y l im =c ( 0 , 12 0 00 0 00 0 ) )

# p l o t (KGTD, c o l =c ( " # 9 9 9 9 9 9 " , " # 9 9 9 9 9 9 " ) , lwd=c ( 2 ,NA) , x l im =c ( 0 , 3000) ,

add=T )

# p l o t (KRDWTI, c o l =c ( " #CCCCCC" , " #CCCCCC" ) , lwd=c ( 2 ,NA) , x l im =c ( 0 , 3000) ,

add=T )

# l e g e n d ( " t o p l e f t " , i n s e t = . 0 5 , t i t l e = " " , box . lwd = 0 , box . c o l = " w h i t e " , bg

= " w h i t e " ,
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# c ( "GDELT" , "GTD" , "RDWTI" ) , f i l l =c ( " # 6 6 6 6 6 6 " , " # 9 9 9 9 9 9 " , " #CCCCCC" ) , h o r i z

=TRUE)

# #

# # #L−f u n c t i o n

# LGDELT<−L e s t (GDELTp , c o r r e c t i o n =" b o r d e r " ) # i f nb . p o i n t s i s l a r g e −>

f a s t e r

# LGTD<−L e s t (GTDp, c o r r e c t i o n =" b o r d e r " ) # i f nb . p o i n t s i s l a r g e −> f a s t e r

# LRDWTI<−L e s t (RDWTIp , c o r r e c t i o n =" b o r d e r " ) # i f nb . p o i n t s i s l a r g e −>

f a s t e r

# # # p l o t L−f u n c t i o n

# p l o t . new ( )

# p a r ( oma=c ( 0 , 0 . 2 , 0 , 0 ) , mar=c ( 4 . 1 , 4 . 5 , 2 . 1 , 0 . 5 ) )

# p l o t ( main ="L−f u n c t i o n " , l e g e n d =NA, cex . t i t l e = 1 . 5 , cex . a x i s = 1 . 1 , cex .

l a b = 1 . 3 ,

# LGDELT, c o l =c ( " # 6 6 6 6 6 6 " , " r e d " ) , lwd=c ( 2 , 2 ) , x l im =c ( 0 , 3000) , y l im =c

( 0 , 6 0 0 0 ) )

# p l o t (LGTD, c o l =c ( " # 9 9 9 9 9 9 " , " # 9 9 9 9 9 9 " ) , lwd=c ( 2 ,NA) , x l im =c ( 0 , 3000) ,

add=T )

# p l o t (LRDWTI, c o l =c ( " #CCCCCC" , " #CCCCCC" ) , lwd=c ( 2 ,NA) , x l im =c ( 0 , 3000) ,

add=T )

# l e g e n d ( " t o p l e f t " , i n s e t = . 0 5 , t i t l e = " " , box . lwd = 0 , box . c o l = " w h i t e " , bg

= " w h i t e " ,

# c ( "GDELT" , "GTD" , "RDWTI" ) , f i l l =c ( " # 6 6 6 6 6 6 " , " # 9 9 9 9 9 9 " , " #CCCCCC" ) , h o r i z

=TRUE)

# # p l o t t i n g pcf−f u n c t i o n : r1<−as . v e c t o r ( seq ( 0 , 5000 , 500) )

p l o t . new ( )

p a r ( oma=c ( 0 , 0 . 2 , 0 , 0 ) , mar=c ( 4 . 1 , 4 . 5 , 2 . 1 , 0 . 5 ) )

p l o t ( GDELTpcf1$ r , GDELTpcf1$ t r a n s , c o l =c ( " g r e e n " ) , lwd =2 , t y p e =" l " , y l im =

c ( 0 , 6 5 ) , y l a b =" g ( r ) " , x l a b =" r " )

l i n e s ( GTDpcf1$ r , GTDpcf1$ t r a n s , c o l =c ( " b l a c k " ) , lwd =2)

l i n e s ( RDWTIpcf1$ r , RDWTIpcf1$ t r a n s , c o l =c ( " r e d " ) , lwd =2)

l i n e s ( GTDpcf1$ r , GTDpcf1$ theo , c o l =" g re y " , lwd =2 , l t y =2 )

l e g e n d ( " t o p r i g h t " , i n s e t = . 0 5 , t i t l e =" " , box . lwd = 0 , box . c o l = " w h i t e " , bg

= " w h i t e " ,

c ( "GDELT" , "GTD" , "RDWTI" ) , f i l l =c ( " g r e e n " , " b l a c k " , " r e d " ) , h o r i z =

TRUE)

# p l o t t i n g pcf−f u n c t i o n v . 2 zoom medium : r2<−as . v e c t o r ( seq ( 0 , 1000 , 10) )

p l o t . new ( )
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p a r ( oma=c ( 0 , 0 . 2 , 0 , 0 ) , mar=c ( 4 . 1 , 4 . 5 , 2 . 1 , 0 . 5 ) )

p l o t ( GDELTpcf2$ r , GDELTpcf2$ t r a n s , c o l =c ( " g r e e n " ) , lwd =2 , t y p e =" l " , y l im =

c ( 0 , 3 0 0 0 ) , y l a b =" g ( r ) " , x l a b =" r " )

l i n e s ( GTDpcf2$ r , GTDpcf2$ t r a n s , c o l =c ( " b l a c k " ) , lwd =2)

l i n e s ( RDWTIpcf2$ r , RDWTIpcf2$ t r a n s , c o l =c ( " r e d " ) , lwd =2)

l i n e s ( GTDpcf2$ r , GTDpcf2$ theo , c o l =" g re y " , lwd =2 , l t y =2 )

l e g e n d ( " t o p r i g h t " , i n s e t = . 0 5 , t i t l e =" " , box . lwd = 0 , box . c o l = " w h i t e " , bg

= " w h i t e " ,

c ( "GDELT" , "GTD" , "RDWTI" ) , f i l l =c ( " g r e e n " , " b l a c k " , " r e d " ) , h o r i z =

TRUE)

# p l o t t i n g pcf−f u n c t i o n v . 3 zoom high : r3<−as . v e c t o r ( seq ( 0 , 100 , 5 ) )

p l o t . new ( )

p a r ( oma=c ( 0 , 0 . 2 , 0 , 0 ) , mar=c ( 4 . 1 , 4 . 5 , 2 . 1 , 0 . 5 ) )

p l o t ( GDELTpcf3$ r , GDELTpcf3$ t r a n s , c o l =c ( " g r e e n " ) , lwd =2 , t y p e =" l " , y l a b =" g

( r ) " , x l a b =" r " , y l im =c ( 0 , 3 0 0 0 ) )

l i n e s ( GTDpcf3$ r , GTDpcf3$ t r a n s , c o l =c ( " b l a c k " ) , lwd =2)

l i n e s ( RDWTIpcf3$ r , RDWTIpcf3$ t r a n s , c o l =c ( " r e d " ) , lwd =2)

l i n e s ( GTDpcf3$ r , GTDpcf3$ theo , c o l =" g re y " , lwd =2 , l t y =2 )

l e g e n d ( " t o p r i g h t " , i n s e t = . 0 1 , t i t l e =" " , box . lwd = 0 , box . c o l = " w h i t e " , bg

= " w h i t e " ,

c ( "GDELT" , "GTD" , "RDWTI" ) , f i l l =c ( " g r e e n " , " b l a c k " , " r e d " ) , h o r i z =

TRUE)

# p l o t ( r e p o r t e d )

#95% c o n f i d e n c e i n t e r v a l s f o r p c f ( on ly p c f i s r e p o r t e d ) 99 s i m u l a t i o n s

# t ime consuming ! ( t o t a l f o r K, L , p c f : 4 . 7 h o u r s )

# p l o t p c f ( zoom ) wi th c o n f i d e n c e i n t e r v a l bands

p l o t . new ( )

mypath= p a s t e ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

La tex / phd−t h e s i s −t e m p l a t e−phd−l a t e x −t e m p l a t e− l a t e s t −s t a b l e / C h a p t e r 4 /

F i g s / PDF / pc f1 . pdf " )

pdf ( f i l e =mypath , o n e f i l e =FALSE , wid th =20 , h e i g h t =20 , p a p e r =" s p e c i a l " )

p a r ( cex =5 ,oma=c ( 0 , 0 . 2 , 0 , 0 ) , mar=c ( 4 . 1 , 4 . 5 , 2 . 1 , 0 . 5 ) )

p l o t ( pcfGDELTl$ r , pcfGDELTl$ bord , y l im =c ( −50 ,1000) , x l im =c ( 0 , 2000) , l t y =1 ,

lwd =6 , c o l =c ( "NA" ) ,

t y p e =" l " , main=" " , l e g e n d =NA, cex . t i t l e = 1 . 5 , cex . a x i s = 1 . 1 , cex . l a b

= 1 . 3 ,

y l a b =" p c f " , x l a b =" r " )

po lygon ( c ( pcfGDELTl$ r , r e v ( pcfGDELTl$ r ) ) , c ( pcfGDELTl$ lo , r e v ( pcfGDELTl$ h i )

) , c o l = " grey40 " , b o r d e r = " grey40 " )

l i n e s ( pcfGDELTl$ r , pcfGDELTl$ bord , lwd =6 , l t y =1 , c o l =c ( " g r e e n " ) )
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l i n e s ( pcfGDELTl$ r , pcfGDELTl$ theo , lwd =6 , l t y =2 , c o l =c ( " b l a c k " ) )

po lygon ( c ( pcfGTDl$ r , r e v ( pcfGTDl$ r ) ) , c ( pcfGTDl$ lo , r e v ( pcfGTDl$ h i ) ) , c o l =

" grey40 " , b o r d e r = " grey40 " )

l i n e s ( pcfGTDl$ r , pcfGTDl$ bord , lwd =6 , l t y =1 , c o l =c ( " b l a c k " ) )

l i n e s ( pcfGTDl$ r , pcfGTDl$ theo , lwd =6 , l t y =2 , c o l =c ( " b l a c k " ) )

po lygon ( c ( pcfRDWTIl$ r , r e v ( pcfRDWTIl$ r ) ) , c ( pcfRDWTIl$ lo , r e v ( pcfRDWTIl$ h i )

) , c o l = " grey40 " , b o r d e r = " grey40 " )

l i n e s ( pcfRDWTIl$ r , pcfRDWTIl$ bord , lwd =6 , l t y =1 , c o l =c ( " r e d " ) )

l i n e s ( pcfRDWTIl$ r , pcfRDWTIl$ theo , lwd =6 , l t y =2 , c o l =c ( " b l a c k " ) )

l e g e n d ( " t o p r i g h t " , i n s e t = . 0 1 , cex = 0 . 8 , t i t l e =" " , box . lwd = 0 , box . c o l = "

w h i t e " , bg = " w h i t e " ,

c ( "GDELT" , "GTD" , "RDWTI" ) , f i l l =c ( " g r e e n " , " b l a c k " , " r e d " ) , h o r i z =

TRUE)

dev . o f f ( )

dev . o f f ( )

#zoom 0−500 km

p l o t . new ( )

mypath= p a s t e ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

La tex / phd−t h e s i s −t e m p l a t e−phd−l a t e x −t e m p l a t e− l a t e s t −s t a b l e / C h a p t e r 4 /

F i g s / PDF / pc f 2 . pdf " )

pdf ( f i l e =mypath , o n e f i l e =FALSE , wid th =20 , h e i g h t =20 , p a p e r =" s p e c i a l " )

p a r ( cex =5 ,oma=c ( 0 , 0 . 2 , 0 , 0 ) , mar=c ( 4 . 1 , 4 . 5 , 2 . 1 , 0 . 5 ) )

p l o t ( pcfGDELTl$ r , pcfGDELTl$ bord , y l im =c ( −50 ,1000) , x l im =c ( 0 , 500) , l t y =1 ,

lwd =6 , c o l =c ( "NA" ) ,

t y p e =" l " , main=" " , l e g e n d =NA, cex . t i t l e = 1 . 5 , cex . a x i s = 1 . 1 , cex . l a b

= 1 . 3 ,

y l a b =" p c f " , x l a b =" r " )

po lygon ( c ( pcfGDELTl$ r , r e v ( pcfGDELTl$ r ) ) , c ( pcfGDELTl$ lo , r e v ( pcfGDELTl$ h i )

) , c o l = " grey40 " , b o r d e r = " grey40 " )

l i n e s ( pcfGDELTl$ r , pcfGDELTl$ bord , lwd =6 , l t y =1 , c o l =c ( " g r e e n " ) )

l i n e s ( pcfGDELTl$ r , pcfGDELTl$ theo , lwd =6 , l t y =2 , c o l =c ( " b l a c k " ) )

po lygon ( c ( pcfGTDl$ r , r e v ( pcfGTDl$ r ) ) , c ( pcfGTDl$ lo , r e v ( pcfGTDl$ h i ) ) , c o l =

" grey40 " , b o r d e r = " grey40 " )

l i n e s ( pcfGTDl$ r , pcfGTDl$ bord , lwd =6 , l t y =1 , c o l =c ( " b l a c k " ) )

l i n e s ( pcfGTDl$ r , pcfGTDl$ theo , lwd =6 , l t y =2 , c o l =c ( " b l a c k " ) )

po lygon ( c ( pcfRDWTIl$ r , r e v ( pcfRDWTIl$ r ) ) , c ( pcfRDWTIl$ lo , r e v ( pcfRDWTIl$ h i )

) , c o l = " grey40 " , b o r d e r = " grey40 " )

l i n e s ( pcfRDWTIl$ r , pcfRDWTIl$ bord , lwd =6 , l t y =1 , c o l =c ( " r e d " ) )

l i n e s ( pcfRDWTIl$ r , pcfRDWTIl$ theo , lwd =6 , l t y =2 , c o l =c ( " b l a c k " ) )
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l e g e n d ( " t o p r i g h t " , i n s e t = . 0 1 , cex = 0 . 8 , t i t l e =" " , box . lwd = 0 , box . c o l = "

w h i t e " , bg = " w h i t e " ,

c ( "GDELT" , "GTD" , "RDWTI" ) , f i l l =c ( " g r e e n " , " b l a c k " , " r e d " ) , h o r i z =

TRUE)

dev . o f f ( )

dev . o f f ( )

s ave . image ( " / home / a n d r e / R / s e c o n d o r d e r / s e c o n d o r d e r . RData " )

#END#####################################################





Appendix C

Modelling Lethal Terrorism in Space

and Time

C.1 Study area, Mesh, Terrorism Data and Covariates

This code is used to define the study area, generate the mesh, select GTD events, and extract

the covariates.

# C r e a t i n g d a t a used f o r d i f f e r e n t models ( s p a c e ) o r ( s p a t i o −t e m p o r a l ) o f

t e r r o r i s m based on SPDE / INLA

# i n c l u d i n g GTD e x t r a c t i o n , mesh , c o v a r i a t e s , and s t u d y a r e a . Time

s e l e c t e d i s 2002−2013 (12 y e a r s )

se twd ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R /

SPDE" )

r e q u i r e ( f o r e i g n )

r e q u i r e ( sp )

r e q u i r e ( RandomFields )

l i b r a r y ( INLA )

l i b r a r y ( s p a t s t a t )

l i b r a r y ( f i e l d s )

l i b r a r y ( m a p t o o l s )

l i b r a r y ( f i e l d s )

l i b r a r y ( l a t t i c e )

l i b r a r y ( l a t t i c e E x t r a )

l i b r a r y ( spdep )

l i b r a r y ( p l y r )

# i f one does n o t want t o run t h e e n t i r e code , uncommment t h e f o l l o w i n g

l i n e .
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# l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / SPDE . RData " )

# 1 . I mp or t t e r r o r i s t e v e n t s wor ldwide from GTD

GTD<− r e a d . csv ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD

/ PhD_R /GTD/ GTDworld . csv " )

#OPTIONAL : add random v a r i a b l e t o l a t / l ong i n o r d e r t o a v o i d i d e n t i c a l

l o c a t i o n s o f t h e p o i n t s ( i n l i n e wi th s p a t i a l a c c u r a c y of t h e

d a t a b a s e )

nGTD<− l e n g t h (GTD$ l a t i t u d e ) # l e n g t h o f v e c t o r GTD

# random v a l u e s c r e a t e d

v<− r u n i f (nGTD, −0 .01 , 0 . 0 1 )

w<− r u n i f (nGTD, −0 .01 , 0 . 0 1 )

# a dd in g t o GTD c o o r d i n a t e s

GTD$ l a t i t u d e <−GTD$ l a t i t u d e +v

GTD$ l o n g i t u d e<−GTD$ l o n g i t u d e +w

# GTD from 2002 t o 2013 i s c a l l e d GTD1

GTD1 <− s u b s e t (GTD, i y e a r > 2001 & i y e a r < 2014) # s e l e c t i n g 12 y e a r s o f

o b s e r v a t i o n s

# 2 . Pu t p o i n t s on to t h e u n i t s p h e r e

l o c<−GTD1 [ , 7 : 8 ] # s e l e c t l a t i t u d e and l o n g i t u d e

l o c<− l o c * p i / 180

l a t <− l o c [ , 1 ]

l o n<− l o c [ , 2 ]

l o c = c b i n d ( cos ( l a t ) * cos ( l o n ) , cos ( l a t ) * s i n ( l o n ) , s i n ( l a t ) ) # change as

s p h e r i c a l c o o r d i n a t e s ( r , phi , t h e t a )

# 3 . G e n e r a t e meshes on t h e s p h e r e ( t o be a d j u s t e d f o r b e t t e r r e s u l t s )

# s e l e c t s t u d y a r e a and d e l e t e s m a l l p o l y g o ns

wor ld . map <− r e a d S h a p e S p a t i a l ( "C : / Use r s / apy thon / Documents / Andre /

E d u c a t i o n / StAndrews / PhD / PhD_ArcGIS / World map / wor ld . shp " )

p r o j 4 s t r i n g ( wor ld . map )<−CRS( "+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84

=0 ,0 ,0+ e l l p s =WGS84" )

s t u d y a r e a <− world . map [ wor ld . map$F_AREA > 9000000000 , ] # d e l e t e s m a l l

p o l y g on s

# p l o t ( s t u d y a r e a )

# i n o r d e r t o have a mesh on a s p h e r e ( S2 )

bdry<− i n l a . sp2segment ( s t u d y a r e a )

bdry $ l o c <− i n l a . mesh . map ( bdry $ loc , p r o j e c t i o n =" l o n g l a t " , i n v e r s e =TRUE)

#Mesh

#mesh v e r s i o n t o be used f o r f i n a l v e r s i o n o f PhD

# h igh d e t a i l e d mesh
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mesh<− i n l a . mesh . 2 d ( boundary =bdry , max . edge=c ( 3 , 1 0 0 0 ) / 180 , c u t o f f =3 / 180) #

s i m p l e : max . edge=c ( 6 , 1 0 0 0 0 ) / 180 , c u t o f f =10 .5 / 180)

p l o t ( mesh , r g l =TRUE, draw . segmen t s =FALSE , edge . c o l o r = rgb ( 0 . 2 5 , 0 . 2 5 ,

0 . 2 5 ) )

i n t e r i o r <− i n l a . mesh . i n t e r i o r ( mesh )

f o r ( i i n 1 : l e n g t h ( i n t e r i o r ) ) {

l i n e s ( i n t e r i o r [ [ i ] ] , c o l =1 , r g l =TRUE, lwd =2)

}

# C o v a r i a t e s #

# p o p u l a t i o n d e n s i t y 2000

# Gr idded P o p u l a t i o n o f t h e World (GPW) 2000 ( which has been reworked i n

a r c g i s i n o r d e r t o p u t 0 i f no v a l u e s + e x t e n t t o −90;90 l a t i t u d e )

# wi th a r c g i s " r a s t e r c a l c u l a t o r " f u n c t i o n : Con ( I s N u l l ( " i n p u t r a s t e r ) , 0 , "

i n p u t r a s t e r " ) and p r o c e s s i n g e n v i r o n m e n t add l a t −90 t o 90 and l o n

−180 t o 180)

# t h e n e x p o r t e d as ASCII wi th a r c g i s " sample " f u n c t i o n

r e q u i r e ( r a s t e r )

pop00<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / f l i p p e r / g l d s 0 0 a g _0 add " )

p r o j e c t i o n ( pop00 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

# c r e a t e l o n l a t i n m a t r i x form

xy<−c b i n d (GTD1 [ , 8 ] , GTD1 [ , 7 ] ) # s e l e c t t h e 3 rd and 2nd v a r i a b l e o f GTD

# e x t r a c t c o o r d i n a t e s from p o p u l a t i o n a t t h e l o c a t i o n o f t h e p o i n t s

c o o r d i n a t e s

# a b i l i n e a r l method + b u f f e r zone i s used i f d a t a i s n o t p r o v i d e d ( long

d u r a t i o n b u t e n s u r e no NA v a l u e s )

pop<− e x t r a c t ( pop00 , xy , method= ’ b i l i n e a r ’ ) # e x t r a c t c o v a r i a t e v a l u e a t

p o i n t l o c a t i o n s

summary ( pop ) # check i f NA:

pop<−as . v e c t o r ( pop )

sd ( pop ) # sd

mean ( pop ) #mean

# r e p l a c e NA v a l u e s by 0 : n o t do i t − t h i s may c a u s e i s s u e s i f l a r g e c i t i e s

a r e n o t p r o v i d e wi th v a l u e s and r e p l a c e d by 0 . Should be a v o i d e d by

u s i n g b i l a t e r a l + b u f f e r zone e x t r a c t .

#pop [ i s . na ( pop ) ] <− 0

pop<− s c a l e ( pop ) # n o r m a l i s i n g d a t a ( mean =0 , sd =1) f o r b e t t e r INLA p r o c e s s
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# l u m i n o s i t y ( s p a t i o −t e m p o r a l c o v a r i a t e )

# a dd in g l u m i n o s i t y d a t a a s s p a t i o −t e m p o r a l c o v a r i a t e

# s a t e l l i t e n i g h t l i g h t ( which has been reworked i n a r c g i s i n o r d e r t o

p u t 0 i f no v a l u e s + e x t e n t t o −90;90 l a t i t u d e )

# wi th a r c g i s " r a s t e r c a l c u l a t o r " f u n c t i o n : Con ( I s N u l l ( " i n p u t r a s t e r " )

, 0 , " i n p u t r a s t e r " ) and p r o c e s s i n g e n v i r o n m e n t add l a t −90 t o 90 and

l o n −180 t o 180)

# t h e n e x p o r t e d as ASCII wi th a r c g i s " sample " f u n c t i o n

# r e q u i r e ( r a s t e r )

lum02<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / l u m i n o s i t y / lum02 . t i f " )

p r o j e c t i o n ( lum02 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

lum03<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / l u m i n o s i t y / lum03 . t i f " )

p r o j e c t i o n ( lum03 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

lum04<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / l u m i n o s i t y / lum04 . t i f " )

p r o j e c t i o n ( lum04 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

lum05<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / l u m i n o s i t y / lum05 . t i f " )

p r o j e c t i o n ( lum05 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

lum06<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / l u m i n o s i t y / lum06 . t i f " )

p r o j e c t i o n ( lum06 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

lum07<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / l u m i n o s i t y / lum07 . t i f " )

p r o j e c t i o n ( lum07 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

lum08<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / l u m i n o s i t y / lum08 . t i f " )

p r o j e c t i o n ( lum08 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

lum09<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / l u m i n o s i t y / lum09 . t i f " )
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p r o j e c t i o n ( lum09 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

lum10<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / l u m i n o s i t y / lum10 . t i f " )

p r o j e c t i o n ( lum10 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

lum11<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / l u m i n o s i t y / lum11 . t i f " )

p r o j e c t i o n ( lum11 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

lum12<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / l u m i n o s i t y / lum12 . t i f " )

p r o j e c t i o n ( lum12 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

lum13<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_ArcGIS / l u m i n o s i t y / F182013 . v4c _web . s t a b l e _ l i g h t s . avg _ v i s . t i f " )

p r o j e c t i o n ( lum13 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

# e x t r a c t l u m i n o s i t y v a l u e s a t l o c a t i o n s i n s p a c e and t ime d e f i n e d by GTD

space−t ime l o c a t i o n s

lum02<−as . d a t a . f rame ( lum02<− e x t r a c t ( lum02 , xy , method= ’ b i l i n e a r ’ ) )

lum03<−as . d a t a . f rame ( lum03<− e x t r a c t ( lum03 , xy , method= ’ b i l i n e a r ’ ) )

lum04<−as . d a t a . f rame ( lum04<− e x t r a c t ( lum04 , xy , method= ’ b i l i n e a r ’ ) )

lum05<−as . d a t a . f rame ( lum05<− e x t r a c t ( lum05 , xy , method= ’ b i l i n e a r ’ ) )

lum06<−as . d a t a . f rame ( lum06<− e x t r a c t ( lum06 , xy , method= ’ b i l i n e a r ’ ) )

lum07<−as . d a t a . f rame ( lum07<− e x t r a c t ( lum07 , xy , method= ’ b i l i n e a r ’ ) )

lum08<−as . d a t a . f rame ( lum08<− e x t r a c t ( lum08 , xy , method= ’ b i l i n e a r ’ ) )

lum09<−as . d a t a . f rame ( lum09<− e x t r a c t ( lum09 , xy , method= ’ b i l i n e a r ’ ) )

lum10<−as . d a t a . f rame ( lum10<− e x t r a c t ( lum10 , xy , method= ’ b i l i n e a r ’ ) )

lum11<−as . d a t a . f rame ( lum11<− e x t r a c t ( lum11 , xy , method= ’ b i l i n e a r ’ ) )

lum12<−as . d a t a . f rame ( lum12<− e x t r a c t ( lum12 , xy , method= ’ b i l i n e a r ’ ) )

lum13<−as . d a t a . f rame ( lum13<− e x t r a c t ( lum13 , xy , method= ’ b i l i n e a r ’ ) )

# i n t e r c a l i b r a t i o n based on Elv idge2013

# P r o c e s s : 1 ) c a l c u l a t e : Y = C0 + C1X + C2X^2 / / 2 ) Va lues > 63 a r e

t r u n c a t e d a t 63 / / 3 ) v a l u e s = 0 s t a y z e r o .

# S a t Year C0 C1 C2

# F15 2002 0 .0491 0 .9568 0 .0010

# F15 2003 0 .2217 1 .5122 −0.0080

# F16 2004 0 .2853 1 .1955 −0.0034
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# F16 2005 −0.0001 1 .4159 −0.0063

# F16 2006 0 .1065 1 .1371 −0.0016

# F16 2007 0 .6394 0 .9114 0 .0014

# F16 2008 0 .5564 0 .9931 0 .0000

# F16 2009 0 .9492 1 .0683 −0.0016

# F18 2010 2 .3430 0 .5102 0 .0065

# F18 2011 1 .8956 0 .7345 0 .0030

# F18 2012 1 .8750 0 .6203 0 .0052

f02 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 0 .0491+0 .9568 *x +0.0010 *x ^2 , 0 ) }# i f t h e

v a l u e s a r e above 0 , e x e c u t e i n t e r c a l i b r a t i o n

f03 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 0 .2217+1 .5122 *x +0.0010 *x ^2 , 0 ) }

f04 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 0 .2853+1 .1955 *x +0.0010 *x ^2 , 0 ) }

f05 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , −0.0001+1.4159 *x +0.0010 *x ^2 , 0 ) }

f06 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 0 .1065+1 .1371 *x +0.0010 *x ^2 , 0 ) }

f07 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 0 .6394+0 .9114 *x +0.0010 *x ^2 , 0 ) }

f08 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 0 .5564+0 .9931 *x +0.0010 *x ^2 , 0 ) }

f09 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 0 .9492+1 .0683 *x +0.0010 *x ^2 , 0 ) }

f10 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 2 .3430+0 .5102 *x +0.0010 *x ^2 , 0 ) }

f11 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 1 .8956+0 .7345 *x +0.0010 *x ^2 , 0 ) }

f12 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 1 .8750+0 .6203 *x +0.0010 *x ^2 , 0 ) }

f13 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 1 .8750+0 .6203 *x +0.0010 *x ^2 , 0 ) }

lum02<−as . d a t a . f rame ( s a p p l y ( lum02 , f02 ) )

lum02 [ lum02 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

lum03<−as . d a t a . f rame ( s a p p l y ( lum03 , f03 ) )

lum03 [ lum03 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

lum04<−as . d a t a . f rame ( s a p p l y ( lum04 , f04 ) )

lum04 [ lum04 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

lum05<−as . d a t a . f rame ( s a p p l y ( lum05 , f05 ) )

lum05 [ lum05 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

lum06<−as . d a t a . f rame ( s a p p l y ( lum06 , f06 ) )

lum06 [ lum06 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

lum07<−as . d a t a . f rame ( s a p p l y ( lum07 , f07 ) )

lum07 [ lum07 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

lum08<−as . d a t a . f rame ( s a p p l y ( lum08 , f08 ) )

lum08 [ lum08 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

lum09<−as . d a t a . f rame ( s a p p l y ( lum09 , f09 ) )

lum09 [ lum09 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

lum10<−as . d a t a . f rame ( s a p p l y ( lum10 , f10 ) )

lum10 [ lum10 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63
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lum11<−as . d a t a . f rame ( s a p p l y ( lum11 , f11 ) )

lum11 [ lum11 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

lum12<−as . d a t a . f rame ( s a p p l y ( lum12 , f12 ) )

lum12 [ lum12 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

lum13<−as . d a t a . f rame ( s a p p l y ( lum13 , f13 ) )

lum13 [ lum13 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

# c r e a t e t ime v a r i a b l e f o r lumYY d a t a . f rame

lum02$ t ime<−2002 ; lum08$ t ime<−2008

lum03$ t ime<−2003 ; lum09$ t ime<−2009

lum04$ t ime<−2004 ; lum10$ t ime<−2010

lum05$ t ime<−2005 ; lum11$ t ime<−2011

lum06$ t ime<−2006 ; lum12$ t ime<−2012

lum07$ t ime<−2007 ; lum13$ t ime<−2013

# b ind l u m i n o s i t y and c o o r d i n a t e s v a l u e s t o g e t h e r

lum02<−c b i n d ( xy , lum02 ) ; lum08<−c b i n d ( xy , lum08 )

lum03<−c b i n d ( xy , lum03 ) ; lum09<−c b i n d ( xy , lum09 )

lum04<−c b i n d ( xy , lum04 ) ; lum10<−c b i n d ( xy , lum10 )

lum05<−c b i n d ( xy , lum05 ) ; lum11<−c b i n d ( xy , lum11 )

lum06<−c b i n d ( xy , lum06 ) ; lum12<−c b i n d ( xy , lum12 )

lum07<−c b i n d ( xy , lum07 ) ; lum13<−c b i n d ( xy , lum13 )

# renaming v a r i a b l e s

names ( lum02 ) <− c ( " l o n " , " l a t " , " lum " , " t ime " ) ; names ( lum09 ) <− c ( " l o n " , "

l a t " , " lum " , " t ime " )

names ( lum03 ) <− c ( " l o n " , " l a t " , " lum " , " t ime " ) ; names ( lum10 ) <− c ( " l o n " , "

l a t " , " lum " , " t ime " )

names ( lum04 ) <− c ( " l o n " , " l a t " , " lum " , " t ime " ) ; names ( lum11 ) <− c ( " l o n " , "

l a t " , " lum " , " t ime " )

names ( lum05 ) <− c ( " l o n " , " l a t " , " lum " , " t ime " ) ; names ( lum12 ) <− c ( " l o n " , "

l a t " , " lum " , " t ime " )

names ( lum06 ) <− c ( " l o n " , " l a t " , " lum " , " t ime " ) ; names ( lum13 ) <− c ( " l o n " , "

l a t " , " lum " , " t ime " )

names ( lum07 ) <− c ( " l o n " , " l a t " , " lum " , " t ime " )

names ( lum08 ) <− c ( " l o n " , " l a t " , " lum " , " t ime " )

# merging v e r t i c a l l y a l l d a t a b a s e s : l a t , lon , lum , t ime (4 columns )

lum<− r b i n d ( lum02 , lum03 , lum04 , lum05 , lum06 , lum07 , lum08 , lum09 , lum10 , lum11 ,

lum12 , lum13 )

lum<−as . d a t a . f rame ( lum )

sd ( lum$lum ) # sd

mean ( lum$lum ) #mean
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# # n o r m a l i s i n g d a t a ( f o r b e t t e r INLA p r o c e s s ) : l u m i n o s i t y mean =0 , sd =1

and r e a r r a n g e d a t a f rame

lum$lum<− s c a l e ( lum$lum )

lum <− lum [ c ( 4 , 1 , 2 , 3 ) ] # o r d e r columns as : t ime , lon , l a t , lum

lum <− lum [ o r d e r ( lum$ time , lum$ lon , lum$ l a t ) , ]

# e x t r a c t l a t , lon , and y e a r from GTD and c r e a t e a d a t a b a s e which

r e p r e s e n t t h e r e s p o n s e v e c t o r

GTDresp<−GTD1[ , c ( 4 , 7 , 8 ) ] # e x t r a c t year , l a t , l ong

# add i d un i qu e v a l u e s i n GTDresp t o s o r t i t l a t e r

i d <− c ( 1 : nrow ( GTDresp ) )

GTDresp <− c b i n d ( i d = id , GTDresp )

names ( GTDresp )<−c ( " i d " , " t ime " , " l a t " , " l o n " )

GTDresp$ t ime<−as . numer ic ( GTDresp$ t ime )

GTDresp <− GTDresp [ c ( 1 , 2 , 4 , 3 ) ] # o r d e r columns as : id , t ime , lon , l a t

# match l u m i n o s i t y wi th t h e r e s p o n s e v e c t o r based on GTD l o c a t i o n s

GTDlum <− merge ( GTDresp , lum , by . x=c ( " t ime " , " l o n " , " l a t " ) , by . y=c ( " t ime " , "

l o n " , " l a t " ) , a l l . x=TRUE)

GTDlum <− s u b s e t ( GTDlum , ! d u p l i c a t e d ( GTDlum [ , 4 ] ) ) # remove d u p l i c a t e

o b s e r v a t i o n s from i d ( un i qu e c a n n o t be used s i n c e we can have

i d e n t i c a l l a t , lon , lum ! )

GTDlum<− GTDlum [ o r d e r ( GTDlum$ i d ) , ]

# p u t t i n g lum as a v e c t o r

lum<−as . v e c t o r ( GTDlum$lum )

# t e s t p l o t t o check d i s t a n c e v a l u e s

# c r e a t e d a t a f r a m e

# GTD1lum<−c b i n d (GTD1, lum )

# lum08<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews /

PhD / PhD_R / l u m i n o s i t y / lum08 . t i f " )

# p r o j e c t i o n ( lum08 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

# p l o t . new ( )

# r b P a l <− c o l o r R a m p P a l e t t e ( c ( ’ b lue ’ , ’ g reen ’ , ’ ye l low ’ , ’ orange ’ , ’ red ’ , ’

brown ’ ) )

# GTD1lum$ Col <− r b P a l ( 6 ) [ a s . numer ic ( c u t ( GTD1lum$lum , b r e a k s = 6) ) ]

# p a r ( mfrow=c ( 2 , 1 ) )

# p l o t ( GTD1lum$ l o n g i t u d e , GTD1lum$ l a t i t u d e , pch = 20 , cex = 0 . 3 , c o l = GTD1lum

$ Col )

# p l o t ( world , add=T )

# p l o t ( lum08 , y l im =c ( −45 ,65) , x l im =c ( −180 ,180) )

# p l o t ( world , add=T )
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#END l u m i n o s i t y ( s p a t i o −t e m p o r a l c o v a r i a t e )

# t r a v e l t ime c o v a r i a t e ( s p a t i a l n o t t e m p o r a l )

t t i m e <− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews /

PhD / PhD_ArcGIS / t r a v e l t i m e / a c c e s s _50k / acc _50k " )

p r o j e c t i o n ( t t i m e )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

# c r e a t e l o n l a t i n m a t r i x form

xy<−c b i n d (GTD1 [ , 8 ] , GTD1 [ , 7 ] ) # s e l e c t t h e 3 rd and 2nd v a r i a b l e o f GTD

# e x t r a c t c o o r d i n a t e s from p o p u l a t i o n a t t h e l o c a t i o n o f t h e p o i n t s

c o o r d i n a t e s

t t <− e x t r a c t ( t t i m e , xy , method= ’ b i l i n e a r ’ ) # e x t r a c t c o v a r i a t e v a l u e a t p o i n t

l o c a t i o n s

t t <−as . v e c t o r ( t t )

# r e p l a c e NA v a l u e s by 0

t t [ i s . na ( t t ) ] <− 0

t t <− s c a l e ( t t ) # n o r m a l i s i n g d a t a ( mean =0 , sd =1) f o r b e t t e r INLA p r o c e s s

# t e s t p l o t t o check d i s t a n c e v a l u e s

# c r e a t e d a t a f r a m e

# GTDtt<−c b i n d (GTD1, t t )

# p l o t . new ( )

# r b P a l <− c o l o r R a m p P a l e t t e ( c ( ’ b lue ’ , ’ g reen ’ , ’ ye l low ’ , ’ orange ’ , ’ red ’ , ’

brown ’ ) )

# GTDtt$ Col <− r b P a l ( 6 ) [ a s . numer ic ( c u t ( GTDtt$ t t , b r e a k s = 6) ) ]

# p l o t ( GTDtt$ l o n g i t u d e , GTDtt$ l a t i t u d e , pch = 20 , cex = 0 . 3 , c o l = GTDtt$ Col )

# p l o t ( world , add=T )

# p l o t ( t t i m e , ymin=c ( −45 ,65) )

# p o i n t s (GTD1 [ , 8 ] , GTD1 [ , 7 ] , add=T , cex = 0 . 1 )

#END t r a v e l t ime ( s p a t i a l n o t t e m p o r a l )

# P o l i t y IV c o v a r i a t e ( c o u n t r y− l e v e l + t e m p o r a l )

# r e a d t h e o r i g i n a l f i l e ( saved i n . csv ) from h t t p : / /www. s y s t e m i c p e a c e .

o rg / i n s c r d a t a . h tml

p o l i t y<− r e a d . csv ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews /

PhD / PhD_R / P o l i t y I V / p4v2013 . csv " , h e a d e r = TRUE)

p o l i t y<− s u b s e t ( p o l i t y , s e l e c t =c ( " c o u n t r y " , " y e a r " , " p o l i t y 2 " ) )

p o l i t y <− s u b s e t ( p o l i t y , y e a r > 2001 & y e a r < 2014) # s e l e c t i n g t h e same

t ime p e r i o d t h a n GTD

# rename y e a r a s i y e a r f o r c o m p a t i b i l i t y wi th GTD

r e q u i r e ( r e s h a p e )
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p o l i t y<−rename ( p o l i t y , c ( y e a r =" i y e a r " ) )

# add p o l i t y IV v a r i a b l e ( p o l i t y 2 has been a d j u s t e d f o r t ime−s e r i e s

a n a l y s i s ) t o GTD d a t a

# n o t e t h a t Bahamas , B e l i z e , I c e l a n d , Maldives , West Bank and Gaza S t r i p ,

a r e n o t p r e s e n t i n p o l i t y

# change some c o u n t r y names i n p o l i t y b e f o r e merging wi th GTD

p o l i t y $ c o u n t r y <− as . c h a r a c t e r ( p o l i t y $ c o u n t r y )

p o l i t y $ c o u n t r y [ p o l i t y $ c o u n t r y == " Bosn ia " ] <−" Bosnia−He rzegov ina "

p o l i t y $ c o u n t r y [ p o l i t y $ c o u n t r y == " Congo B r a z z a v i l l e " ] <−" Congo (

B r a z z a v i l l e ) "

p o l i t y $ c o u n t r y [ p o l i t y $ c o u n t r y == " Congo K i n s h a s a " ] <−" Congo ( K i n s h a s a ) "

p o l i t y $ c o u n t r y [ p o l i t y $ c o u n t r y == " Dominican Rep " ] <−" Dominican R e p u b l i c "

p o l i t y $ c o u n t r y [ p o l i t y $ c o u n t r y == " S e r b i a and Montenegro " ] <−" S e r b i a−
Montenegro "

# p o l i t y $ c o u n t r y [ p o l i t y $ c o u n t r y == " Korea Nor th " ] <−" Nor th Korea "

p o l i t y $ c o u n t r y [ p o l i t y $ c o u n t r y == " Korea South " ] <−" South Korea "

p o l i t y $ c o u n t r y [ p o l i t y $ c o u n t r y == " E a s t Timor " ] <−" Timor−L e s t e "

p o l i t y $ c o u n t r y [ p o l i t y $ c o u n t r y == "UAE" ] <−" U n i t e d Arab E m i r a t e s "

p o l i t y $ c o u n t r y [ p o l i t y $ c o u n t r y == " Myanmar ( Burma ) " ] <−" Myanmar "

# c r e a t e new o b s e r v a t i o n s based on e q u i v a l e n t c o u n t r i e s and add t o p o l i t y

d a t a f r a m e

uk<− s u b s e t ( p o l i t y , c o u n t r y == " Un i t e d Kingdom " )

uk$ c o u n t r y [ uk$ c o u n t r y == " Un i t e d Kingdom " ] <−" G r e a t B r i t a i n "

p o l i t y<− r b i n d ( p o l i t y , uk )

n i<− s u b s e t ( p o l i t y , c o u n t r y == " G r e a t B r i t a i n " )

n i $ c o u n t r y [ n i $ c o u n t r y == " G r e a t B r i t a i n " ] <−" N o r t h e r n I r e l a n d "

p o l i t y<− r b i n d ( p o l i t y , n i )

rm ( uk ) ; rm ( n i )

ch<− s u b s e t ( p o l i t y , c o u n t r y == " China " )

ch $ c o u n t r y [ ch $ c o u n t r y == " China " ] <−" Hong Kong "

p o l i t y<− r b i n d ( p o l i t y , ch )

rm ( ch )

i s<− s u b s e t ( p o l i t y , c o u n t r y == " I s r a e l " )

i s $ c o u n t r y [ i s $ c o u n t r y == " I s r a e l " ] <−" West Bank and Gaza S t r i p "

p o l i t y<− r b i n d ( p o l i t y , i s )

rm ( i s )

c s<− s u b s e t ( p o l i t y , c o u n t r y == " Fr a n c e " )

c s $ c o u n t r y [ c s $ c o u n t r y == " F r a n c e " ] <−" C o r s i c a "

p o l i t y<− r b i n d ( p o l i t y , c s )

rm ( cs )
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# merging wi th GTD

GTDpoli ty<−merge (GTD1, p o l i t y , by=c ( " c o u n t r y " , " i y e a r " ) , a l l . x=TRUE)

p o l<−GTDpoli ty [ , c ( 2 1 ) ] # e x t r a c t p o l i t y

# r e p l a c e NA v a l u e s by 0 ( warn ing p o l i t y I V =0 means n e i t h e r demo nor a u t o

− c r a t i c )

p o l [ i s . na ( p o l ) ] <− 0

p o l<− s c a l e ( p o l ) # n o r m a l i s i n g d a t a ( mean =0 , sd =1) f o r b e t t e r INLA p r o c e s s

p o l<−as . v e c t o r ( p o l )

# end P o l i t y IV c o v a r i a t e ( c o u n t r y− l e v e l + t e m p o r a l )

#GREG e t h n i c group c o v a r i a t e ( s p a t i a l n o t t e m p o r a l )

# i m p o r t GREG f i l e from Weidmann ETHZ : h t t p : / /www. i c r . e t h z . ch / d a t a / o t h e r /

g r e g

GREG <− r e a d S h a p e S p a t i a l ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n /

StAndrews / PhD / PhD_R /GREG/GREG. shp " )

p r o j 4 s t r i n g (GREG)<−CRS( "+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84

=0 ,0 ,0+ e l l p s =WGS84" )

# c r e a t e v e c t o r shape wi th GTD1

GTDpt<− S p a t i a l P o i n t s (GTD1[ , c ( " l o n g i t u d e " , " l a t i t u d e " ) ] )

p r o j 4 s t r i n g ( GTDpt )<−CRS( "+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84

=0 ,0 ,0+ e l l p s =WGS84" )

# i n t e r s e c t v a l u e s o f GREG wi th p o i n t s o f GTD

o <− ove r ( GTDpt ,GREG)

# recombine p o i n t s w i th a t t r i b u t e s from GRM

GTDpt<−c b i n d ( GTDpt , o )

# add i d un i qu e v a l u e s i n GTDresp t o s o r t i t l a t e r

i d <− c ( 1 : nrow ( GTDpt ) )

GTDGREG <− c b i n d ( i d = id , GTDpt )

# keep on ly i d and number o f e t h n i c g r oup s

GTDGREG<−GTDGREG[ , c ( 1 , 8 , 9 , 1 0 ) ]

# i f no e t h n i c group ( 0 ) p u t NA i n o r d e r t h a t t h e a b s e n c e o f e t h n i c group

w i l l n o t be c o u n t e d

GTDGREG[GTDGREG == 0] <− NA

GTDGREG<−ddp ly (GTDGREG, . ( i d ) , muta te , c o u n t = l e n g t h ( u n i qu e ( na . omi t ( c (

G1ID , G2ID , G3ID ) ) ) ) )

# s o r t ( a l r e a d y done b u t f o r do ub l e check )

GTDGREG <− GTDGREG[ o r d e r ( i d ) , ]

# s c a l e

GTDGREG$ c o u n t<− s c a l e (GTDGREG$ c o u n t )

# keep a v e c t o r
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g re g<−as . v e c t o r (GTDGREG$ c o u n t )

#EndGREG e t h n i c group c o v a r i a t e ( s p a t i a l n o t t e m p o r a l

# A l t i t u d e c o v a r i a t e ( s p a t i a l n o t t e m p o r a l )

# s o u r c e : DEM map (ETOPO1) : h t t p s : / /www. ngdc . noaa . gov / mgg / g l o b a l / r e l i e f /

ETOPO1 / image /

a l t i t u d e <− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews

/ PhD / PhD_ArcGIS /DEM/ ETOPO1 / c o l o r _ e t opo 1 _ i c e _ f u l l . t i f " )

p r o j e c t i o n ( a l t i t u d e )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84

=0 ,0 ,0+ e l l p s =WGS84"

# p l o t ( a l t i t u d e )

# c r e a t e l o n l a t i n m a t r i x form

xy<−c b i n d (GTD1 [ , 8 ] , GTD1 [ , 7 ] ) # s e l e c t t h e 3 rd and 2nd v a r i a b l e o f GTD

# e x t r a c t c o o r d i n a t e s from p o p u l a t i o n a t t h e l o c a t i o n o f t h e p o i n t s

c o o r d i n a t e s

a l t <− e x t r a c t ( a l t i t u d e , xy , method= ’ b i l i n e a r ’ ) # e x t r a c t c o v a r i a t e v a l u e a t

p o i n t l o c a t i o n s

a l t <−as . v e c t o r ( a l t )

# r e p l a c e NA v a l u e s by 0

a l t [ i s . na ( a l t ) ] <− 0

a l t <− s c a l e ( a l t ) # n o r m a l i s i n g d a t a ( mean =0 , sd =1) f o r b e t t e r INLA p r o c e s s

# t e s t p l o t t o check d i s t a n c e v a l u e s

# c r e a t e d a t a f r a m e

# GTDalt<−c b i n d (GTD1, a l t )

# p l o t . new ( )

# r b P a l <− c o l o r R a m p P a l e t t e ( c ( ’ b lue ’ , ’ g reen ’ , ’ ye l low ’ , ’ orange ’ , ’ red ’ , ’

brown ’ ) )

# GTDalt $ Col <− r b P a l ( 6 ) [ a s . numer ic ( c u t ( GTDalt $ a l t , b r e a k s = 6) ) ]

# p l o t ( GTDalt $ l o n g i t u d e , GTDalt $ l a t i t u d e , pch = 20 , cex = 0 . 3 , c o l = GTDalt $

Col )

# p l o t ( world , add=T )

#End a l t i t u d e c o v a r i a t e ( s p a t i a l n o t t e m p o r a l )

# S lope c o v a r i a t e ( s p a t i a l n o t t e m p o r a l )

r e q u i r e ( i n s o l )

s l o p e<− s l o p e ( c g r a d ( a l t i t u d e ) , d e g r e e s = TRUE)

s l o p e = r a s t e r ( s l o p e , c r s = p r o j e c t i o n ( a l t i t u d e ) )

e x t e n t ( s l o p e ) = e x t e n t ( a l t i t u d e )

# c r e a t e l o n l a t i n m a t r i x form

xy<−c b i n d (GTD1 [ , 8 ] , GTD1 [ , 7 ] ) # s e l e c t t h e 3 rd and 2nd v a r i a b l e o f GTD
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# e x t r a c t c o o r d i n a t e s from p o p u l a t i o n a t t h e l o c a t i o n o f t h e p o i n t s

c o o r d i n a t e s

s l o<− e x t r a c t ( s l o p e , xy , method= ’ b i l i n e a r ’ ) # e x t r a c t c o v a r i a t e v a l u e a t

p o i n t l o c a t i o n s

s l o<−as . v e c t o r ( s l o )

# r e p l a c e NA v a l u e s by 0

s l o [ i s . na ( s l o ) ] <− 0

s l o<− s c a l e ( s l o ) # n o r m a l i s i n g d a t a ( mean =0 , sd =1) f o r b e t t e r INLA p r o c e s s

# t e s t p l o t t o check d i s t a n c e v a l u e s

# c r e a t e d a t a f r a m e

# GTDslo<−c b i n d (GTD1, s l o )

# p l o t . new ( )

# r b P a l <− c o l o r R a m p P a l e t t e ( c ( ’ b lue ’ , ’ g reen ’ , ’ ye l low ’ , ’ orange ’ , ’ red ’ , ’

brown ’ ) )

# GTDslo$ Col <− r b P a l ( 6 ) [ a s . numer ic ( c u t ( GTDslo$ s l o , b r e a k s = 6) ) ]

# p l o t ( GTDslo$ l o n g i t u d e , GTDslo$ l a t i t u d e , pch = 20 , cex = 0 . 3 , c o l = GTDslo$

Col )

# p l o t ( world , add=T )

# s lopew <− mask ( s l o p e , wor ld . map )

# p l o t . new ( )

# p l o t ( slopew , c o l = t e r r a i n . c o l o r s ( 1 2 ) )

#End s l o p e c o v a r i a t e ( s p a t i a l n o t t e m p o r a l )

# D i s t a n c e t o c o u n t r y b o r d e r ( s p a t i a l )

GTDp<−ppp (GTD1 [ , 8 ] , GTD1 [ , 7 ] , c ( −180 ,180) , c ( −90 ,90) )

# download s i m p l e map wi th n a t i o n a l b o r d e r s from n a t u r a l e a r t h d a t a

( 1 : 1 1 0 ) i n s t e a d o f D i g i t a l c h a r t o f t h e wor ld 2000 ( c o u n t r y b o r d e r s )−
t o o complex

wor ld . map <− r e a d S h a p e S p a t i a l ( "C : / Use r s / apy thon / Documents / Andre /

E d u c a t i o n / StAndrews / PhD / PhD_ArcGIS / World map / ne _110m_ admin _0_

c o u n t r i e s . shp " )

p r o j 4 s t r i n g ( wor ld . map )<−CRS( "+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84

=0 ,0 ,0+ e l l p s =WGS84" )

wor ld<−as . owin ( wor ld . map )

wor ld = edges ( wor ld . map )

d i s t b<−n n c r o s s (GTDp, wor ld )

d i s t b<−as . v e c t o r ( d i s t b $ d i s t )

# d i s t b [ i s . na ( d i s t b ) ] <− 0

d i s t b<− s c a l e ( d i s t b ) # n o r m a l i s i n g d a t a ( mean =0 , sd =1) f o r b e t t e r INLA

p r o c e s s
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# t e s t p l o t t o check d i s t a n c e v a l u e s

# c r e a t e d a t a f r a m e

# GTDdistb<−c b i n d (GTD1, d i s t b )

# p l o t . new ( )

# r b P a l <− c o l o r R a m p P a l e t t e ( c ( ’ b lue ’ , ’ g reen ’ , ’ ye l low ’ , ’ orange ’ , ’ red ’ , ’

brown ’ ) )

# GTDdistb $ Col <− r b P a l ( 6 ) [ a s . numer ic ( c u t ( GTDdistb $ d i s t b , b r e a k s = 6) ) ]

# p l o t ( GTDdistb $ l o n g i t u d e , GTDdistb $ l a t i t u d e , pch = 20 , cex = 0 . 3 , c o l =

GTDdistb $ Col )

# p l o t ( world , add=T )

#END d i s t a n c e t o c o u n t r y b o r d e r ( s p a t i a l n o t t e m p o r a l )

# # d e l e t e u n u s e f u l d a t a

rm ( GTDpoli ty ) ; rm ( p o l i t y ) ; rm ( xy ) ; rm ( l a t ) ; rm ( l o n ) ; rm ( pop00 ) ; rm ( lum02 ) ; rm (

lum03 ) ; rm ( lum04 ) ; rm ( t t i m e )

rm ( lum05 ) ; rm ( lum06 ) ; rm ( lum07 ) ; rm ( lum08 ) ; rm ( lum09 ) ; rm ( lum10 ) ; rm ( lum11 ) ; rm

( lum12 ) ; rm ( lum13 ) ;

rm ( v ) ; rm (w) ; rm (nGTD) ; rm ( i d ) ; rm ( bdry ) ; rm ( wor ld . map ) ; rm ( GTDresp ) ; rm ( GTDlum

) ; rm ( f02 , f03 , f04 , f05 , f06 , f07 , f08 , f09 , f10 , f11 , f12 , f13 )

rm (GTDGREG) ; rm ( GTDpt ) ; rm ( o ) ; rm (GREG) ; rm ( a l t i t u d e ) ; rm ( GTDdistb ) ; rm ( GTDalt

) ; rm (GTDp) ; rm ( wor ld ) ; rm ( r b P a l ) ; rm ( GTDtt ) ; rm ( GTD1lum ) ;

rm ( s l o p e )

# sa ve a l l d a t a i n t o

save . image ( "~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / SPDE . RData " )

C.2 Covariate Selection

This code has been generated to investigate correlation between the covariates).

#The g o a l o f t h i s p r o c e s s i s t o look a t c o r r e l a t i o n between c o v a r i a t e s

and GTD e v e n t s (2002−2013) i n t h e s t u d y a r e a ( World )

# i n i t i a l i s a t i o n

se twd ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R /

C o v a r i a t e s " )

# l o a d SPDE v a l u e s ( i n c l u d e c o v a r i a t e v a l u e s a t each GTD c o o r d i n a t e and

y e a r f o r t e m p o r a l v a r i a b l e )

l o a d ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R /

SPDE / SPDE . RData " ) # c o n t a i n s s t u d y a rea , mesh , c o v a r i a t e s

# c r e a t e a d a t a f r a m e wi th GTD v a r i a b l e s and c o v a r i a t e v a l u e s

pop<−as . v e c t o r ( pop )
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GTD1$pop<−pop

lum<−as . v e c t o r ( lum )

GTD1$lum<−lum

gre g<−as . v e c t o r ( g r eg )

GTD1$ gr eg<−g re g

p o l<−as . v e c t o r ( p o l )

GTD1$ p o l<−p o l

t t <−as . v e c t o r ( t t )

GTD1$ t t <− t t

a l t <−as . v e c t o r ( a l t )

GTD1$ a l t <− a l t

s l o<−as . v e c t o r ( s l o )

GTD1$ s l o<− s l o

d i s t b<−as . v e c t o r ( d i s t b )

GTD1$ d i s t b<−d i s t b

# c o v a r i a t e s and l e t h a l i t y

# d e l e t e i f NA i n nb . k i l l ( f a t a l i t i e s )

GTD1<−GTD1[ c o m p l e t e . c a s e s (GTD1 [ , 1 5 ] ) , ]

# c r e a t e l e t h a l i t y from number o f k i l l i n g

GTD1$ l e t h a l <− i f e l s e (GTD1$ n k i l l ==0 ,0 ,1 ) #4 t h column i s nb . f a t a l i t i e s :

change t o b i n a r y : l e t h a l ( 1 ) , non− l e t h a l ( 0 )

# d e l e t e m a t r i x e l e m e n t s

rm ( t t ) ; rm ( p o l ) ; rm ( pop ) ; rm ( g re g ) ; rm ( lum ) ; rm ( a l t ) ; rm ( s l o ) ; rm ( d i s t b )

# l o o k i n g a t t h e r e l a t i o n s h i p between l e t h a l i t y and c o v a r i a t e v a l u e s

# c o n s t r u c t c o r s t a r s f u n c t i o n from h t t p : / / myowelt . b l o g s p o t . co . uk / 2008 / 04 /

b e a u t i f u l −c o r r e l a t i o n −t a b l e s −in−r . h tml

c o r s t a r s l <− f u n c t i o n ( x ) {

r e q u i r e ( Hmisc )

x <− as . m a t r i x ( x )

R <− r c o r r ( x ) $ r

p <− r c o r r ( x ) $P

## d e f i n e n o t i o n s f o r s i g n i f i c a n c e l e v e l s ; s p a c i n g i s i m p o r t a n t .

m y s t a r s <− i f e l s e ( p < . 0 0 1 , " *** " , i f e l s e ( p < . 0 1 , " ** " , i f e l s e ( p <

. 0 5 , " * " , " " ) ) )

## t r u n c t u a t e t h e m a t r i x t h a t h o l d s t h e c o r r e l a t i o n s t o two d e c i m a l

R <− f o r m a t ( round ( c b i n d ( r e p ( −1.11 , n c o l ( x ) ) , R) , 2 ) ) [ , −1]

## b u i l d a new m a t r i x t h a t i n c l u d e s t h e c o r r e l a t i o n s wi th t h e i r

a p r o p r i a t e s t a r s

Rnew <− m a t r i x ( p a s t e (R , mys ta r s , sep =" " ) , n c o l = n c o l ( x ) )

d i a g ( Rnew ) <− p a s t e ( d i a g (R) , " " , sep =" " )
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rownames ( Rnew ) <− co lnames ( x )

co lnames ( Rnew ) <− p a s t e ( co lnames ( x ) , " " , sep =" " )

## remove uppe r t r i a n g l e

Rnew <− as . m a t r i x ( Rnew )

Rnew [ upper . t r i ( Rnew , d i a g = TRUE) ] <− " "

Rnew <− as . d a t a . f rame ( Rnew )

## remove l a s t column and r e t u r n t h e m a t r i x ( which i s now a d a t a f rame

)

Rnew <− c b i n d ( Rnew [ 1 : l e n g t h ( Rnew ) −1])

r e t u r n ( Rnew )

}

# c o r r e l a t i o n between c o v a r i a t e s and l e t h a l i t y o f t e r r o r i s m ( l e t h a l =1 ,

non− l e t h a l =0)

r e q u i r e ( x t a b l e )

x t a b l e ( c o r s t a r s l (GTD1 [ , 2 4 : 3 2 ] ) )

# n o t i n t h e t h e s i s b u t c o u l d be i n v e s t i g a t e d i f n e c e s s a r y

# c o r r e l a t i o n between c o v a r i a t e s and number o f f a t a l i t i e s o f t e r r o r i s m (

f a t a l i t e s i s i n t e g e r )

# r e q u i r e ( x t a b l e )

# x t a b l e ( c o r s t a r s l (GTD1[ , c ( 1 5 , 2 4 : 3 1 ) ] ) )

C.3 Binomial Models: Specification

This code includes all investigated spatio-temporal Bernoulli models of terrorism’s lethality.

#SPATIO−TEMPORAL MODELLING / b i n o m i a l models o f l e t h a l e v e n t s wor ldwide

2002−2013 c o n s t r u c t e d from v a r i o u s c o v a r i a t e s ( from 0 t o 5 c o v a r i a t e s

)

#The code has been run i n NTNU ( s e r v e r )

rm ( l i s t = l s ( ) )

se twd ( " / home / ap215 / SPDE" ) #NTNU home f i l e

l o a d ( " SPDEf ina l . RData " )

l i b r a r y ( INLA )

bdry <− i n l a . sp2segment ( s t u d y a r e a )

bdry $ l o c <− i n l a . mesh . map ( bdry $ loc , p r o j e c t i o n = " l o n g l a t " , i n v e r s e =

TRUE)

#mesh f o r r o b u s n t e s s t e s t s

mesh3<− i n l a . mesh . 2 d ( boundary =bdry , max . edge=c ( 9 , 6 0 0 0 ) / 180 , c u t o f f =9 / 180) #

nv =1 ,341
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mesh2<− i n l a . mesh . 2 d ( boundary =bdry , max . edge=c ( 7 , 1 0 0 0 ) / 180 , c u t o f f =7 / 180) #

nv =2 ,157

# s e l e c t i n g e v e n t s from 2002 t o 2013 (12 y e a r s ) . For c o m p u t a t i o n a l i s s u e s

, on ly p o s t 9 / 11 e v e n t s a r e s e l e c t e d

d a t a<−c b i n d ( loc , GTD1 [ , 1 5 ] )

d a t a [ , 4 ]<− i f e l s e ( d a t a [ , 4 ] = = 0 , 0 , 1 ) #4 t h column i s nb . f a t a l i t i e s : change

t o b i n a r y : l e t h a l ( 1 ) , non− l e t h a l ( 0 )

y<−d a t a [ , 4 ]

t ime<−GTD1[ ,4] −2001 # c r e a t e t ime i n d e x ( t r a n s f o r m r e a l t ime ( y e a r ) i n t o

i n d e x : r e q u i r e d )

# g e n e r a t e t h e mesh

k<−12# t h e number o f y e a r s

nv<−mesh$n

spde <− i n l a . spde2 . ma te rn ( mesh , a l p h a =2)

i s e t <− i n l a . spde . make . i n d e x ( ’ i ’ , n . spde = spde $n . spde , n . group =k )

A<− i n l a . spde . make .A( mesh , l o c = loc , group = t ime )

# P r o d u c i n g s e v e r a l models wi th d i f f e r e n t number o f c o v a r i a t e s

#0 c o v a r i a t e

s t k <− i n l a . s t a c k ( d a t a = l i s t ( y=y ) ,A= l i s t (A, 1 ) , t a g = ’ d a t ’ ,

e f f e c t s = l i s t ( i = i s e t , b0= r e p ( 1 , l e n g t h ( y ) ) ) )

r e s <− i n l a ( y ~ 0 + b0 + f ( i , model=spde , group = i . group , c o n t r o l . g roup = l i s t

( model=" a r 1 " ) ) ,

f a m i l y = ’ b i n o m i a l ’ , d a t a = i n l a . s t a c k . d a t a ( s t k ) , c o n t r o l .

compute= l i s t ( d i c =TRUE) ,

c o n t r o l . p r e d i c t o r = l i s t (A= i n l a . s t a c k .A( s t k ) , compute=TRUE) ,

v e r b o s e =TRUE)

# #1 s p a t i a l c o v a r i a t e d i s t b

s t k <− i n l a . s t a c k ( d a t a = l i s t ( y=y ) ,A= l i s t (A, 1 , 1 ) , t a g = ’ d a t ’ , # i f two

c o v a r i a t e s use : A= l i s t (A, 1 , 1 , 1 )

e f f e c t s = l i s t ( i = i s e t , d i s t b = d i s t b , b0= r e p ( 1 , l e n g t h ( y ) ) ) ) #

add a f t e r pop=pop , lum=lum t o add t h e second

c o v a r i a t e . I f problem : t r y t h i s : l i s t ( l i s t ( i = i s e t ) ,

l i s t ( cov=pop ) , l i s t ( b0= r e p ( 1 , l e n g t h ( y ) ) )

r e s 1 <− i n l a ( y ~ 0+ b0 + d i s t b + f ( i , model=spde , group = i . group , c o n t r o l .

g roup = l i s t ( model=" a r 1 " ) ) , ## i f two c o v a r i a t e s use a f t e r "+ pop , " : +lum

+ f ( . . . )

f a m i l y = ’ b i n o m i a l ’ , d a t a = i n l a . s t a c k . d a t a ( s t k ) , c o n t r o l .

compute= l i s t ( d i c =TRUE) ,

c o n t r o l . p r e d i c t o r = l i s t (A= i n l a . s t a c k .A( s t k ) , compute=TRUE) ,

v e r b o s e =TRUE)
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# #2 s p a t i a l c o v a r i a t e s e t h n i c + pop

s t k <− i n l a . s t a c k ( d a t a = l i s t ( y=y ) ,A= l i s t (A, 1 , 1 , 1 ) , t a g = ’ d a t ’ , # i f two

c o v a r i a t e s use : A= l i s t (A, 1 , 1 , 1 )

e f f e c t s = l i s t ( i = i s e t , g r e g =greg , pop=pop , b0= r e p ( 1 , l e n g t h

( y ) ) ) ) # add a f t e r pop=pop , lum=lum t o add t h e

second c o v a r i a t e . I f problem : t r y t h i s : l i s t ( l i s t ( i

= i s e t ) , l i s t ( cov=pop ) , l i s t ( b0= r e p ( 1 , l e n g t h ( y ) ) )

r e s 2 <− i n l a ( y ~ 0+ b0 + gre g +pop + f ( i , model=spde , group = i . group , c o n t r o l

. g roup = l i s t ( model=" a r 1 " ) ) , ## i f two c o v a r i a t e s use a f t e r "+ pop , " : +

lum+ f ( . . . )

f a m i l y = ’ b i n o m i a l ’ , d a t a = i n l a . s t a c k . d a t a ( s t k ) , c o n t r o l .

compute= l i s t ( d i c =TRUE) ,

c o n t r o l . p r e d i c t o r = l i s t (A= i n l a . s t a c k .A( s t k ) , compute=TRUE) ,

v e r b o s e =TRUE)

# #3 s p a t i a l c o v a r i a t e s t t + pop + gre g

s t k <− i n l a . s t a c k ( d a t a = l i s t ( y=y ) ,A= l i s t (A, 1 , 1 , 1 , 1 ) , t a g = ’ d a t ’ ,

e f f e c t s = l i s t ( i = i s e t , t t = t t , pop=pop , g re g =greg , b0= r e p ( 1 ,

l e n g t h ( y ) ) ) ) # I f problem : t r y t h i s : l i s t ( l i s t ( i =

i s e t ) , l i s t ( cov=pop ) , l i s t ( b0= r e p ( 1 , l e n g t h ( y ) ) )

r e s 3 <− i n l a ( y ~ 0+b0 + t t + pop + gre g + f ( i , model=spde , group = i . group ,

c o n t r o l . g roup = l i s t ( model=" a r 1 " ) ) , ## i f two c o v a r i a t e s use a f t e r "+ pop

, " : +lum+ f ( . . . )

f a m i l y = ’ b i n o m i a l ’ , d a t a = i n l a . s t a c k . d a t a ( s t k ) , c o n t r o l .

compute= l i s t ( d i c =TRUE) ,

c o n t r o l . p r e d i c t o r = l i s t (A= i n l a . s t a c k .A( s t k ) , compute=TRUE) ,

v e r b o s e =TRUE)

# #4 s p a t i a l c o v a r i a t e s lum + pop + gre g + t t

s t k <− i n l a . s t a c k ( d a t a = l i s t ( y=y ) ,A= l i s t (A, 1 , 1 , 1 , 1 , 1 ) , t a g = ’ d a t ’ ,

e f f e c t s = l i s t ( i = i s e t , lum=lum , pop=pop , g re g =greg , t t = t t , b0

= r e p ( 1 , l e n g t h ( y ) ) ) ) # I f problem : t r y t h i s : l i s t (

l i s t ( i = i s e t ) , l i s t ( cov=pop ) , l i s t ( b0= r e p ( 1 , l e n g t h ( y

) ) )

r e s 4 <− i n l a ( y ~ 0+b0 +lum+pop+ gre g + t t + f ( i , model=spde , group = i . group ,

c o n t r o l . g roup = l i s t ( model=" a r 1 " ) ) , ## i f two c o v a r i a t e s use a f t e r "+ pop

, " : +lum+ f ( . . . )

f a m i l y = ’ b i n o m i a l ’ , d a t a = i n l a . s t a c k . d a t a ( s t k ) , c o n t r o l .

compute= l i s t ( d i c =TRUE) ,

c o n t r o l . p r e d i c t o r = l i s t (A= i n l a . s t a c k .A( s t k ) , compute=TRUE) ,

v e r b o s e =TRUE)

# #5 s p a t i a l c o v a r i a t e s lum + pop + gre g + t t + a l t i t u d e
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s t k <− i n l a . s t a c k ( d a t a = l i s t ( y=y ) ,A= l i s t (A, 1 , 1 , 1 , 1 , 1 , 1 ) , t a g = ’ d a t ’ ,

e f f e c t s = l i s t ( i = i s e t , lum=lum , pop=pop , t t = t t , g r e g =greg , a l t = a l t , b0= r e p ( 1 ,

l e n g t h ( y ) ) ) ) # I f problem : t r y t h i s : l i s t ( l i s t ( i = i s e t ) , l i s t ( cov=pop ) ,

l i s t ( b0= r e p ( 1 , l e n g t h ( y ) ) )

r e s 5 <− i n l a ( y ~ 0+b0+pop+lum+ t t + g re g + a l t + f ( i , model=spde , group = i . group ,

c o n t r o l . g roup = l i s t ( model=" a r 1 " ) ) , ## i f two c o v a r i a t e s use a f t e r "+ pop

, " : +lum+ f ( . . . )

f a m i l y = ’ b i n o m i a l ’ , d a t a = i n l a . s t a c k . d a t a ( s t k ) , c o n t r o l . compute= l i s t ( d i c =

TRUE) ,

c o n t r o l . p r e d i c t o r = l i s t (A= i n l a . s t a c k .A( s t k ) , compute=TRUE) , v e r b o s e =TRUE)

#4 b i s : 4 s p a t i a l c o v a r i a t e s lum + gre g + t t + a l t i t u d e

s t k <− i n l a . s t a c k ( d a t a = l i s t ( y=y ) ,A= l i s t (A, 1 , 1 , 1 , 1 , 1 ) , t a g = ’ d a t ’ ,

e f f e c t s = l i s t ( i = i s e t , lum=lum , t t = t t , g r e g =greg , a l t = a l t , b0

= r e p ( 1 , l e n g t h ( y ) ) ) ) # I f problem : t r y t h i s : l i s t (

l i s t ( i = i s e t ) , l i s t ( cov=pop ) , l i s t ( b0= r e p ( 1 , l e n g t h ( y

) ) )

r e s 4 b i s <− i n l a ( y ~ 0+b0+lum+ t t + g re g + a l t + f ( i , model=spde , group = i . group ,

c o n t r o l . g roup = l i s t ( model=" a r 1 " ) ) , ## i f two c o v a r i a t e s use a f t e r "+ pop

, " : +lum+ f ( . . . )

f a m i l y = ’ b i n o m i a l ’ , d a t a = i n l a . s t a c k . d a t a ( s t k ) , c o n t r o l .

compute= l i s t ( d i c =TRUE) ,

c o n t r o l . p r e d i c t o r = l i s t (A= i n l a . s t a c k .A( s t k ) , compute=TRUE) ,

v e r b o s e =TRUE)

save . image ( " / home / a n d r e / R / SPDE / S T b i n t o t a l . RData " )

# r o b u s t n e s s t e s t ( a l t e r n a t i v e meshes )

#mesh2

nv<−mesh2$n

spde <− i n l a . spde2 . ma te rn ( mesh2 , a l p h a =2)

i s e t <− i n l a . spde . make . i n d e x ( ’ i ’ , n . spde = spde $n . spde , n . group =k )

A<− i n l a . spde . make .A( mesh2 , l o c = loc , group = t ime )

s t k <− i n l a . s t a c k ( d a t a = l i s t ( y=y ) ,A= l i s t (A, 1 , 1 , 1 , 1 , 1 ) , t a g = ’ d a t ’ ,

e f f e c t s = l i s t ( i = i s e t , lum=lum , t t = t t , g r e g =greg , a l t = a l t ,

b0= r e p ( 1 , l e n g t h ( y ) ) ) ) # I f problem : t r y t h i s : l i s t (

l i s t ( i = i s e t ) , l i s t ( cov=pop ) , l i s t ( b0= r e p ( 1 , l e n g t h (

y ) ) )

res4mesh2 <− i n l a ( y ~ 0+b0+lum+ t t + g re g + a l t + f ( i , model=spde , group = i . group

, c o n t r o l . g roup = l i s t ( model=" a r 1 " ) ) , ## i f two c o v a r i a t e s use a f t e r "+

pop , " : +lum+ f ( . . . )
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f a m i l y = ’ b i n o m i a l ’ , d a t a = i n l a . s t a c k . d a t a ( s t k ) , c o n t r o l .

compute= l i s t ( d i c =TRUE) ,

c o n t r o l . p r e d i c t o r = l i s t (A= i n l a . s t a c k .A( s t k ) , compute=TRUE

) , v e r b o s e =TRUE)

save ( res4mesh2 , f i l e =" res4mesh2 . RData " )

#mesh3

nv<−mesh3$n

spde <− i n l a . spde2 . ma te rn ( mesh3 , a l p h a =2)

i s e t <− i n l a . spde . make . i n d e x ( ’ i ’ , n . spde = spde $n . spde , n . group =k )

A<− i n l a . spde . make .A( mesh3 , l o c = loc , group = t ime )

s t k <− i n l a . s t a c k ( d a t a = l i s t ( y=y ) ,A= l i s t (A, 1 , 1 , 1 , 1 , 1 ) , t a g = ’ d a t ’ ,

e f f e c t s = l i s t ( i = i s e t , lum=lum , t t = t t , g r e g =greg , a l t = a l t ,

b0= r e p ( 1 , l e n g t h ( y ) ) ) ) # I f problem : t r y t h i s : l i s t (

l i s t ( i = i s e t ) , l i s t ( cov=pop ) , l i s t ( b0= r e p ( 1 , l e n g t h (

y ) ) )

res4mesh3 <− i n l a ( y ~ 0+b0+lum+ t t + g re g + a l t + f ( i , model=spde , group = i . group

, c o n t r o l . g roup = l i s t ( model=" a r 1 " ) ) , ## i f two c o v a r i a t e s use a f t e r "+

pop , " : +lum+ f ( . . . )

f a m i l y = ’ b i n o m i a l ’ , d a t a = i n l a . s t a c k . d a t a ( s t k ) , c o n t r o l .

compute= l i s t ( d i c =TRUE) ,

c o n t r o l . p r e d i c t o r = l i s t (A= i n l a . s t a c k .A( s t k ) , compute=

TRUE) , v e r b o s e =TRUE)

save ( res4mesh3 , f i l e =" res4mesh3 . RData " )

#END

C.4 Binomial Models: Model Selection and Graphics

This code is used to generate and compare the goodness-of-fit of the models, and provide a

summary of the posterior densities of the main parameters of the selected models.

#SPATIO−TEMPORAL MODELLING / B e r n o u l l i model o f l e t h a l e v e n t s wor ldwide

2002−2013

# Th i s codes g e n e r a t e g r a p h i c s o f t h e random f i e l d ( mean + s t d . dev ) and

t h e p r o b a b i l i t y o f l e t h a l a t t a c k s based on t h e o u t p u t o f STbin _ t o t a l _

f l i p p e r v 2 . R

#The model t o be l o a d e d needs t o be t h e s e l e c t e d one .

se twd ( "~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE" )

# l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / S T b i n o m i a l t o t a l /

S T b i n t o t a l . RData " )
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l o a d ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / a rXiv /

R S S s t y l e f i l e / R_ code / S T b i n t o t a l . RData " ) # d a t a 2002−2013

l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / S T b i n o m i a l t o t a l / L l i n p a l

. RData " ) # l o a d custom p a l e t t e

r e q u i r e ( f o r e i g n )

r e q u i r e ( sp )

l i b r a r y ( INLA )

l i b r a r y ( s p a t s t a t )

l i b r a r y ( f i e l d s )

l i b r a r y ( m a p t o o l s )

l i b r a r y ( f i e l d s )

l i b r a r y ( l a t t i c e )

#Model s e l e c t i o n ( DIC v a l u e s compar i son )

summary ( r e s ) ; summary ( r e s 1 ) ; summary ( r e s 2 ) ; summary ( r e s 3 ) ;

summary ( r e s f i n a l ) ; summary ( r e s 5 ) ; summary ( r e s 4 )

#Model 4 b i s s e l e c t e d ( n o t e t h a t d i s t b i s n o t k e p t f o r model 5 . The

v a r i a b l e i s n o t " s i g n i f i c a n t " : n o t same s i g n between i n t e r q u a n t i l e )

# l o a d d a t a ?

# l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / SPDE . RData " )

# r e s 4<− r e s 4 b i s

GTD1<−GTD

# model w i th lower DIC

summary ( r e s f i n a l )

r e s $ cpu . used ; r e s 1 $ cpu . used ; r e s 2 $ cpu . used ; r e s 3 $ cpu . used

r e s f i n a l $ cpu . used ; r e s 4 $ cpu . used ; r e s 5 $ cpu . used

# compar i son wi th a l t e r n a t i v e meshes

round ( r e s f i n a l $summary . f i x e d , 3 ) #B0− , lum− , t t + , g r e g + , a l t +

l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / S T b i n o m i a l t o t a l /

r e s f i n a l m e s h 2 . RData " ) #3 v a r model

round ( r e s f i n a l m e s h 2 $summary . f i x e d , 3 ) #B0− , lum− , t t + , g r e g + , a l t /

l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / S T b i n o m i a l t o t a l /

r e s f i n a l m e s h 3 . RData " ) #3

round ( r e s f i n a l m e s h 3 $summary . f i x e d , 3 ) #B0− , lum− , t t + , g r e g + , a l t /

# p r i o r check

# spde $ f $ hype r . d e f a u l t

# c r e a t e p o i n t s i n l o c a t i o n o f mesh v e r t i c e s

m e s h v e r t<− r b i n d ( c ( mesh$ l o c [ , 1 ] , mesh$ l o c [ , 2 ] , mesh$ l o c [ , 3 ] ) )

# c o n v e r t from C a r t e s i a n xyz t o l a t i t u d e −l o n g i t u d e

l a t = a s i n ( mesh$ l o c [ , 3 ] )

l o n = a t a n 2 ( mesh$ l o c [ , 2 ] , mesh$ l o c [ , 1 ] )
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l a t <− l a t * 180 / p i

l o n<− l o n * 180 / p i # from r a d i a n t o d e g r e e

coord = c b i n d ( lon , l a t )

sp = S p a t i a l P o i n t s ( coord )

l o n g l a t<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+ e l l p s =WGS84"

p r o j 4 s t r i n g ( sp ) = CRS( l o n g l a t )

# p l o t ( s t u d y a r e a , c o l =" r e d " )

# p o i n t s ( coord , cex = 0 . 4 , pch ="+" )

bdry<− i n l a . sp2segment ( s t u d y a r e a )

bdry $ l o c <− i n l a . mesh . map ( bdry $ loc , p r o j e c t i o n =" l o n g l a t " , i n v e r s e =TRUE)

#mesh v e r s i o n t o be used f o r 4 v e r s i o n o f PhD

# h igh d e t a i l e d mesh

mesh<− i n l a . mesh . 2 d ( boundary =bdry , max . edge=c ( 3 , 1 0 0 0 ) / 180 , c u t o f f =3 / 180) #

s i m p l e : max . edge=c ( 6 , 1 0 0 0 0 ) / 180 , c u t o f f =10 .5 / 180)

# p l o t on 2d ( p r o j e c t i o n )

p r o j = i n l a . mesh . p r o j e c t o r ( mesh , p r o j e c t i o n = " l o n g l a t " , dims=c ( 1 4 4 4 , 7 2 4 )

)

win<−as . owin ( s t u d y a r e a )

l i b r a r y ( mgcv )

e<−expand . g r i d ( p r o j $x , p r o j $y )

i n s<− i n s i d e . owin ( e [ , 1 ] , e [ , 2 ] , win )

i n s<−m a t r i x ( i n s , nrow= l e n g t h ( p r o j $y ) )

# goodness−of− f i t

GTD1$lum<−as . numer ic ( lum )

GTD1$ a l t <−as . numer ic ( a l t )

GTD1$ d i s t b<−as . numer ic ( d i s t b )

GTD1$lum<−as . numer ic ( lum )

GTD1$pop<−as . numer ic ( pop )

GTD1$ t t <−as . numer ic ( t t )

GTD1$ gr eg<−as . numer ic ( g r eg )

GTD1$ t ime<−GTD1$ i y e a r −2001

l o c d f<−as . d a t a . f rame ( l o c )

GTD1$ l o c 1<−as . numer ic ( l o c d f [ , 1 ] )

GTD1$ l o c 2<−as . numer ic ( l o c d f [ , 2 ] )

GTD1$ l o c 3<−as . numer ic ( l o c d f [ , 3 ] )

m e a n f i n a l<− l i s t ( ) ; c o v f i n a l<− l i s t ( ) ; p r o b f i n a l<− l i s t ( )

mean0<− l i s t ( ) ; cov0<− l i s t ( ) ; p rob0<− l i s t ( )

mean3<− l i s t ( ) ; cov3<− l i s t ( ) ; p rob3<− l i s t ( )

mean5<− l i s t ( ) ; cov5<− l i s t ( ) ; p rob5<− l i s t ( )

l o c<− l i s t ( )
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f o r ( j i n 1 : k ) {

l o c [ [ j ] ]<−as . m a t r i x ( c b i n d (GTD1$ l o c 1 [GTD1$ t ime == j ] ,GTD1$ l o c 2 [GTD1$ t ime == j

] ,GTD1$ l o c 3 [GTD1$ t ime == j ] ) )

# f i n a l model

c o v f i n a l [ [ j ] ]<− r e s f i n a l $summary . f i x [ 1 , 1 ] + r e s f i n a l $summary . f i x [ 2 , 1 ] *GTD1

$lum [GTD1$ t ime == j ]+ r e s f i n a l $summary . f i x [ 3 , 1 ] *GTD1$ t t [GTD1$ t ime == j ] +

r e s f i n a l $summary . f i x [ 4 , 1 ] *GTD1$ greg [GTD1$ t ime == j ] + r e s f i n a l $summary .

f i x [ 5 , 1 ] *GTD1$ a l t [GTD1$ t ime == j ]

m e a n f i n a l [ [ j ] ]<− i n l a . mesh . p r o j e c t ( i n l a . mesh . p r o j e c t o r ( mesh , l o c = l o c [ [ j

] ] ) , r e s f i n a l $summary . random $ i $mean [ i s e t $ i . g roup == j ] )

p r o b f i n a l [ [ j ] ]<−b i n o m i a l ( l i n k = ’ l o g i t ’ ) $ l i n k i n v ( m e a n f i n a l [ [ j ] ] + c o v f i n a l [ [

j ] ] )

# Zero cov model

cov0 [ [ j ] ]<− r e s $summary . f i x [ 1 , 1 ]

mean0 [ [ j ] ]<− i n l a . mesh . p r o j e c t ( i n l a . mesh . p r o j e c t o r ( mesh , l o c = l o c [ [ j ] ] ) ,

r e s $summary . random $ i $mean [ i s e t $ i . g roup == j ] )

prob0 [ [ j ] ]<−b i n o m i a l ( l i n k = ’ l o g i t ’ ) $ l i n k i n v ( mean0 [ [ j ] ] + cov0 [ [ j ] ] )

#3 cov model

cov3 [ [ j ] ]<− r e s 3 $summary . f i x [ 1 , 1 ] + r e s 3 $summary . f i x [ 2 , 1 ] *GTD1$ t t [GTD1$

t ime == j ]+ r e s 3 $summary . f i x [ 3 , 1 ] *GTD1$pop [GTD1$ t ime == j ] + r e s 3 $summary .

f i x [ 4 , 1 ] *GTD1$ gr eg [GTD1$ t ime == j ]

mean3 [ [ j ] ]<− i n l a . mesh . p r o j e c t ( i n l a . mesh . p r o j e c t o r ( mesh , l o c = l o c [ [ j ] ] ) ,

r e s 3 $summary . random $ i $mean [ i s e t $ i . g roup == j ] )

prob3 [ [ j ] ]<−b i n o m i a l ( l i n k = ’ l o g i t ’ ) $ l i n k i n v ( mean3 [ [ j ] ] + cov3 [ [ j ] ] )

#5 cov model

cov5 [ [ j ] ]<− r e s 5 $summary . f i x [ 1 , 1 ] + r e s 5 $summary . f i x [ 2 , 1 ] *GTD1$pop [GTD1$

t ime == j ]+ r e s 5 $summary . f i x [ 3 , 1 ] *GTD1$lum [GTD1$ t ime == j ] + r e s 5 $summary .

f i x [ 4 , 1 ] *GTD1$ t t [GTD1$ t ime == j ] + r e s 5 $summary . f i x [ 5 , 1 ] *GTD1$ gr eg [GTD1

$ t ime == j ]+ r e s 5 $summary . f i x [ 6 , 1 ] *GTD1$ a l t [GTD1$ t ime == j ]

mean5 [ [ j ] ]<− i n l a . mesh . p r o j e c t ( i n l a . mesh . p r o j e c t o r ( mesh , l o c = l o c [ [ j ] ] ) ,

r e s 5 $summary . random $ i $mean [ i s e t $ i . g roup == j ] )

prob5 [ [ j ] ]<−b i n o m i a l ( l i n k = ’ l o g i t ’ ) $ l i n k i n v ( mean5 [ [ j ] ] + cov5 [ [ j ] ] )

}

# u n l i s t

GTD1$ p r o b f i n a l<− u n l i s t ( p r o b f i n a l )

GTD1$ prob5<− u n l i s t ( p rob5 )

GTD1$ prob3<− u n l i s t ( p rob3 )

GTD1$ prob0<− u n l i s t ( p rob0 )

rmsedf<−GTD1
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rmsedf $ n k i l l <− i f e l s e ( rmsedf $ n k i l l ==0 ,0 ,1 ) #4 t h column i s nb . f a t a l i t i e s :

change t o b i n a r y : l e t h a l ( 1 ) , non− l e t h a l ( 0 )

rmsedf<−rmsedf [ c ( " l a t i t u d e " , " l o n g i t u d e " , " n k i l l " , " p r o b f i n a l " , " prob5 " , "

prob3 " , " prob0 " ) ]

co lnames ( rmsedf ) <− c ( " l a t " , " l o n " , " obs " , " p r o b f i n a l " , " prob5 " , " prob3 " , "

prob0 " )

# remove i f NA

rmsedf<−rmsedf [ c o m p l e t e . c a s e s ( rmsedf ) , ]

r m s e p r o b f i n a l<− s q r t ( mean ( ( rmsedf $ obs−rmsedf $ p r o b f i n a l ) ^2 , na . rm=T ) ) ;

r m s e p r o b f i n a l

rmseprob5<− s q r t ( mean ( ( rmsedf $ obs−rmsedf $ prob5 ) ^2 , na . rm=T ) ) ; rmseprob5

rmseprob3<− s q r t ( mean ( ( rmsedf $ obs−rmsedf $ prob3 ) ^2 , na . rm=T ) ) ; rmseprob3

rmseprob0<− s q r t ( mean ( ( rmsedf $ obs−rmsedf $ prob0 ) ^2 , na . rm=T ) ) ; rmseprob0

m a e p r o b f i n a l<−mean ( abs ( rmsedf $ obs−rmsedf $ p r o b f i n a l ) , na . rm=T ) ;

m a e p r o b f i n a l

maeprob5<−mean ( abs ( rmsedf $ obs−rmsedf $ prob5 ) , na . rm=T ) ; maeprob5

maeprob3<−mean ( abs ( rmsedf $ obs−rmsedf $ prob3 ) , na . rm=T ) ; maeprob3

maeprob0<−mean ( abs ( rmsedf $ obs−rmsedf $ prob0 ) , na . rm=T ) ; maeprob0

xmean<− l i s t ( )

f o r ( j i n 1 : k ) {

xmean [ [ j ] ]<− i n l a . mesh . p r o j e c t ( p r o j , r e s f i n a l $summary . random $ i $mean [ i s e t

$ i . g roup == j ] ) # u p d a t e f i l e l o c a t i o n a c c o r d i n g t o model s e l e c t i o n

}

f o r ( j i n 1 : k ) {

xmean [ [ j ] ] [ ! i n s ]<−NA

}

p r o b s u r f<− l i s t ( )

f o r ( j i n 1 : k ) {

p r o b s u r f [ [ j ] ]<−b i n o m i a l ( l i n k = ’ l o g i t ’ ) $ l i n k i n v ( r e s f i n a l $summary . f i x

[ 1 , 1 ] + r e s f i n a l $summary . f i x [ 2 , 1 ] *GTD1$lum [GTD1$ t ime == j ]+

r e s f i n a l $summary . f i x [ 3 , 1 ] *GTD1$ t t [GTD1$ t ime == j ] + r e s f i n a l $summary .

f i x [ 4 , 1 ] *GTD1$ greg [GTD1$ t ime == j ] + r e s f i n a l $summary . f i x [ 5 , 1 ] *GTD1$

a l t [GTD1$ t ime == j ]+ xmean [ [ j ] ] )

}

# p l o t prob . s u r f a c e f o r y e a r 2002

dev . o f f ( )

p l o t . new ( )

b r e a k s<−seq ( 0 , 1 , by = 0 . 0 0 1 )
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n<− l e n g t h ( b r e a k s )−1

p a r ( cex =3 , mar=c ( 5 , 4 , 2 , 4 . 5 ) + 0 . 1 ) #mar : c ( bottom , l e f t , top , r i g h t )

image . p l o t ( p r o j $x , p r o j $y , p r o b s u r f [ [ 1 ] ] , c o l = L l i n p a l ( n ) , x l a b =" L o n g i t u d e " ,

x l im = c (−180 , 180) , y l im = c (−60 , 90) , z l im =c ( 0 , 1 ) , # z l im

c r e a t e s i d e n t i c a l s c a l e

main= 2001+1 , sub=" Prob s u r f " , y l a b =" L a t i t u d e " ,

b r e a k s = b r e a k s ) # s h o u l d have one more b r e a k t h a n c o l o r

# p l o t a l l y e a r s from 2002 t o 2013 and save i n f i l e a l l p i c t u r e s (30

p i c t u r e s )

f o r ( i i n 1 : 1 2 ) {

mypath= p a s t e ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE /

S T b i n o m i a l t o t a l / p r o b s u r f / p r o b s u r f " , i , " . png " , sep =" " )

png ( f i l e =mypath , wid th =1444 , h e i g h t =724)

p a r ( cex =3 , mar=c ( 5 , 4 , 2 , 3 . 5 ) + 0 . 1 ) #mar : c ( bottom , l e f t , top , r i g h t )

image . p l o t ( p r o j $x , p r o j $y , p r o b s u r f [ [ i ] ] , c o l = L l i n p a l ( n ) , x l a b =" L o n g i t u d e "

,

main=" P r o b a b i l i t y o f l e t h a l a t t a c k " , sub =2001+ i , y l a b =" L a t i t u d e " ,

x l im = c (−180 , 180) , y l im = c (−60 , 90) , z l im =c ( 0 , 1 ) ,

b r e a k s = b r e a k s )

dev . o f f ( )

}

dev . o f f ( )

p l o t . new ( )

f o r ( i i n 1 : 1 2 ) {

mypath= p a s t e ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE /

S T b i n o m i a l t o t a l / p r o b s u r f / p r o b s u r f " , i , " . eps " , sep =" " )

p o s t s c r i p t ( f i l e =mypath , h o r i z =FALSE , o n e f i l e =FALSE , wid th =21 , h e i g h t =8 ,

p a p e r =" a4 " )

p a r ( cex =3 , mar=c ( 3 . 7 5 , 0 . 1 , 1 . 7 5 , 3 . 4 ) + 0 . 1 ) #mar : c ( bottom , l e f t , top ,

r i g h t ) changed ’ mar ’ ( o r i g i n a l : mar=c ( 1 . 7 5 , 0 . 1 , 1 . 7 5 , 3 . 4 ) ) t o be

i n l i n e wi th random mean and sd p i c t u r e s

image . p l o t ( p r o j $x , p r o j $y , p r o b s u r f [ [ i ] ] , c o l = L l i n p a l ( n ) , x l a b =NA, y l a b =NA,

main=NA, axe s =FALSE ,

x l im = c (−180 , 180) , y l im = c (−60 , 90) , z l im =c ( 0 , 1 ) ,

b r e a k s = breaks , l e g e n d . s h r i n k = 1 . 1 )

dev . o f f ( )

}

# p u t e v e r y t h i n g i n t o one f i l e on ly

l i b r a r y ( r e s h a p e 2 )



268 Modelling Lethal Terrorism in Space and Time

p r o b s u r f d f<− l i s t ( )

f o r ( i i n 1 : 1 2 ) {

p r o b s u r f d f [ [ i ] ]<−me l t ( p r o b s u r f [ [ i ] ] )

p r o b s u r f d f [ [ i ] ] $ y e a r<−as . f a c t o r (2001+ i )

p r o b s u r f d f [ [ i ] ]<−p r o b s u r f d f [ [ i ] ] [ c ( " v a l u e " , " y e a r " ) ]

p r o b s u r f d f [ [ i ] ] $ l o n g i t u d e<−e $ Var1

p r o b s u r f d f [ [ i ] ] $ l a t i t u d e <−e $ Var2

p r o b s u r f d f [ [ i ] ]<−p r o b s u r f d f [ [ i ] ] [ which ( p r o b s u r f d f [ [ i ] ] $ l a t i t u d e > −57 &

p r o b s u r f d f [ [ i ] ] $ l a t i t u d e < 85) , ] # o p t i o n a l f o r p l o t t i n g

}

#mean of t h e random f i e l d

# p l o t a l l y e a r s from 2002 t o 2013 and save i n f i l e a l l p i c t u r e s (30

p i c t u r e s )

m i n r f<−min ( s a p p l y ( xmean , min , na . rm=TRUE) )

maxrf<−max ( s a p p l y ( xmean , max , na . rm=TRUE) )

brk<−seq ( minr f , maxrf , by = 0 . 0 1 )

n<− l e n g t h ( brk )−1

f o r ( i i n 1 : 1 2 ) {

mypath= p a s t e ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE /

S T b i n o m i a l t o t a l / b i r f / b i r f " , i , " . png " , sep =" " )

png ( f i l e =mypath , wid th =1444 , h e i g h t =724)

p a r ( cex =3 , mar=c ( 5 , 4 , 2 , 3 . 5 ) + 0 . 1 ) #mar : c ( bottom , l e f t , top , r i g h t )

image . p l o t ( p r o j $x , p r o j $y , xmean [ [ i ] ] , c o l = L l i n p a l ( n ) , x l a b =" L o n g i t u d e " ,

main="Mean of t h e Random f i e l d " , sub =2001+ i , y l a b =" L a t i t u d e " ,

x l im = c (−180 , 180) , y l im = c (−60 , 90) , z l im =c ( minr f , maxrf ) ,

b r e a k s = brk )

dev . o f f ( )

}

m i n r f<−min ( s a p p l y ( xmean , min , na . rm=TRUE) )

maxrf<−max ( s a p p l y ( xmean , max , na . rm=TRUE) )

brk<−seq ( minr f , maxrf , by = 0 . 0 1 )

n<− l e n g t h ( brk )−1

f o r ( i i n 1 : 1 2 ) {

mypath= p a s t e ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE /

S T b i n o m i a l t o t a l / b i r f / b i r f " , i , " . eps " , sep =" " )

p o s t s c r i p t ( f i l e =mypath , h o r i z =FALSE , o n e f i l e =FALSE , wid th =21 , h e i g h t =8 ,

p a p e r =" a4 " )

p a r ( cex =3 , mar=c ( 1 . 7 5 , 0 . 1 , 1 . 7 5 , 3 . 4 ) + 0 . 1 ) #mar : c ( bottom , l e f t , top ,

r i g h t )
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image . p l o t ( p r o j $x , p r o j $y , xmean [ [ i ] ] , c o l = L l i n p a l ( n ) , x l a b =NA, y l a b =NA,

main=NA, axes =FALSE , z l im =c ( minr f , maxrf ) ,

b r e a k s = brk )

dev . o f f ( )

}

# s t a n d a r d d e v i a t i o n o f t h e random f i e l d

xsd<− l i s t ( )

f o r ( j i n 1 : k ) {

xsd [ [ j ] ]<− i n l a . mesh . p r o j e c t ( p r o j , r e s 4 $summary . random $ i $ sd [ i s e t $ i . g roup

== j ] )

}

f o r ( j i n 1 : k ) {

xsd [ [ j ] ] [ ! i n s ]<−NA

}

minsd<−min ( s a p p l y ( xsd , min , na . rm=TRUE) )

maxsd<−max ( s a p p l y ( xsd , max , na . rm=TRUE) )

brk<−seq ( minsd , maxsd , by = 0 . 0 1 )

n<− l e n g t h ( brk )−1

f o r ( i i n 1 : 1 2 ) {

mypath= p a s t e ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE /

S T b i n o m i a l t o t a l / b i s d r f / b i s d r f " , i , " . png " , sep =" " )

png ( f i l e =mypath , wid th =1444 , h e i g h t =724)

p a r ( cex =3 , mar=c ( 5 , 4 , 2 , 3 . 5 ) + 0 . 1 ) #mar : c ( bottom , l e f t , top , r i g h t )

image . p l o t ( p r o j $x , p r o j $y , xsd [ [ i ] ] , c o l = L l i n p a l ( n ) , x l a b =" L o n g i t u d e " ,

main=" S t a n d a r d d e v i a t i o n o f t h e Random f i e l d " , sub =2001+ i ,

y l a b =" L a t i t u d e " ,

x l im = c (−180 , 180) , y l im = c (−60 , 90) , z l im =c ( minsd , maxsd ) ,

b r e a k s = brk )

dev . o f f ( )

}

minsd<−min ( s a p p l y ( xsd , min , na . rm=TRUE) )

maxsd<−max ( s a p p l y ( xsd , max , na . rm=TRUE) )

brk<−seq ( minsd , maxsd , by = 0 . 0 1 )

n<− l e n g t h ( brk )−1

dev . o f f ( )

p l o t . new ( )

f o r ( i i n 1 : 1 2 ) {
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mypath= p a s t e ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE /

S T b i n o m i a l t o t a l / b i s d r f / b i s d r f " , i , " . eps " , sep =" " )

p o s t s c r i p t ( f i l e =mypath , h o r i z =FALSE , o n e f i l e =FALSE , wid th =21 , h e i g h t =8 ,

p a p e r =" a4 " )

p a r ( cex =3 , mar=c ( 1 . 7 5 , 0 . 1 , 1 . 7 5 , 3 . 4 ) + 0 . 1 ) #mar : c ( bottom , l e f t , top ,

r i g h t )

image . p l o t ( p r o j $x , p r o j $y , xsd [ [ i ] ] , c o l = L l i n p a l ( n ) , x l a b =NA, y l a b =NA,

main=NA, axe s =FALSE , z l im =c ( minsd , maxsd ) ,

b r e a k s = brk )

dev . o f f ( )

}

# graph ( p a r a m e t e r p o s t e r i o r d e n s i t i e s )

# i n t e r c e p t

p a r ( mfrow=c ( 1 , 2 ) , mar=c ( 3 , 3 . 5 , 0 , 0 ) , mgp=c ( 1 . 5 , . 5 , 0 ) , l a s =0)

p l o t ( r e s f i n a l $ m a r g i n a l s . f i x [ [ 1 ] ] , t y p e = ’ l ’ , x l a b = ’ I n t e r c e p t ’ , y l a b = ’

P o s t e r i o r d e n s i t y ’ ) # u p d a t e f i l e l o c a t i o n a c c o r d i n g t o model s e l e c t i o n

r f s d<−d e n s i t y ( r e s f i n a l $summary . random $ i [ [ 3 ] ] ) # , x l a b = ’ sd o f t h e random

f i e l d ’ , y l a b = ’ P o s t e r i o r d e n s i t y ’ )

p l o t ( r f s d , main= ’ ’ , x l a b = ’ s t a n d a r d d e v i a t i o n o f t h e random f i e l d ’ , y l a b = ’

P o s t e r i o r d e n s i t y ’ )

# Beta c o e f f i c i e n t s

round ( r e s f i n a l $summary . f i x e d [ , 1 : 5 ] , 3 )

# t e m p o r a l and s p a t i a l p a r a m e t e r s

summary ( r e s f i n a l )

# S p a t i a l p a r a m e t e r s wi th nomina l s c a l e ( t ime i s a g g r e g a t e d )

spde . r e s f i n a l <− i n l a . spde2 . r e s u l t ( r e s f i n a l , name=" i " , spde , do . t r a n s f o r m =

TRUE) #do . t r a n s f o r m p u t i n c o r r e c t s c a l e

# kappa / computed u s i n g t h e a p p r o a c h from B l a n g i a r d o & C a m e l e t t i ( 2 0 1 5 )

Kappa<− i n l a . e m a r g i n a l ( f u n c t i o n ( x ) x , spde . r e s f i n a l $ m a r g i n a l s . kappa [ [ 1 ] ] )

# kappa ( mean )

Kappahpd<− i n l a . h p d m a r g i n a l ( 0 . 9 5 , spde . r e s f i n a l $ m a r g i n a l s . kappa [ [ 1 ] ] ) #

kappa ( hpd 95%)

# v a r i a n c e o f t h e random f i e l d

v a r i a n c e<− i n l a . e m a r g i n a l ( f u n c t i o n ( x ) x , spde . r e s f i n a l $ m a r g i n a l s . v a r i a n c e

. nomina l [ [ 1 ] ] ) # v a r i a n c e ( mean )

v a r i a n c e h p d<− i n l a . h p d m a r g i n a l ( 0 . 9 5 , spde . r e s f i n a l $ m a r g i n a l s . v a r i a n c e .

nomina l [ [ 1 ] ] ) # v a r i a n c e ( hpd 95%)

# r a n g e i n r a d i a n

r a n g e<− i n l a . e m a r g i n a l ( f u n c t i o n ( x ) x , spde . r e s f i n a l $ m a r g i n a l s . r a n g e .

nomina l [ [ 1 ] ] ) # r a n g e ( mean )
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r angehpd<− i n l a . h p d m a r g i n a l ( 0 . 9 5 , spde . r e s f i n a l $ m a r g i n a l s . r a n g e . nomina l

[ [ 1 ] ] ) # r a n g e ( hpd 95%)

# M a t rn

mate rn <− f u n c t i o n ( lambda , kappa , d i s t )

2^(1− lambda ) / gamma ( lambda ) * ( kappa * d i s t ) ^ lambda * b e s s e l K ( x= d i s t * kappa

, nu=lambda )

d i s t . x = seq ( 0 , 0 . 3 1 , l =100)

lambda<−1

kappa<−c ( Kappahpd [ , 1 ] , Kappa , Kappahpd [ , 2 ] )

new . p l o t ( )

dev . o f f ( )

mypath<−"~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / S T b i n o m i a l t o t a l /

Matern . eps "

p o s t s c r i p t ( f i l e =mypath , h o r i z =FALSE , o n e f i l e =FALSE , wid th =0 , h e i g h t =0 , p a p e r =

" d e f a u l t " )

p a r ( cex = 3 . 0 , mar=c ( 4 , 4 , 1 . 0 , 1 . 0 ) + 0 . 1 , mgp=c ( 2 . 3 , 1 , 0 ) ) #mar : c ( bottom ,

l e f t , top , r i g h t )

p l o t ( d i s t . x , ma te rn ( lambda , kappa=kappa [ 2 ] , d i s t . x ) , lwd =3 , t y p e =" l " , y l a b ="

M a t rn c o v a r i a n c e f u n c t i o n " , x l a b =" d i s t a n c e [km] " , l t y =1 , x a x t = ’ n ’ )

l i n e s ( d i s t . x , ma te rn ( lambda , kappa=kappa [ 1 ] , d i s t . x ) , lwd =3 , t y p e =" l " , y l a b =NA

, x l a b =NA, l t y =2)

l i n e s ( d i s t . x , ma te rn ( lambda , kappa=kappa [ 3 ] , d i s t . x ) , lwd =3 , t y p e =" l " , y l a b =NA

, x l a b =NA, l t y =2)

a b l i n e ( a = 0 . 1 , b =0 , v = NULL, r e g = NULL, l t y =3 , lwd =2) # f o r v e r t i c a l

v a l u e v= r a n g e

a b l i n e ( v = range , l t y =3 , lwd =2) # f o r v e r t i c a l v a l u e v= r a n g e

a x i s ( 1 , a t = seq ( 0 ,2000 / 6371 ,500 / 6371) , l a b e l s =c ( 0 , 5 0 0 , 1 0 0 0 , 1 5 0 0 , 2 0 0 0 ) ) #1

r a d =6371km , 2000 km=2000 / 6371 r a d

dev . o f f ( )

# f o r t h e s i s

p l o t . new ( )

dev . o f f ( )

mypath<−"C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD / La tex /

phd−t h e s i s −t e m p l a t e−phd−l a t e x −t e m p l a t e− l a t e s t −s t a b l e / C h a p t e r 5 / F i g s /

PDF / Matern . pdf "

pdf ( f i l e =mypath , o n e f i l e =FALSE , p a p e r =" s p e c i a l " )

p a r ( cex = 2 . 2 , mar=c ( 4 , 4 , 1 . 0 , 1 . 0 ) + 0 . 1 , mgp=c ( 2 . 3 , 1 , 0 ) ) #mar : c ( bottom ,

l e f t , top , r i g h t )
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p l o t ( d i s t . x , ma te rn ( lambda , kappa=kappa [ 2 ] , d i s t . x ) , lwd =3 , t y p e =" l " , y l a b ="

M a t rn c o v a r i a n c e f u n c t i o n " , x l a b =" d i s t a n c e [km] " , l t y =1 , x a x t = ’ n ’ ,

y a x t = ’ n ’ )

l i n e s ( d i s t . x , ma te rn ( lambda , kappa=kappa [ 1 ] , d i s t . x ) , lwd =3 , t y p e =" l " , y l a b =NA

, x l a b =NA, l t y =2)

l i n e s ( d i s t . x , ma te rn ( lambda , kappa=kappa [ 3 ] , d i s t . x ) , lwd =3 , t y p e =" l " , y l a b =NA

, x l a b =NA, l t y =2)

a b l i n e ( a = 0 . 1 , b =0 , v = NULL, r e g = NULL, l t y =3 , lwd =2) # f o r v e r t i c a l

v a l u e v= r a n g e

a b l i n e ( v = range , l t y =3 , lwd =2) # f o r v e r t i c a l v a l u e v= r a n g e

a x i s ( 1 , a t = seq ( 0 ,2000 / 6371 ,500 / 6371) , l a b e l s =c ( 0 , 5 0 0 , 1 0 0 0 , 1 5 0 0 , 2 0 0 0 ) ) #1

r a d =6371km , 2000 km=2000 / 6371 r a d

a x i s ( 2 , a t = seq ( 0 , 0 . 8 , 0 . 2 ) , l a b e l s =c ( 0 . 0 , 0 . 2 , 0 . 4 , 0 . 6 , 0 . 8 ) ) #1 r a d =6371km ,

2000 km=2000 / 6371 r a d

dev . o f f ( )

# c o m p u t a t i o n a l t ime

#MCMC (N^3) i n R2

MCMC<−(9697 * 12) ^3

#INLA (N^( 3 / 2 ) ) i n R2

INLA<−(9697 * 12) ^ ( 3 / 2 )

# r a t i o n INLA /MCMC

MCMC/ INLA

# p l o t compar ing b i n o m i a l w i th d e f a u l t p r i o r s and manual p r i o r s

# l o a d i n g f i r s t b i n o m i a l w i th d e f a u l t p r i o r s

c o e f f<−as . d a t a . f rame ( r e s f i n a l $summary . f i x e d [ 3 : 5 ] ) # keep 0 .025Q, 0 . 5 Q, 0 . 9 7 5

Q

# kappa / computed u s i n g B l a n g i a r d o & C a m e l e t t i ( 2 0 1 5 )

v a r i a n c e<− i n l a . e m a r g i n a l ( f u n c t i o n ( x ) x , spde . r e s f i n a l $ m a r g i n a l s . v a r i a n c e

. nomina l [ [ 1 ] ] ) # v a r i a n c e ( mean )

v a r i a n c e h p d<− i n l a . h p d m a r g i n a l ( 0 . 9 5 , spde . r e s f i n a l $ m a r g i n a l s . v a r i a n c e .

nomina l [ [ 1 ] ] ) # v a r i a n c e ( hpd 95%)

r a n g e<− i n l a . e m a r g i n a l ( f u n c t i o n ( x ) x , spde . r e s f i n a l $ m a r g i n a l s . r a n g e .

nomina l [ [ 1 ] ] ) # r a n g e ( mean )

rangehpd<− i n l a . h p d m a r g i n a l ( 0 . 9 5 , spde . r e s f i n a l $ m a r g i n a l s . r a n g e . nomina l

[ [ 1 ] ] ) # r a n g e ( hpd 95%)

r<−as . v e c t o r ( c ( r angehpd [ 1 ] , range , r angehpd [ 2 ] ) ) # keep 0 .025Q, 0 . 5 Q, 0 . 9 7 5Q

t<−as . v e c t o r ( c (1 / v a r i a n c e h p d [ 2 ] , 1 / v a r i a n c e , 1 / v a r i a n c e h p d [ 1 ] ) ) # keep 0 .025

Q, 0 . 5 Q, 0 . 9 7 5Q
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d e f<− r b i n d ( c o e f f , r , t )

d e f $ model<−1

# wi th manual p r i o r ( l i n k t o be a d j u s t e d once t h e model i s run )

c o e f f 2<−as . d a t a . f rame ( r e s p r i o r $summary . f i x e d [ 3 : 5 ] ) # keep 0 .025Q, 0 . 5 Q

, 0 . 9 7 5Q

v a r i a n c e<− i n l a . e m a r g i n a l ( f u n c t i o n ( x ) x , spde . r e s p r i o r $ m a r g i n a l s . v a r i a n c e

. nomina l [ [ 1 ] ] ) # v a r i a n c e ( mean )

v a r i a n c e h p d<− i n l a . h p d m a r g i n a l ( 0 . 9 5 , spde . r e s p r i o r $ m a r g i n a l s . v a r i a n c e .

nomina l [ [ 1 ] ] ) # v a r i a n c e ( hpd 95%)

r a n g e<− i n l a . e m a r g i n a l ( f u n c t i o n ( x ) x , spde . r e s p r i o r $ m a r g i n a l s . r a n g e .

nomina l [ [ 1 ] ] ) # r a n g e ( mean )

rangehpd<− i n l a . h p d m a r g i n a l ( 0 . 9 5 , spde . r e s p r i o r $ m a r g i n a l s . r a n g e . nomina l

[ [ 1 ] ] ) # r a n g e ( hpd 95%)

r2<−as . v e c t o r ( c ( r angehpd [ 1 ] , range , r angehpd [ 2 ] ) ) # keep 0 .025Q, 0 . 5 Q, 0 . 9 7 5Q

t 2<−as . v e c t o r ( c (1 / v a r i a n c e h p d [ 2 ] , 1 / v a r i a n c e , 1 / v a r i a n c e h p d [ 1 ] ) ) # keep

0 .025Q, 0 . 5 Q, 0 . 9 7 5Q

def 2<− r b i n d ( c o e f f 2 , r2 , t 2 )

de f 2 $ model<−2

a l l d e f <− r b i n d ( def , de f2 )

a l l d e f $ model<−as . f a c t o r ( a l l d e f $ model )

a l l d e f $name<−c ( " b0 " , " lum " , " t t " , " g r e g " , " a l t " , " r a n g e " , " t a u " , " b0 " , " lum " , " t t

" , " g r eg " , " a l t " , " r a n g e " , " t a u " )

a l l d e f <− a l l d e f [ o r d e r ( a l l d e f $name , a l l d e f $ model ) , ]

a l l d e f $ number<−as . numer ic ( c ( " 3 " , " 4 " , " 1 " , " 2 " , " 7 " , " 8 " , " 5 " , " 6 " , " 11 " , " 12 " , "

13 " , " 14 " , " 9 " , " 10 " ) )

a l l d e f <− a l l d e f [ o r d e r ( a l l d e f $ number ) , ]

p l o t . new ( )

dev . o f f ( )

mypath<−"~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / S T b i n o m i a l t o t a l /

b i n p r i o r c o m p a . eps "

p o s t s c r i p t ( f i l e =mypath , h o r i z =FALSE , o n e f i l e =FALSE , wid th =0 , h e i g h t =0 , p a p e r =

" d e f a u l t " )

p a r ( cex =2 , mar=c ( 2 . 2 , 4 . 3 , 0 . 3 , 0 . 8 ) + 0 . 1 ) #mar : c ( bottom , l e f t , top , r i g h t )

d o t c h a r t ( a l l d e f [ , 2 ] , l a b e l s =c ( e x p r e s s i o n ( b e t a [ 0 ] ) , " " , e x p r e s s i o n ( b e t a [ a l t

] ) , " " , e x p r e s s i o n ( b e t a [ lum ] ) , " " , e x p r e s s i o n ( b e t a [ g re g ] ) , " " , e x p r e s s i o n (

b e t a [ t t ] ) , " " , e x p r e s s i o n ( i t a l i c ( r a n g e ) ) , " " , e x p r e s s i o n ( t a u ) , " " ) ,

pch=c ( 1 9 , 1 7 ) , # pch=c ( 2 1 , 1 7 ) ,# bg=c ( " b l a c k " , " w h i t e " ) ,
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xl im =c ( min ( a l l d e f [ , 1 ] ) , max ( a l l d e f [ , 3 ] ) ) )

segmen t s ( a l l d e f [ ,2 ] − ( a l l d e f [ ,2] − a l l d e f [ , 1 ] ) , 1 : 1 4 , a l l d e f [ , 2 ] + ( a l l d e f [ ,3] −
a l l d e f [ , 2 ] ) , 1 : 1 4 , lwd =2)

dev . o f f ( )

C.5 Poisson Models: Data Aggregation

This code generate data used for the Poisson models (including GTD extraction, mesh,

covariates, and study area). The time period is 2002-2013 (12 years).

# C r e a t i n g d a t a used f o r d i f f e r e n t models ( s p a c e ) o r ( s p a t i o −t e m p o r a l ) o f

t e r r o r i s m based on SPDE / INLA

# i n c l u d i n g GTD e x t r a c t i o n , mesh , c o v a r i a t e s , and s t u d y a r e a . Time

s e l e c t e d i s 2002−2013 (12 y e a r s )

se twd ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R /

SPDE" )

r e q u i r e ( f o r e i g n )

r e q u i r e ( sp )

r e q u i r e ( RandomFields )

l i b r a r y ( INLA )

l i b r a r y ( s p a t s t a t )

l i b r a r y ( f i e l d s )

l i b r a r y ( m a p t o o l s )

l i b r a r y ( f i e l d s )

l i b r a r y ( l a t t i c e )

l i b r a r y ( l a t t i c e E x t r a )

l i b r a r y ( spdep )

l i b r a r y ( p l y r )

# i f one does n o t want t o run t h e e n t i r e code : l o a d i n g d a t a ( q u i c k e r t h a n

r u n n i n g t h e e n t i r e code . . )

# l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / SPDE_ n b e v e n t s _ f i n a l .

RData " )

# 1 . I mp or t t e r r o r i s t e v e n t s wor ldwide from GTD

GTD<− r e a d . csv ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD

/ PhD_R /GTD/ GTDworld . csv " )

# GTD from 2002 t o 2013 i s c a l l e d GTD1

GTD1 <− s u b s e t (GTD, i y e a r > 2001 & i y e a r < 2014) # s e l e c t i n g 12 y e a r s o f

o b s e r v a t i o n s

# keep on ly n k i l l v a r i a b l e and c i t y , c o u n t r y , year , l a t i t u d e , l o n g i t u d e

GTD1<−GTD1[ c ( 1 , 2 , 4 , 7 , 8 , 1 5 ) ]
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# c r e a t e a new v a r i a b l e t h a t d i s t i n g u i s h l e t h a l from non− l e t h a l a t t a c k

GTD1$ l e t h a l <− i f e l s e (GTD1$ n k i l l >0 , 1 , 0 )

# c r e a t e a new v a r i a b l e t h a t w i l l be used t o sum t h e t o t a l number o f

a t t a c k

GTD1$ t o t a l <− 1

# Aggrega t e t o SRt deg . l e v e l ( i n o r d e r t o be c o n s i s t e n t w i th t h e

r e s o l u t i o n o f t h e model )

# s p a t i o a l r e s o l u t i o n t h r e s h o l d SRt

SRt<−0 . 5 # c o u l d be m o d i f i e d a c c o r d i n g t o d e s i r e d r e s o l u t i o n

GTD1$ l a t i t u d e <−round (GTD1$ l a t i t u d e / SRt ) *SRt

GTD1$ l o n g i t u d e<−round (GTD1$ l o n g i t u d e / SRt ) *SRt

GTD1<−GTD1[ c ( 2 , 3 , 4 , 5 , 6 , 7 , 8 ) ]

l e t h a l <−a g g r e g a t e ( l e t h a l ~ l a t i t u d e + l o n g i t u d e + i y e a r , GTD1, sum ) # keep 1790

o b s e r v a t i o n s ( l o c a t i o n s w i t h i n a r a d i u s o f 0 . 2 5 deg )

t o t a l <−a g g r e g a t e ( t o t a l ~ l a t i t u d e + l o n g i t u d e + i y e a r , GTD1, sum )

GTDle tha l<−merge ( t o t a l , l e t h a l , by=c ( " l a t i t u d e " , " l o n g i t u d e " , " i y e a r " ) )

GTDcountry<−GTD1[ c ( 1 , 3 , 4 ) ]

GTDcountry<−GTDcountry [ ! d u p l i c a t e d ( GTDcountry ) , ]

GTDcountry<−GTDcountry [ ! d u p l i c a t e d ( GTDcountry [ , 2 : 3 ] ) , ] # keep f o r each l a t

, l o n one c o u n t r y

GTDle tha l<−merge ( GTDlethal , GTDcountry , by=c ( " l a t i t u d e " , " l o n g i t u d e " ) )

any ( i s . na ( GTDle tha l ) ) # check i f NA p r e s e n t ( s h o u l d n o t be t h e c a s e )

# 2 . Pu t p o i n t s on to t h e u n i t s p h e r e

l o c<−GTDle tha l [ , 1 : 2 ] # s e l e c t l a t i t u d e and l o n g i t u d e

l o c<− l o c * p i / 180

l a t <− l o c [ , 1 ]

l o n<− l o c [ , 2 ]

l o c = c b i n d ( cos ( l a t ) * cos ( l o n ) , cos ( l a t ) * s i n ( l o n ) , s i n ( l a t ) ) # change as

s p h e r i c a l c o o r d i n a t e s ( r , phi , t h e t a )

# 3 . G e n e r a t e meshes on t h e s p h e r e ( t o be a d j u s t e d f o r b e t t e r r e s u l t s )

# s e l e c t s t u d y a r e a and d e l e t e s m a l l p o l y g o ns

wor ld . map <− r e a d S h a p e S p a t i a l ( "C : / Use r s / apy thon / Documents / Andre /

E d u c a t i o n / StAndrews / PhD / PhD_ArcGIS / World map / wor ld . shp " )

p r o j 4 s t r i n g ( wor ld . map )<−CRS( "+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84

=0 ,0 ,0+ e l l p s =WGS84" )

s t u d y a r e a <− world . map [ wor ld . map$F_AREA > 9000000000 , ] # d e l e t e s m a l l

p o l y go n s

# p l o t ( s t u d y a r e a )

# i n o r d e r t o have a mesh on a s p h e r e ( S2 )
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bdry<− i n l a . sp2segment ( s t u d y a r e a )

bdry $ l o c <− i n l a . mesh . map ( bdry $ loc , p r o j e c t i o n =" l o n g l a t " , i n v e r s e =TRUE)

#Mesh

# h igh d e t a i l e d mesh

mesh<− i n l a . mesh . 2 d ( boundary =bdry , max . edge=c ( 3 , 1 0 0 0 ) / 180 , c u t o f f =3 / 180) #

s i m p l e : max . edge=c ( 6 , 1 0 0 0 0 ) / 180 , c u t o f f =10 .5 / 180)

# p l o t ( mesh , r g l =TRUE, draw . segmen t s =FALSE , edge . c o l o r = rgb ( 0 . 2 5 , 0 . 2 5 ,

0 . 2 5 ) )

# i n t e r i o r <− i n l a . mesh . i n t e r i o r ( mesh )

# f o r ( i i n 1 : l e n g t h ( i n t e r i o r ) ) {

# l i n e s ( i n t e r i o r [ [ i ] ] , c o l =1 , r g l =TRUE, lwd =2)

# }

# C o v a r i a t e s

# P o p u l a t i o n d e n s i t y 2000

# Gr idded P o p u l a t i o n o f t h e World (GPW) 2000 ( which has been reworked i n

a r c g i s i n o r d e r t o p u t 0 i f no v a l u e s + e x t e n t t o −90;90 l a t i t u d e )

# wi th a r c g i s " r a s t e r c a l c u l a t o r " f u n c t i o n : Con ( I s N u l l ( " i n p u t r a s t e r ) , 0 , "

i n p u t r a s t e r " ) and p r o c e s s i n g e n v i r o n m e n t add l a t −90 t o 90 and l o n

−180 t o 180)

# t h e n e x p o r t e d as ASCII wi th a r c g i s " sample " f u n c t i o n

r e q u i r e ( r a s t e r )

pop00<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / f l i p p e r / g l d s 0 0 a g _0 add " )

p r o j e c t i o n ( pop00 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

# c r e a t e l o n l a t i n m a t r i x form

xy<−c b i n d ( GTDle tha l [ , 2 ] , GTDle tha l [ , 1 ] ) # s e l e c t t h e 3 rd ( l o n ) and 2nd ( l a t

) v a r i a b l e o f GTD

# e x t r a c t c o o r d i n a t e s from p o p u l a t i o n a t t h e l o c a t i o n o f t h e p o i n t s

c o o r d i n a t e s

# a b i l i n e a r l method + b u f f e r zone i s used i f d a t a i s n o t p r o v i d e d ( long

d u r a t i o n b u t e n s u r e no NA v a l u e s )

pop<− e x t r a c t ( pop00 , xy , method= ’ b i l i n e a r ’ ) # e x t r a c t c o v a r i a t e v a l u e a t

p o i n t l o c a t i o n s

summary ( pop ) # check i f NA:

pop<−as . v e c t o r ( pop )

# r e p l a c e NA v a l u e s by 0 : n o t do i t − t h i s may c a u s e i s s u e s i f l a r g e c i t i e s

a r e n o t p r o v i d e wi th v a l u e s and r e p l a c e d by 0 . Should be a v o i d e d by

u s i n g b i l a t e r a l + b u f f e r zone e x t r a c t .
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#pop [ i s . na ( pop ) ] <− 0

pop<− s c a l e ( pop ) # n o r m a l i s i n g d a t a ( mean =0 , sd =1) f o r b e t t e r INLA p r o c e s s

#End p o p u l a t i o n d e n s i t y 2000

# L u m i n o s i t y ( s p a t i o −t e m p o r a l c o v a r i a t e )

# a dd in g l u m i n o s i t y d a t a a s s p a t i o −t e m p o r a l c o v a r i a t e

# s a t e l l i t e n i g h t l i g h t ( which has been reworked i n a r c g i s i n o r d e r t o

p u t 0 i f no v a l u e s + e x t e n t t o −90;90 l a t i t u d e )

# wi th a r c g i s " r a s t e r c a l c u l a t o r " f u n c t i o n : Con ( I s N u l l ( " i n p u t r a s t e r " ) , 0 , "

i n p u t r a s t e r " ) and p r o c e s s i n g e n v i r o n m e n t add l a t −90 t o 90 and l o n

−180 t o 180)

# t h e n e x p o r t e d as ASCII wi th a r c g i s " sample " f u n c t i o n

lum02<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / l u m i n o s i t y / lum02 . t i f " )

p r o j e c t i o n ( lum02 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

lum03<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / l u m i n o s i t y / lum03 . t i f " )

p r o j e c t i o n ( lum03 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

lum04<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / l u m i n o s i t y / lum04 . t i f " )

p r o j e c t i o n ( lum04 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

lum05<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / l u m i n o s i t y / lum05 . t i f " )

p r o j e c t i o n ( lum05 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

lum06<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / l u m i n o s i t y / lum06 . t i f " )

p r o j e c t i o n ( lum06 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

lum07<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / l u m i n o s i t y / lum07 . t i f " )

p r o j e c t i o n ( lum07 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

lum08<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / l u m i n o s i t y / lum08 . t i f " )

p r o j e c t i o n ( lum08 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"
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lum09<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / l u m i n o s i t y / lum09 . t i f " )

p r o j e c t i o n ( lum09 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

lum10<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / l u m i n o s i t y / lum10 . t i f " )

p r o j e c t i o n ( lum10 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

lum11<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / l u m i n o s i t y / lum11 . t i f " )

p r o j e c t i o n ( lum11 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

lum12<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / l u m i n o s i t y / lum12 . t i f " )

p r o j e c t i o n ( lum12 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

lum13<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_ArcGIS / l u m i n o s i t y / F182013 . v4c _web . s t a b l e _ l i g h t s . avg _ v i s . t i f " )

p r o j e c t i o n ( lum13 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

# E x t r a c t l u m i n o s i t y v a l u e s a t l o c a t i o n s i n s p a c e and t ime d e f i n e d by GTD

space−t ime l o c a t i o n s

lum02<−as . d a t a . f rame ( lum02<− e x t r a c t ( lum02 , xy , method= ’ b i l i n e a r ’ ) )

lum03<−as . d a t a . f rame ( lum03<− e x t r a c t ( lum03 , xy , method= ’ b i l i n e a r ’ ) )

lum04<−as . d a t a . f rame ( lum04<− e x t r a c t ( lum04 , xy , method= ’ b i l i n e a r ’ ) )

lum05<−as . d a t a . f rame ( lum05<− e x t r a c t ( lum05 , xy , method= ’ b i l i n e a r ’ ) )

lum06<−as . d a t a . f rame ( lum06<− e x t r a c t ( lum06 , xy , method= ’ b i l i n e a r ’ ) )

lum07<−as . d a t a . f rame ( lum07<− e x t r a c t ( lum07 , xy , method= ’ b i l i n e a r ’ ) )

lum08<−as . d a t a . f rame ( lum08<− e x t r a c t ( lum08 , xy , method= ’ b i l i n e a r ’ ) )

lum09<−as . d a t a . f rame ( lum09<− e x t r a c t ( lum09 , xy , method= ’ b i l i n e a r ’ ) )

lum10<−as . d a t a . f rame ( lum10<− e x t r a c t ( lum10 , xy , method= ’ b i l i n e a r ’ ) )

lum11<−as . d a t a . f rame ( lum11<− e x t r a c t ( lum11 , xy , method= ’ b i l i n e a r ’ ) )

lum12<−as . d a t a . f rame ( lum12<− e x t r a c t ( lum12 , xy , method= ’ b i l i n e a r ’ ) )

lum13<−as . d a t a . f rame ( lum13<− e x t r a c t ( lum13 , xy , method= ’ b i l i n e a r ’ ) )

# i n t e r c a l i b r a t i o n based on Elv idge2013

# P r o c e s s : 1 ) c a l c u l a t e : Y = C0 + C1X + C2X^2 / / 2 ) Va lues > 63 a r e

t r u n c a t e d a t 63 / / 3 ) v a l u e s = 0 s t a y z e r o .

# S a t Year C0 C1 C2

# F15 2002 0 .0491 0 .9568 0 .0010

# F15 2003 0 .2217 1 .5122 −0.0080
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# F16 2004 0 .2853 1 .1955 −0.0034

# F16 2005 −0.0001 1 .4159 −0.0063

# F16 2006 0 .1065 1 .1371 −0.0016

# F16 2007 0 .6394 0 .9114 0 .0014

# F16 2008 0 .5564 0 .9931 0 .0000

# F16 2009 0 .9492 1 .0683 −0.0016

# F18 2010 2 .3430 0 .5102 0 .0065

# F18 2011 1 .8956 0 .7345 0 .0030

# F18 2012 1 .8750 0 .6203 0 .0052

f02 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 0 .0491+0 .9568 *x +0.0010 *x ^2 , 0 ) }# i f t h e

v a l u e s a r e above 0 , e x e c u t e i n t e r c a l i b r a t i o n

f03 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 0 .2217+1 .5122 *x +0.0010 *x ^2 , 0 ) }

f04 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 0 .2853+1 .1955 *x +0.0010 *x ^2 , 0 ) }

f05 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , −0.0001+1.4159 *x +0.0010 *x ^2 , 0 ) }

f06 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 0 .1065+1 .1371 *x +0.0010 *x ^2 , 0 ) }

f07 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 0 .6394+0 .9114 *x +0.0010 *x ^2 , 0 ) }

f08 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 0 .5564+0 .9931 *x +0.0010 *x ^2 , 0 ) }

f09 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 0 .9492+1 .0683 *x +0.0010 *x ^2 , 0 ) }

f10 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 2 .3430+0 .5102 *x +0.0010 *x ^2 , 0 ) }

f11 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 1 .8956+0 .7345 *x +0.0010 *x ^2 , 0 ) }

f12 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 1 .8750+0 .6203 *x +0.0010 *x ^2 , 0 ) }

f13 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 1 .8750+0 .6203 *x +0.0010 *x ^2 , 0 ) }

lum02<−as . d a t a . f rame ( s a p p l y ( lum02 , f02 ) )

lum02 [ lum02 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

lum03<−as . d a t a . f rame ( s a p p l y ( lum03 , f03 ) )

lum03 [ lum03 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

lum04<−as . d a t a . f rame ( s a p p l y ( lum04 , f04 ) )

lum04 [ lum04 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

lum05<−as . d a t a . f rame ( s a p p l y ( lum05 , f05 ) )

lum05 [ lum05 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

lum06<−as . d a t a . f rame ( s a p p l y ( lum06 , f06 ) )

lum06 [ lum06 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

lum07<−as . d a t a . f rame ( s a p p l y ( lum07 , f07 ) )

lum07 [ lum07 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

lum08<−as . d a t a . f rame ( s a p p l y ( lum08 , f08 ) )

lum08 [ lum08 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

lum09<−as . d a t a . f rame ( s a p p l y ( lum09 , f09 ) )

lum09 [ lum09 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

lum10<−as . d a t a . f rame ( s a p p l y ( lum10 , f10 ) )
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lum10 [ lum10 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

lum11<−as . d a t a . f rame ( s a p p l y ( lum11 , f11 ) )

lum11 [ lum11 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

lum12<−as . d a t a . f rame ( s a p p l y ( lum12 , f12 ) )

lum12 [ lum12 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

lum13<−as . d a t a . f rame ( s a p p l y ( lum13 , f13 ) )

lum13 [ lum13 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

# C r e a t e t ime v a r i a b l e f o r lumYY d a t a . f rame

lum02$ t ime<−2002 ; lum08$ t ime<−2008

lum03$ t ime<−2003 ; lum09$ t ime<−2009

lum04$ t ime<−2004 ; lum10$ t ime<−2010

lum05$ t ime<−2005 ; lum11$ t ime<−2011

lum06$ t ime<−2006 ; lum12$ t ime<−2012

lum07$ t ime<−2007 ; lum13$ t ime<−2013

# Bind l u m i n o s i t y and c o o r d i n a t e s v a l u e s t o g e t h e r

lum02<−c b i n d ( xy , lum02 ) ; lum08<−c b i n d ( xy , lum08 )

lum03<−c b i n d ( xy , lum03 ) ; lum09<−c b i n d ( xy , lum09 )

lum04<−c b i n d ( xy , lum04 ) ; lum10<−c b i n d ( xy , lum10 )

lum05<−c b i n d ( xy , lum05 ) ; lum11<−c b i n d ( xy , lum11 )

lum06<−c b i n d ( xy , lum06 ) ; lum12<−c b i n d ( xy , lum12 )

lum07<−c b i n d ( xy , lum07 ) ; lum13<−c b i n d ( xy , lum13 )

# Renaming v a r i a b l e s

names ( lum02 ) <− c ( " l o n " , " l a t " , " lum " , " t ime " ) ; names ( lum09 ) <− c ( " l o n " , "

l a t " , " lum " , " t ime " )

names ( lum03 ) <− c ( " l o n " , " l a t " , " lum " , " t ime " ) ; names ( lum10 ) <− c ( " l o n " , "

l a t " , " lum " , " t ime " )

names ( lum04 ) <− c ( " l o n " , " l a t " , " lum " , " t ime " ) ; names ( lum11 ) <− c ( " l o n " , "

l a t " , " lum " , " t ime " )

names ( lum05 ) <− c ( " l o n " , " l a t " , " lum " , " t ime " ) ; names ( lum12 ) <− c ( " l o n " , "

l a t " , " lum " , " t ime " )

names ( lum06 ) <− c ( " l o n " , " l a t " , " lum " , " t ime " ) ; names ( lum13 ) <− c ( " l o n " , "

l a t " , " lum " , " t ime " )

names ( lum07 ) <− c ( " l o n " , " l a t " , " lum " , " t ime " )

names ( lum08 ) <− c ( " l o n " , " l a t " , " lum " , " t ime " )

# Merging v e r t i c a l l y a l l d a t a b a s e s : l a t , lon , lum , t ime (4 columns )

lum<− r b i n d ( lum02 , lum03 , lum04 , lum05 , lum06 , lum07 , lum08 , lum09 , lum10 , lum11 ,

lum12 , lum13 )

lum<−as . d a t a . f rame ( lum )

sd ( lum$lum ) # sd

mean ( lum$lum ) #mean
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# N o r m a l i s i n g d a t a ( f o r b e t t e r INLA p r o c e s s ) : l u m i n o s i t y mean =0 , sd =1 and

r e a r r a n g e d a t a f rame

lum$lum<− s c a l e ( lum$lum )

lum <− lum [ c ( 4 , 1 , 2 , 3 ) ] # o r d e r columns as : t ime , lon , l a t , lum

lum <− lum [ o r d e r ( lum$ time , lum$ lon , lum$ l a t ) , ]

# E x t r a c t l a t , lon , and y e a r from GTD and c r e a t e a d a t a b a s e which

r e p r e s e n t t h e r e s p o n s e v e c t o r

GTDresp<−GTDle tha l [ , c ( 3 , 1 , 2 ) ] # e x t r a c t year , l a t , l ong

#Add i d un i qu e v a l u e s i n GTDresp t o s o r t i t l a t e r

i d <− c ( 1 : nrow ( GTDresp ) )

GTDresp <− c b i n d ( i d = id , GTDresp )

names ( GTDresp )<−c ( " i d " , " t ime " , " l a t " , " l o n " )

GTDresp$ t ime<−as . numer ic ( GTDresp$ t ime )

GTDresp <− GTDresp [ c ( 1 , 2 , 4 , 3 ) ] # o r d e r columns as : id , t ime , lon , l a t

#Match l u m i n o s i t y wi th t h e r e s p o n s e v e c t o r based on GTD l o c a t i o n s

GTDlum <− merge ( GTDresp , lum , by . x=c ( " t ime " , " l o n " , " l a t " ) , by . y=c ( " t ime " , "

l o n " , " l a t " ) , a l l . x=TRUE)

GTDlum <− s u b s e t ( GTDlum , ! d u p l i c a t e d ( GTDlum [ , 4 ] ) ) # remove d u p l i c a t e

o b s e r v a t i o n s from i d ( un iqu e c a n n o t be used s i n c e we can have

i d e n t i c a l l a t , lon , lum ! )

GTDlum<− GTDlum [ o r d e r ( GTDlum$ i d ) , ]

# P u t t i n g lum as a v e c t o r

lum<−as . v e c t o r ( GTDlum$lum )

# t e s t p l o t t o check d i s t a n c e v a l u e s

# c r e a t e d a t a f r a m e

# GTDlethal lum<−c b i n d ( GTDlethal , lum )

# lum08<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews /

PhD / PhD_R / l u m i n o s i t y / lum08 . t i f " )

# p r o j e c t i o n ( lum08 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

# p l o t . new ( )

# r b P a l <− c o l o r R a m p P a l e t t e ( c ( ’ b lue ’ , ’ g reen ’ , ’ ye l low ’ , ’ orange ’ , ’ red ’ , ’

brown ’ ) )

# GTDlethal lum $ Col <− r b P a l ( 6 ) [ a s . numer ic ( c u t ( GTDlethal lum $lum , b r e a k s =

6) ) ]

# p a r ( mfrow=c ( 2 , 1 ) )

# p l o t ( GTDlethal lum $ l o n g i t u d e , GTDlethal lum $ l a t i t u d e , pch = 20 , cex = 0 . 3 , c o l

= GTDlethal lum $ Col )

# p l o t ( world , add=T )

# p l o t ( lum08 , y l im =c ( −45 ,65) , x l im =c ( −180 ,180) )
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# p l o t ( world , add=T )

#End l u m i n o s i t y ( s p a t i o −t e m p o r a l c o v a r i a t e )

# T r a v e l t ime c o v a r i a t e ( s p a t i a l n o t t e m p o r a l )

t t i m e <− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews /

PhD / PhD_ArcGIS / t r a v e l t i m e / a c c e s s _50k / acc _50k " )

p r o j e c t i o n ( t t i m e )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

# c r e a t e l o n l a t i n m a t r i x form

xy<−c b i n d ( GTDle tha l [ , 2 ] , GTDle tha l [ , 1 ] ) # s e l e c t t h e 3 rd and 2nd v a r i a b l e

o f GTD

# e x t r a c t c o o r d i n a t e s from p o p u l a t i o n a t t h e l o c a t i o n o f t h e p o i n t s

c o o r d i n a t e s

t t <− e x t r a c t ( t t i m e , xy , method= ’ b i l i n e a r ’ ) # e x t r a c t c o v a r i a t e v a l u e a t p o i n t

l o c a t i o n s

t t <−as . v e c t o r ( t t )

# r e p l a c e NA v a l u e s by 0

t t [ i s . na ( t t ) ] <− 0

t t <− s c a l e ( t t ) # n o r m a l i s i n g d a t a ( mean =0 , sd =1) f o r b e t t e r INLA p r o c e s s

# t e s t p l o t t o check d i s t a n c e v a l u e s

# c r e a t e d a t a f r a m e

# GTDtt<−c b i n d (GTD1, t t )

# p l o t . new ( )

# r b P a l <− c o l o r R a m p P a l e t t e ( c ( ’ b lue ’ , ’ g reen ’ , ’ ye l low ’ , ’ orange ’ , ’ red ’ , ’

brown ’ ) )

# GTDtt$ Col <− r b P a l ( 6 ) [ a s . numer ic ( c u t ( GTDtt$ t t , b r e a k s = 6) ) ]

# p l o t ( GTDtt$ l o n g i t u d e , GTDtt$ l a t i t u d e , pch = 20 , cex = 0 . 3 , c o l = GTDtt$ Col )

# p l o t ( world , add=T )

# p l o t ( t t i m e , ymin=c ( −45 ,65) )

# p o i n t s (GTD1 [ , 8 ] , GTD1 [ , 7 ] , add=T , cex = 0 . 1 )

#End t r a v e l t ime c o v a r i a t e ( s p a t i a l n o t t e m p o r a l )

# P o l i t y IV c o v a r i a t e ( c o u n t r y− l e v e l + t e m p o r a l )

# r e a d t h e o r i g i n a l f i l e ( saved i n . csv ) from h t t p : / /www. s y s t e m i c p e a c e .

o rg / i n s c r d a t a . h tml

p o l i t y<− r e a d . csv ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews /

PhD / PhD_R / P o l i t y I V / p4v2013 . csv " , h e a d e r = TRUE)

p o l i t y<− s u b s e t ( p o l i t y , s e l e c t =c ( " c o u n t r y " , " y e a r " , " p o l i t y 2 " ) )
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p o l i t y <− s u b s e t ( p o l i t y , y e a r > 2001 & y e a r < 2014) # s e l e c t i n g t h e same

t ime p e r i o d t h a n GTD

# rename y e a r a s i y e a r f o r c o m p a t i b i l i t y wi th GTD

r e q u i r e ( r e s h a p e )

p o l i t y<−rename ( p o l i t y , c ( y e a r =" i y e a r " ) )

# add p o l i t y IV v a r i a b l e ( p o l i t y 2 has been a d j u s t e d f o r t ime−s e r i e s

a n a l y s i s ) t o GTD d a t a

# n o t e t h a t Bahamas , B e l i z e , I c e l a n d , Maldives , West Bank and Gaza S t r i p ,

a r e n o t p r e s e n t i n p o l i t y

# change some c o u n t r y names i n p o l i t y b e f o r e merging wi th GTD

p o l i t y $ c o u n t r y <− as . c h a r a c t e r ( p o l i t y $ c o u n t r y )

p o l i t y $ c o u n t r y [ p o l i t y $ c o u n t r y == " Bosn ia " ] <−" Bosnia−He rzegov ina "

p o l i t y $ c o u n t r y [ p o l i t y $ c o u n t r y == " Congo B r a z z a v i l l e " ] <−" Congo (

B r a z z a v i l l e ) "

p o l i t y $ c o u n t r y [ p o l i t y $ c o u n t r y == " Congo K i n s h a s a " ] <−" Congo ( K i n s h a s a ) "

p o l i t y $ c o u n t r y [ p o l i t y $ c o u n t r y == " Dominican Rep " ] <−" Dominican R e p u b l i c "

p o l i t y $ c o u n t r y [ p o l i t y $ c o u n t r y == " S e r b i a and Montenegro " ] <−" S e r b i a−
Montenegro "

# p o l i t y $ c o u n t r y [ p o l i t y $ c o u n t r y == " Korea Nor th " ] <−" Nor th Korea "

p o l i t y $ c o u n t r y [ p o l i t y $ c o u n t r y == " Korea South " ] <−" South Korea "

p o l i t y $ c o u n t r y [ p o l i t y $ c o u n t r y == " E a s t Timor " ] <−" Timor−L e s t e "

p o l i t y $ c o u n t r y [ p o l i t y $ c o u n t r y == "UAE" ] <−" U n i t e d Arab E m i r a t e s "

p o l i t y $ c o u n t r y [ p o l i t y $ c o u n t r y == " Myanmar ( Burma ) " ] <−" Myanmar "

# c r e a t e new o b s e r v a t i o n s based on e q u i v a l e n t c o u n t r i e s and add t o p o l i t y

d a t a f r a m e

uk<− s u b s e t ( p o l i t y , c o u n t r y == " Un i t e d Kingdom " )

uk$ c o u n t r y [ uk$ c o u n t r y == " Un i t e d Kingdom " ] <−" G r e a t B r i t a i n "

p o l i t y<− r b i n d ( p o l i t y , uk )

n i<− s u b s e t ( p o l i t y , c o u n t r y == " G r e a t B r i t a i n " )

n i $ c o u n t r y [ n i $ c o u n t r y == " G r e a t B r i t a i n " ] <−" N o r t h e r n I r e l a n d "

p o l i t y<− r b i n d ( p o l i t y , n i )

rm ( uk ) ; rm ( n i )

ch<− s u b s e t ( p o l i t y , c o u n t r y == " China " )

ch $ c o u n t r y [ ch $ c o u n t r y == " China " ] <−" Hong Kong "

p o l i t y<− r b i n d ( p o l i t y , ch )

rm ( ch )

i s<− s u b s e t ( p o l i t y , c o u n t r y == " I s r a e l " )

i s $ c o u n t r y [ i s $ c o u n t r y == " I s r a e l " ] <−" West Bank and Gaza S t r i p "

p o l i t y<− r b i n d ( p o l i t y , i s )

rm ( i s )
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cs<− s u b s e t ( p o l i t y , c o u n t r y == " Fr a n c e " )

c s $ c o u n t r y [ c s $ c o u n t r y == " F r a n c e " ] <−" C o r s i c a "

p o l i t y<− r b i n d ( p o l i t y , c s )

rm ( cs )

# merging wi th GTD

GTDpoli ty<−merge ( GTDlethal , p o l i t y , by=c ( " c o u n t r y " , " i y e a r " ) , a l l . x=TRUE)

p o l<−GTDpoli ty [ , c ( 7 ) ] # e x t r a c t p o l i t y

# r e p l a c e NA v a l u e s by 0 ( warn ing p o l i t y I V =0 means n e i t h e r demo nor a u t o

− c r a t i c )

p o l [ i s . na ( p o l ) ] <− 0

p o l<− s c a l e ( p o l ) # n o r m a l i s i n g d a t a ( mean =0 , sd =1) f o r b e t t e r INLA p r o c e s s

p o l<−as . v e c t o r ( p o l )

#END P o l i t y IV c o v a r i a t e ( c o u n t r y− l e v e l + t e m p o r a l )

#GREG e t h n i c group c o v a r i a t e ( s p a t i a l n o t t e m p o r a l )

# i m p o r t GREG f i l e from Weidmann ETHZ : h t t p : / /www. i c r . e t h z . ch / d a t a / o t h e r /

g r e g

GREG <− r e a d S h a p e S p a t i a l ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n /

StAndrews / PhD / PhD_R /GREG/GREG. shp " )

p r o j 4 s t r i n g (GREG)<−CRS( "+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84

=0 ,0 ,0+ e l l p s =WGS84" )

# c r e a t e v e c t o r shape wi th GTD1

GTDpt<− S p a t i a l P o i n t s ( GTDle tha l [ , c ( " l o n g i t u d e " , " l a t i t u d e " ) ] )

p r o j 4 s t r i n g ( GTDpt )<−CRS( "+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84

=0 ,0 ,0+ e l l p s =WGS84" )

# i n t e r s e c t v a l u e s o f GREG wi th p o i n t s o f GTD

o <− ove r ( GTDpt ,GREG)

# recombine p o i n t s w i th a t t r i b u t e s from GRM

GTDpt<−c b i n d ( GTDpt , o )

# add i d u n i qu e v a l u e s i n GTDresp t o s o r t i t l a t e r

i d <− c ( 1 : nrow ( GTDpt ) )

GTDGREG <− c b i n d ( i d = id , GTDpt )

# keep on ly i d and number o f e t h n i c g r oup s

GTDGREG<−GTDGREG[ , c ( 1 , 8 , 9 , 1 0 ) ]

# i f no e t h n i c group ( 0 ) p u t NA i n o r d e r t h a t t h e a b s e n c e o f e t h n i c group

w i l l n o t be c o u n t e d

GTDGREG[GTDGREG == 0] <− NA

GTDGREG<−ddp ly (GTDGREG, . ( i d ) , muta te , c o u n t = l e n g t h ( un i qu e ( na . omi t ( c (

G1ID , G2ID , G3ID ) ) ) ) )

# s o r t ( a l r e a d y done b u t f o r do ub l e check )
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GTDGREG <− GTDGREG[ o r d e r ( i d ) , ]

# s c a l e

GTDGREG$ c o u n t<− s c a l e (GTDGREG$ c o u n t )

# keep a v e c t o r

g re g<−as . v e c t o r (GTDGREG$ c o u n t )

#End GREG e t h n i c group c o v a r i a t e ( s p a t i a l n o t t e m p o r a l )

# A l t i t u d e c o v a r i a t e ( s p a t i a l n o t t e m p o r a l )

# download lDEM map (ETOPO1) : h t t p s : / /www. ngdc . noaa . gov / mgg / g l o b a l / r e l i e f

/ ETOPO1 / image /

a l t i t u d e <− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews

/ PhD / PhD_ArcGIS /DEM/ ETOPO1 / c o l o r _ e t opo 1 _ i c e _ f u l l . t i f " )

p r o j e c t i o n ( a l t i t u d e )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84

=0 ,0 ,0+ e l l p s =WGS84"

# p l o t ( a l t i t u d e )

# e x t r a c t c o o r d i n a t e s from p o p u l a t i o n a t t h e l o c a t i o n o f t h e p o i n t s

c o o r d i n a t e s

a l t <− e x t r a c t ( a l t i t u d e , xy , method= ’ b i l i n e a r ’ ) # e x t r a c t c o v a r i a t e v a l u e a t

p o i n t l o c a t i o n s

a l t <−as . v e c t o r ( a l t )

# r e p l a c e NA v a l u e s by 0

a l t [ i s . na ( a l t ) ] <− 0

a l t <− s c a l e ( a l t ) # n o r m a l i s i n g d a t a ( mean =0 , sd =1) f o r b e t t e r INLA p r o c e s s

# t e s t p l o t t o check d i s t a n c e v a l u e s

# c r e a t e d a t a f r a m e

# GTDalt<−c b i n d (GTD1, a l t )

# p l o t . new ( )

# r b P a l <− c o l o r R a m p P a l e t t e ( c ( ’ b lue ’ , ’ g reen ’ , ’ ye l low ’ , ’ orange ’ , ’ red ’ , ’

brown ’ ) )

# GTDalt $ Col <− r b P a l ( 6 ) [ a s . numer ic ( c u t ( GTDalt $ a l t , b r e a k s = 6) ) ]

# p l o t ( GTDalt $ l o n g i t u d e , GTDalt $ l a t i t u d e , pch = 20 , cex = 0 . 3 , c o l = GTDalt $

Col )

# p l o t ( world , add=T )

#End a l t i t u d e c o v a r i a t e ( s p a t i a l n o t t e m p o r a l )

# S lope c o v a r i a t e ( s p a t i a l n o t t e m p o r a l )

r e q u i r e ( i n s o l )

s l o p e<− s l o p e ( c g r a d ( a l t i t u d e ) , d e g r e e s = TRUE)

s l o p e = r a s t e r ( s l o p e , c r s = p r o j e c t i o n ( a l t i t u d e ) )

e x t e n t ( s l o p e ) = e x t e n t ( a l t i t u d e )



286 Modelling Lethal Terrorism in Space and Time

# e x t r a c t c o o r d i n a t e s from p o p u l a t i o n a t t h e l o c a t i o n o f t h e p o i n t s

c o o r d i n a t e s

s l o<− e x t r a c t ( s l o p e , xy , method= ’ b i l i n e a r ’ ) # e x t r a c t c o v a r i a t e v a l u e a t

p o i n t l o c a t i o n s

s l o<−as . v e c t o r ( s l o )

# r e p l a c e NA v a l u e s by 0

s l o [ i s . na ( s l o ) ] <− 0

s l o<− s c a l e ( s l o ) # n o r m a l i s i n g d a t a ( mean =0 , sd =1) f o r b e t t e r INLA p r o c e s s

# t e s t p l o t t o check d i s t a n c e v a l u e s

# c r e a t e d a t a f r a m e

# GTDslo<−c b i n d (GTD1, s l o )

# p l o t . new ( )

# r b P a l <− c o l o r R a m p P a l e t t e ( c ( ’ b lue ’ , ’ g reen ’ , ’ ye l low ’ , ’ orange ’ , ’ red ’ , ’

brown ’ ) )

# GTDslo$ Col <− r b P a l ( 6 ) [ a s . numer ic ( c u t ( GTDslo$ s l o , b r e a k s = 6) ) ]

# p l o t ( GTDslo$ l o n g i t u d e , GTDslo$ l a t i t u d e , pch = 20 , cex = 0 . 3 , c o l = GTDslo$

Col )

# p l o t ( world , add=T )

# s lopew <− mask ( s l o p e , wor ld . map )

# p l o t . new ( )

# p l o t ( slopew , c o l = t e r r a i n . c o l o r s ( 1 2 ) )

#End s l o p e c o v a r i a t e ( s p a t i a l n o t t e m p o r a l )

# D i s t a n c e t o c o u n t r y b o r d e r ( s p a t i a l )

GTDp<−ppp ( GTDle tha l [ , 2 ] , GTDle tha l [ , 1 ] , c ( −180 ,180) , c ( −90 ,90) )

# download s i m p l e map wi th n a t i o n a l b o r d e r s from n a t u r a l e a r t h d a t a

( 1 : 1 1 0 ) i n s t e a d o f D i g i t a l c h a r t o f t h e wor ld 2000 ( c o u n t r y b o r d e r s )−
t o o complex

wor ld . map <− r e a d S h a p e S p a t i a l ( "C : / Use r s / apy thon / Documents / Andre /

E d u c a t i o n / StAndrews / PhD / PhD_ArcGIS / World map / ne _110m_ admin _0_

c o u n t r i e s . shp " )

p r o j 4 s t r i n g ( wor ld . map )<−CRS( "+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84

=0 ,0 ,0+ e l l p s =WGS84" )

wor ld<−as . owin ( wor ld . map )

wor ld = edges ( wor ld . map )

d i s t b<−n n c r o s s (GTDp, wor ld )

d i s t b<−as . v e c t o r ( d i s t b $ d i s t )

# d i s t b [ i s . na ( d i s t b ) ] <− 0

d i s t b<− s c a l e ( d i s t b ) # n o r m a l i s i n g d a t a ( mean =0 , sd =1) f o r b e t t e r INLA

p r o c e s s
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#End d i s t a n c e t o c o u n t r y b o r d e r ( s p a t i a l )

# D e l e t e u n u s e f u l d a t a

rm ( GTDpoli ty ) ; rm ( p o l i t y ) ; rm ( xy ) ; rm ( l a t ) ; rm ( l o n ) ; rm ( pop00 ) ; rm ( lum02 ) ; rm (

lum03 ) ; rm ( lum04 ) ; rm ( t t i m e )

rm ( lum05 ) ; rm ( lum06 ) ; rm ( lum07 ) ; rm ( lum08 ) ; rm ( lum09 ) ; rm ( lum10 ) ; rm ( lum11 ) ; rm

( lum12 ) ; rm ( lum13 ) ;

rm ( v ) ; rm (w) ; rm (nGTD) ; rm ( i d ) ; rm ( bdry ) ; rm ( wor ld . map ) ; rm ( GTDresp ) ; rm ( GTDlum

) ; rm ( f02 , f03 , f04 , f05 , f06 , f07 , f08 , f09 , f10 , f11 , f12 , f13 )

rm (GTDGREG) ; rm ( GTDpt ) ; rm ( o ) ; rm (GREG) ; rm ( a l t i t u d e ) ; rm ( GTDdistb ) ; rm ( GTDalt

) ; rm (GTDp) ; rm ( wor ld ) ; rm ( r b P a l ) ; rm ( GTDtt ) ; rm ( GTD1lum ) ;

rm ( GTDcountry )

rm ( s l o p e )

# Save a l l d a t a i n t o

save . image ( "~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / SPDE_ n b e v e n t s _

f i n a l . RData " )

C.6 Poisson Models: Specification

This code generate all investigated Poisson models of the number of lethal attacks.

# Goal i s t o g e n e r a t e s e v e r a l P o i s o n s models which w i l l be compared .

# P r e l i m i n a r y n o t e : a l i n u x c o n f i g u r a t i o n wi th h igh a v a i l a b l e RAM i s

recommended

# t o be a b l e t o run t h e models wi th R−INLA .

# d e f i n e working d i r e c t o r y

se twd ( " / home / ap215 / SPDE" ) #NTNU home f i l e

l i b r a r y ( INLA )

# l o a d d a t a g e n e r a t e d i n R−code (3 / 5 ) : s t u d y a rea , mesh , c o v a r i a t e s , GTD

l o a d ( " / home / ap215 / SPDE / SPDE_ n b e v e n t s _ f i n a l . RData " )

# d e l e t e t h e c o u n t r y v a r i a b l e ( n o t needed )

GTDle tha l<−GTDle tha l [ , 1 : 5 ]

# keep c o o r d i n a t e s and number o f l e t h a l a t t a c k s ( v a r i a b l e l e t h a l )

d a t a<−c b i n d ( loc , GTDle tha l [ , 5 ] )

y<−d a t a [ , 4 ] # r e s p o n s e as t h e number o f l e t h a l a t t a c k s

t ime<−GTDle tha l [ ,3] −2001 # c r e a t e t ime i n d e x

k<−12# t h e number o f y e a r s

#SPDE space−t ime model

nv<−mesh$n# number o f mesh v e r t i c e s

spde <− i n l a . spde2 . ma te rn ( mesh , a l p h a =2)
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i s e t <− i n l a . spde . make . i n d e x ( ’ i ’ , n . spde = spde $n . spde , n . group =k )

A<− i n l a . spde . make .A( mesh , l o c = loc , group = t ime )

#0 s p a t i a l c o v a r i a t e

s t k <− i n l a . s t a c k ( d a t a = l i s t ( y=y ) , A= l i s t (A, 1 ) , t a g = ’ d a t ’ ,

e f f e c t s = l i s t ( i = i s e t , b0= r e p ( 1 , l e n g t h ( y ) ) ) )

r e s 0 <− i n l a ( y ~ 0+b0+ f ( i , model=spde , group = i . group , c o n t r o l . g roup = l i s t (

model=" a r 1 " ) ) ,

f a m i l y = ’ p o i s s o n ’ , d a t a = i n l a . s t a c k . d a t a ( s t k ) , c o n t r o l . compute

= l i s t ( d i c =TRUE, waic=TRUE) ,

c o n t r o l . p r e d i c t o r = l i s t (A= i n l a . s t a c k .A( s t k ) , compute=TRUE) ,

v e r b o s e =TRUE

,num . t h r e a d s =1

)

#1 s p a t i a l c o v a r i a t e ( lum )

s t k <− i n l a . s t a c k ( d a t a = l i s t ( y=y ) , A= l i s t (A, 1 , 1 ) , t a g = ’ d a t ’ ,

e f f e c t s = l i s t ( i = i s e t , lum=lum , b0= r e p ( 1 , l e n g t h ( y ) ) ) )

r e s 1 <− i n l a ( y ~ 0+b0+lum+ f ( i , model=spde , group = i . group , c o n t r o l . g roup =

l i s t ( model=" a r 1 " ) ) ,

f a m i l y = ’ p o i s s o n ’ , d a t a = i n l a . s t a c k . d a t a ( s t k ) , c o n t r o l . compute

= l i s t ( d i c =TRUE, waic=TRUE) ,

c o n t r o l . p r e d i c t o r = l i s t (A= i n l a . s t a c k .A( s t k ) , compute=TRUE) ,

v e r b o s e =TRUE

,num . t h r e a d s =1

)

#2 s p a t i a l c o v a r i a t e s ( t t + lum )

s t k <− i n l a . s t a c k ( d a t a = l i s t ( y=y ) , A= l i s t (A, 1 , 1 , 1 ) , t a g = ’ d a t ’ ,

e f f e c t s = l i s t ( i = i s e t , lum=lum , t t = t t , b0= r e p ( 1 , l e n g t h ( y ) ) )

)

r e s 2 <− i n l a ( y ~ 0+b0+lum+ t t + f ( i , model=spde , group = i . group , c o n t r o l . g roup

= l i s t ( model=" a r 1 " ) ) ,

f a m i l y = ’ p o i s s o n ’ , d a t a = i n l a . s t a c k . d a t a ( s t k ) , c o n t r o l . compute

= l i s t ( d i c =TRUE, waic=TRUE) ,

c o n t r o l . p r e d i c t o r = l i s t (A= i n l a . s t a c k .A( s t k ) , compute=TRUE) ,

v e r b o s e =TRUE

,num . t h r e a d s =1

)

#3 s p a t i a l c o v a r i a t e s ( p o l + t t + lum )

s t k <− i n l a . s t a c k ( d a t a = l i s t ( y=y ) , A= l i s t (A, 1 , 1 , 1 , 1 ) , t a g = ’ d a t ’ ,

e f f e c t s = l i s t ( i = i s e t , lum=lum , t t = t t , p o l =pol , b0= r e p ( 1 ,

l e n g t h ( y ) ) ) )



C.6 Poisson Models: Specification 289

r e s 3 <− i n l a ( y ~ 0+b0+lum+ t t + p o l + f ( i , model=spde , group = i . group , c o n t r o l .

g roup = l i s t ( model=" a r 1 " ) ) ,

f a m i l y = ’ p o i s s o n ’ , d a t a = i n l a . s t a c k . d a t a ( s t k ) , c o n t r o l .

compute= l i s t ( d i c =TRUE, waic=TRUE) ,

c o n t r o l . p r e d i c t o r = l i s t (A= i n l a . s t a c k .A( s t k ) , compute=

TRUE) , v e r b o s e =TRUE

,num . t h r e a d s =1

)

#4 s p a t i a l c o v a r i a t e s ( p o l + t t + lum + a l t )

s t k <− i n l a . s t a c k ( d a t a = l i s t ( y=y ) , A= l i s t (A, 1 , 1 , 1 , 1 , 1 ) , t a g = ’ d a t ’ ,

e f f e c t s = l i s t ( i = i s e t , lum=lum , t t = t t , p o l =pol , a l t = a l t , b0=

r e p ( 1 , l e n g t h ( y ) ) ) )

r e s 4 <− i n l a ( y ~ 0+b0+lum+ t t + p o l + a l t + f ( i , model=spde , group = i . group ,

c o n t r o l . g roup = l i s t ( model=" a r 1 " ) ) ,

f a m i l y = ’ p o i s s o n ’ , d a t a = i n l a . s t a c k . d a t a ( s t k ) , c o n t r o l .

compute= l i s t ( d i c =TRUE, waic=TRUE) ,

c o n t r o l . p r e d i c t o r = l i s t (A= i n l a . s t a c k .A( s t k ) , compute=

TRUE) , v e r b o s e =TRUE

,num . t h r e a d s =1

)

#5 s p a t i a l c o v a r i a t e s ( p o l + t t + a l t + lum + pop )

s t k <− i n l a . s t a c k ( d a t a = l i s t ( y=y ) , A= l i s t (A, 1 , 1 , 1 , 1 , 1 , 1 ) , t a g = ’ d a t ’ ,

e f f e c t s = l i s t ( i = i s e t , lum=lum , t t = t t , pop=pop , a l t = a l t , p o l =

pol , b0= r e p ( 1 , l e n g t h ( y ) ) ) )

r e s f i n a l <− i n l a ( y ~ 0+b0+lum+ t t +pop+ a l t + p o l + f ( i , model=spde , group = i .

group , c o n t r o l . g roup = l i s t ( model=" a r 1 " ) ) ,

f a m i l y = ’ p o i s s o n ’ , d a t a = i n l a . s t a c k . d a t a ( s t k ) , c o n t r o l .

compute= l i s t ( d i c =TRUE, waic=TRUE) ,

c o n t r o l . p r e d i c t o r = l i s t (A= i n l a . s t a c k .A( s t k ) , compute=

TRUE) , v e r b o s e =TRUE

,num . t h r e a d s =1# ( a d j u s t e d nb . cpu i n v o l v e d i f n e c e s s a r y

t o a v o i d c r a s h )

)

s ave . image ( " S T p o i t o t a l . RData " ) # a d j u s t d i r e c t o r y

# r o b u s t n e s s t e s t ( u s i n g a l t e r n a t i v e meshes )

bdry <− i n l a . sp2segment ( s t u d y a r e a )

bdry $ l o c <− i n l a . mesh . map ( bdry $ loc , p r o j e c t i o n = " l o n g l a t " , i n v e r s e =

TRUE)

#mesh f o r r o b u s n t e s s t e s t s
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mesh3<− i n l a . mesh . 2 d ( boundary =bdry , max . edge=c ( 9 , 6 0 0 0 ) / 180 , c u t o f f =9 / 180) #

nv =1 ,341

mesh2<− i n l a . mesh . 2 d ( boundary =bdry , max . edge=c ( 7 , 1 0 0 0 ) / 180 , c u t o f f =7 / 180) #

nv =2 ,157

#mesh2

nv<−mesh2$n# number o f mesh v e r t i c e s

spde <− i n l a . spde2 . ma te rn ( mesh2 , a l p h a =2)

i s e t <− i n l a . spde . make . i n d e x ( ’ i ’ , n . spde = spde $n . spde , n . group =k )

A<− i n l a . spde . make .A( mesh2 , l o c = loc , group = t ime )

#5 s p a t i a l c o v a r i a t e s ( p o l + t t + a l t + lum + pop )

s t k <− i n l a . s t a c k ( d a t a = l i s t ( y=y ) , A= l i s t (A, 1 , 1 , 1 , 1 , 1 , 1 ) , t a g = ’ d a t ’ ,

e f f e c t s = l i s t ( i = i s e t , lum=lum , t t = t t , pop=pop , a l t = a l t , p o l =

pol , b0= r e p ( 1 , l e n g t h ( y ) ) ) )

poimesh2 <− i n l a ( y ~ 0+b0+lum+ t t +pop+ a l t + p o l + f ( i , model=spde , group = i .

group , c o n t r o l . g roup = l i s t ( model=" a r 1 " ) ) ,

f a m i l y = ’ p o i s s o n ’ , d a t a = i n l a . s t a c k . d a t a ( s t k ) , c o n t r o l .

compute= l i s t ( d i c =TRUE) ,

c o n t r o l . p r e d i c t o r = l i s t (A= i n l a . s t a c k .A( s t k ) , compute=

TRUE) , v e r b o s e =TRUE)

# ,num . t h r e a d s =1#( a d j u s t e d nb . cpu i n v o l v e d i f n e c e s s a r y

t o a v o i d c r a s h )

# )

# sa ve models o u t p u t

s ave . image ( " poimesh2 . RData " ) # a d j u s t d i r e c t o r y

#mesh3

nv<−mesh3$n# number o f mesh v e r t i c e s

spde <− i n l a . spde2 . ma te rn ( mesh3 , a l p h a =2)

i s e t <− i n l a . spde . make . i n d e x ( ’ i ’ , n . spde = spde $n . spde , n . group =k )

A<− i n l a . spde . make .A( mesh3 , l o c = loc , group = t ime )

#5 s p a t i a l c o v a r i a t e s ( p o l + t t + a l t + lum + pop )

s t k <− i n l a . s t a c k ( d a t a = l i s t ( y=y ) , A= l i s t (A, 1 , 1 , 1 , 1 , 1 , 1 ) , t a g = ’ d a t ’ ,

e f f e c t s = l i s t ( i = i s e t , lum=lum , t t = t t , pop=pop , a l t = a l t , p o l =

pol , b0= r e p ( 1 , l e n g t h ( y ) ) ) )

poimesh3 <− i n l a ( y ~ 0+b0+lum+ t t +pop+ a l t + p o l + f ( i , model=spde , group = i .

group , c o n t r o l . g roup = l i s t ( model=" a r 1 " ) ) ,

f a m i l y = ’ p o i s s o n ’ , d a t a = i n l a . s t a c k . d a t a ( s t k ) , c o n t r o l .

compute= l i s t ( d i c =TRUE) ,

c o n t r o l . p r e d i c t o r = l i s t (A= i n l a . s t a c k .A( s t k ) , compute=

TRUE) , v e r b o s e =TRUE)
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# ,num . t h r e a d s =1#( a d j u s t e d nb . cpu i n v o l v e d i f n e c e s s a r y t o a v o i d

c r a s h )

# )

# sa ve models o u t p u t

s ave . image ( " poimesh3 . RData " ) # a d j u s t d i r e c t o r y

# r o b u s t n e s s t e s t ( u s i n g a l t e r n a t i v e p r i o r s f o r t h e GMRF)

# n o t e : we use i n f o r m a t i v e p r i o r based on r a n g e = 100 km ( i . e . 100 / 6371

r a d ) and GMRF s t a n d a r d d e v i a t i o n ( s t d ) 50 km ( i . e . 50 / 6371 r a d ) .

#From L i n d r e n and Rue ( 2 0 1 5 ) we l i n k t h e t a wi th s t d and r a n g e t h r o u g h

t h e p r o c e s s d e s c r i b e d i n B l a n g i a r d o 2015 p . 214−5.

r a n ge 0<−100 / 6371

sigma0<−50 / 6371

kappa0<− s q r t ( 8 ) / r a ng e 0

t a u 0<−1 / ( s q r t (4 * p i ) * kappa0 * sigma0 )

#SPDE space−t ime model

spde <− i n l a . spde2 . ma te rn ( mesh , a l p h a =2

,B . t a u = m a t r i x ( c ( l o g ( t a u 0 ) ,−1 ,+1) , nrow =1 , n c o l

=3)

,B . kappa= m a t r i x ( c ( l o g ( kappa0 ) ,0 , −1) , nrow =1 ,

n c o l =3)

, t h e t a . p r i o r . mean=c ( 0 , 0 )

, t h e t a . p r i o r . p r e c =c ( 0 . 1 , 0 . 1 ) )

i s e t <− i n l a . spde . make . i n d e x ( ’ i ’ , n . spde = spde $n . spde , n . group =k )

A<− i n l a . spde . make .A( mesh , l o c = loc , group = t ime )

# Using 5 s p a t i a l c o v a r i a t e s ( p o l + t t + a l t + lum + pop )

s t k <− i n l a . s t a c k ( d a t a = l i s t ( y=y ) , A= l i s t (A, 1 , 1 , 1 , 1 , 1 , 1 ) , t a g = ’ d a t ’ ,

e f f e c t s = l i s t ( i = i s e t , lum=lum , t t = t t , pop=pop , a l t = a l t , p o l =

pol , b0= r e p ( 1 , l e n g t h ( y ) ) ) ) # I f problem : t r y t h i s :

l i s t ( l i s t ( i = i s e t ) , l i s t ( cov=pop ) , l i s t ( b0= r e p ( 1 ,

l e n g t h ( y ) ) )

r e s p r i o r <− i n l a ( y ~ 0+b0+lum+ t t +pop+ a l t + p o l + f ( i , model=spde , group = i .

group , c o n t r o l . g roup = l i s t ( model=" a r 1 " ) ) ,

f a m i l y = ’ p o i s s o n ’ , d a t a = i n l a . s t a c k . d a t a ( s t k ) , c o n t r o l .

compute= l i s t ( d i c =TRUE, waic=TRUE) ,

c o n t r o l . p r e d i c t o r = l i s t (A= i n l a . s t a c k .A( s t k ) , compute=

TRUE) , v e r b o s e =TRUE

,num . t h r e a d s =1# t o r e d u c e c o m p u t a t i o n a l t ime

)

# sa ve o u t p u t from model wi th i n f o r m a t i v e p r i o r
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s ave . image ( " S T p o i t o t a l . RData " ) # a d j u s t d i r e c t o r y

C.7 Poisson Models: Model Selection and Graphics

This code is used to select the Poisson models and produce figures.

#SPATIO−TEMPORAL MODELLING / P o i s s o n model o f t h e number o f l e t h a l

e v e n t s wor ldwide 2002−2013

# Th i s codes g e n e r a t e g r a p h i c s o f t h e random f i e l d ( mean + s t d . dev ) and

t h e e x p e c t e d number o f l e t h a l a t t a c k s based on t h e o u t p u t o f STpoi _

t o t a l v 2 . R

#The model t o be l o a d e d needs t o be t h e s e l e c t e d one .

se twd ( "~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / STpoi sson " )

l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / STpoi s son / SPDE_ n b e v e n t s

_ f i n a l . RData " )

l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / S T b i n o m i a l t o t a l / L l i n p a l

. RData " ) # l o a d custom p a l e t t e

r e q u i r e ( f o r e i g n )

r e q u i r e ( sp )

l i b r a r y ( INLA )

l i b r a r y ( s p a t s t a t )

l i b r a r y ( f i e l d s )

l i b r a r y ( m a p t o o l s )

l i b r a r y ( f i e l d s )

l i b r a r y ( l a t t i c e )

#Model s e l e c t i o n ( DIC v a l u e s compar i son )

# l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / STpoi sson / S T p o i t o t a l .

RData " )

l o a d ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / a rXiv /

R S S s t y l e f i l e / R_ code / S T p o i t o t a l . RData " )

l o a d ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R /

SPDE / STpois son / STpoi0 . RData " )

summary ( r e s 0 ) #0 v a r model : DIC 28 ,395 /WAIC: 32637

summary ( r e s 3 ) #3 v a r model : DIC 24 ,203 /WAIC: 26 ,466

summary ( r e s 4 ) #4 v a r model : DIC 24 ,189 /WAIC: 26 ,438

# model w i th lower DIC

summary ( r e s f i n a l ) ; # f u l l model 5 v a r i a b l e s : DIC 24 ,164 / WAIC: 26 ,418

r e s f i n a l $ cpu . used

r e s 3 $ cpu . used

r e s 4 $ cpu . used
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r e s 0 $ cpu . used

# compar i son wi th a l t e r n a t i v e meshes

round ( r e s f i n a l $summary . f i x e d , 3 ) #B0− , lum + , t t − , pop / , a l t / , p o l +

l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / STpoi s son / poimesh2 .

RData " ) #3 v a r model

round ( poimesh2 $summary . f i x e d , 3 ) #B0− , lum + , t t − , pop + , a l t − , p o l +

l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / STpoi s son / poimesh3 .

RData " ) #3 v a r model

round ( poimesh3 $summary . f i x e d , 3 ) #B0− , lum + , t t − , pop + , a l t / , p o l +

# wi th manual p r i o r ( e l i c i t e d )

summary ( r e s p r i o r )

# c o n v e r t from C a r t e s i a n xyz t o l a t i t u d e −l o n g i t u d e

l a t = a s i n ( mesh$ l o c [ , 3 ] )

l o n = a t a n 2 ( mesh$ l o c [ , 2 ] , mesh$ l o c [ , 1 ] )

l a t <− l a t * 180 / p i

l o n<− l o n * 180 / p i # from r a d i a n t o d e g r e e

coord = c b i n d ( lon , l a t )

sp = S p a t i a l P o i n t s ( coord )

l o n g l a t<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+ e l l p s =WGS84"

p r o j 4 s t r i n g ( sp ) = CRS( l o n g l a t )

# p l o t ( s t u d y a r e a , c o l =" r e d " )

# p o i n t s ( coord , cex = 0 . 4 , pch ="+" )

# rmse

GTDle tha l $ lum<−as . numer ic ( lum )

GTDle tha l $ a l t <−as . numer ic ( a l t )

GTDle tha l $ d i s t b<−as . numer ic ( d i s t b )

GTDle tha l $ pop<−as . numer ic ( pop )

GTDle tha l $ p o l<−as . numer ic ( p o l )

GTDle tha l $ t t <−as . numer ic ( t t )

GTDle tha l $ g r eg<−as . numer ic ( g r eg )

GTDle tha l $ t ime<−GTDle tha l $ i y e a r −2001

l o c d f<−as . d a t a . f rame ( l o c )

GTDle tha l $ l o c 1<−as . numer ic ( l o c d f [ , 1 ] )

GTDle tha l $ l o c 2<−as . numer ic ( l o c d f [ , 2 ] )

GTDle tha l $ l o c 3<−as . numer ic ( l o c d f [ , 3 ] )

mean4<− l i s t ( ) ; cov4<− l i s t ( ) ; p rob4<− l i s t ( )

mean0<− l i s t ( ) ; cov0<− l i s t ( ) ; p rob0<− l i s t ( )

mean3<− l i s t ( ) ; cov3<− l i s t ( ) ; p rob3<− l i s t ( )

mean5<− l i s t ( ) ; cov5<− l i s t ( ) ; p rob5<− l i s t ( )

l o c<− l i s t ( )
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f o r ( j i n 1 : k ) {

l o c [ [ j ] ]<−as . m a t r i x ( c b i n d ( GTDle tha l $ l o c 1 [ GTDle tha l $ t ime == j ] , GTDle tha l $

l o c 2 [ GTDle tha l $ t ime == j ] , GTDle tha l $ l o c 3 [ GTDle tha l $ t ime == j ] ) )

# f i n a l model

cov4 [ [ j ] ]<− r e s 4 $summary . f i x [ 1 , 1 ] + r e s 4 $summary . f i x [ 2 , 1 ] * GTDle tha l $ lum [

GTDle tha l $ t ime == j ]+ r e s 4 $summary . f i x [ 3 , 1 ] * GTDle tha l $ t t [ GTDle tha l $

t ime == j ] + r e s 4 $summary . f i x [ 4 , 1 ] * GTDle tha l $ p o l [ GTDle tha l $ t ime == j ] +

r e s 4 $summary . f i x [ 5 , 1 ] * GTDle tha l $ a l t [ GTDle tha l $ t ime == j ]

mean4 [ [ j ] ]<− i n l a . mesh . p r o j e c t ( i n l a . mesh . p r o j e c t o r ( mesh , l o c = l o c [ [ j ] ] ) ,

r e s 4 $summary . random $ i $mean [ i s e t $ i . g roup == j ] )

prob4 [ [ j ] ]<−p o i s s o n ( l i n k = ’ l o g ’ ) $ l i n k i n v ( mean4 [ [ j ] ] + cov4 [ [ j ] ] )

# Zero cov model

cov0 [ [ j ] ]<− r e s 0 $summary . f i x [ 1 , 1 ]

mean0 [ [ j ] ]<− i n l a . mesh . p r o j e c t ( i n l a . mesh . p r o j e c t o r ( mesh , l o c = l o c [ [ j ] ] ) ,

r e s 0 $summary . random $ i $mean [ i s e t $ i . g roup == j ] )

prob0 [ [ j ] ]<−p o i s s o n ( l i n k = ’ l o g ’ ) $ l i n k i n v ( mean0 [ [ j ] ] + cov0 [ [ j ] ] )

#3 cov model

cov3 [ [ j ] ]<− r e s 3 $summary . f i x [ 1 , 1 ] + r e s 3 $summary . f i x [ 2 , 1 ] * GTDle tha l $ lum [

GTDle tha l $ t ime == j ]+ r e s 3 $summary . f i x [ 3 , 1 ] * GTDle tha l $ t t [ GTDle tha l $

t ime == j ] + r e s 3 $summary . f i x [ 4 , 1 ] * GTDle tha l $ p o l [ GTDle tha l $ t ime == j ]

mean3 [ [ j ] ]<− i n l a . mesh . p r o j e c t ( i n l a . mesh . p r o j e c t o r ( mesh , l o c = l o c [ [ j ] ] ) ,

r e s 3 $summary . random $ i $mean [ i s e t $ i . g roup == j ] )

prob3 [ [ j ] ]<−p o i s s o n ( l i n k = ’ l o g ’ ) $ l i n k i n v ( mean3 [ [ j ] ] + cov3 [ [ j ] ] )

#5 cov model

cov5 [ [ j ] ]<− r e s f i n a l $summary . f i x [ 1 , 1 ] + r e s f i n a l $summary . f i x [ 2 , 1 ] *
GTDle tha l $ lum [ GTDle tha l $ t ime == j ]+ r e s f i n a l $summary . f i x [ 3 , 1 ] *
GTDle tha l $ t t [ GTDle tha l $ t ime == j ] + r e s f i n a l $summary . f i x [ 4 , 1 ] *
GTDle tha l $ pop [ GTDle tha l $ t ime == j ] + r e s f i n a l $summary . f i x [ 5 , 1 ] *
GTDle tha l $ a l t [ GTDle tha l $ t ime == j ]+ r e s f i n a l $summary . f i x [ 6 , 1 ] *
GTDle tha l $ p o l [ GTDle tha l $ t ime == j ]

mean5 [ [ j ] ]<− i n l a . mesh . p r o j e c t ( i n l a . mesh . p r o j e c t o r ( mesh , l o c = l o c [ [ j ] ] ) ,

r e s f i n a l $summary . random $ i $mean [ i s e t $ i . g roup == j ] )

prob5 [ [ j ] ]<−p o i s s o n ( l i n k = ’ l o g ’ ) $ l i n k i n v ( mean5 [ [ j ] ] + cov5 [ [ j ] ] )

}

# u n l i s t

GTDle tha l $ prob4<− u n l i s t ( p rob4 )

GTDle tha l $ prob5<− u n l i s t ( p rob5 )

GTDle tha l $ prob3<− u n l i s t ( p rob3 )

GTDle tha l $ prob0<− u n l i s t ( p rob0 )

rmsedf<−GTDle tha l
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rmsedf<−rmsedf [ c ( " l a t i t u d e " , " l o n g i t u d e " , " t o t a l " , " prob4 " , " prob5 " , " prob3 " ,

" prob0 " ) ]

co lnames ( rmsedf ) <− c ( " l a t " , " l o n " , " obs " , " prob4 " , " prob5 " , " prob3 " , " prob0 " )

# remove i f NA

rmsedf<−rmsedf [ c o m p l e t e . c a s e s ( rmsedf ) , ]

rmseprob4<− s q r t ( mean ( ( rmsedf $ obs−rmsedf $ prob4 ) ^2 , na . rm=T ) ) ; rmseprob4

rmseprob5<− s q r t ( mean ( ( rmsedf $ obs−rmsedf $ prob5 ) ^2 , na . rm=T ) ) ; rmseprob5

rmseprob3<− s q r t ( mean ( ( rmsedf $ obs−rmsedf $ prob3 ) ^2 , na . rm=T ) ) ; rmseprob3

rmseprob0<− s q r t ( mean ( ( rmsedf $ obs−rmsedf $ prob0 ) ^2 , na . rm=T ) ) ; rmseprob0

maeprob4<−mean ( abs ( rmsedf $ obs−rmsedf $ prob4 ) , na . rm=T ) ; maeprob4

maeprob5<−mean ( abs ( rmsedf $ obs−rmsedf $ prob5 ) , na . rm=T ) ; maeprob5

maeprob3<−mean ( abs ( rmsedf $ obs−rmsedf $ prob3 ) , na . rm=T ) ; maeprob3

maeprob0<−mean ( abs ( rmsedf $ obs−rmsedf $ prob0 ) , na . rm=T ) ; maeprob0

# p l o t on 2d ( p r o j e c t i o n )

p r o j = i n l a . mesh . p r o j e c t o r ( mesh , p r o j e c t i o n = " l o n g l a t " , dims=c ( 1 4 4 4 , 7 2 4 )

)

win<−as . owin ( s t u d y a r e a )

l i b r a r y ( mgcv )

e<−expand . g r i d ( p r o j $x , p r o j $y )

i n s<− i n s i d e . owin ( e [ , 1 ] , e [ , 2 ] , win )

i n s<−m a t r i x ( i n s , nrow= l e n g t h ( p r o j $y ) )

xmean<− l i s t ( )

f o r ( j i n 1 : k ) {

xmean [ [ j ] ]<− i n l a . mesh . p r o j e c t ( p r o j , r e s f i n a l $summary . random $ i $mean [ i s e t

$ i . g roup == j ] ) # u p d a t e f i l e l o c a t i o n a c c o r d i n g t o model s e l e c t i o n

}

f o r ( j i n 1 : k ) {

xmean [ [ j ] ] [ ! i n s ]<−NA
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}

#RECHECK THIS ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

p r o b s u r f<− l i s t ( )

f o r ( j i n 1 : k ) {

p r o b s u r f [ [ j ] ]<− l o g ( p o i s s o n ( l i n k = ’ l o g ’ ) $ l i n k i n v ( r e s f i n a l $summary . f i x

[ 1 , 1 ] + r e s f i n a l $summary . f i x [ 2 , 1 ]

+ r e s f i n a l $summary . f i x [ 3 , 1 ] # u s i n g l o g b e f o r e ( p o i s s o n ( l i n k = . . . t o have

b e t t e r s c a l e

+ r e s f i n a l $summary . f i x [ 4 , 1 ] + r e s f i n a l $summary . f i x [ 5 , 1 ] + r e s f i n a l $summary .

f i x [ 6 , 1 ]

+xmean [ [ j ] ] ) # u p d a t e f i l e l o c a t i o n a c c o r d i n g t o model s e l e c t i o n

)

}

# p l o t prob . s u r f a c e f o r y e a r 2002

dev . o f f ( )

p l o t . new ( )

b r e a k s<−seq ( min ( p r o b s u r f [ [ 1 2 ] ] , na . rm=TRUE) , max ( p r o b s u r f [ [ 1 2 ] ] , na . rm=TRUE

) , by = 0 . 1 )

n<− l e n g t h ( b r e a k s )−1

p a r ( cex =3 , mar=c ( 5 , 4 , 2 , 4 . 5 ) + 0 . 1 ) #mar : c ( bottom , l e f t , top , r i g h t )

image . p l o t ( p r o j $x , p r o j $y , p r o b s u r f [ [ 1 ] ] , c o l = L l i n p a l ( n ) , x l a b =" L o n g i t u d e " ,

main= 2002 , sub=" Number o f l e t h a l a t t a c k ( l o g ) " , y l a b ="

L a t i t u d e " ,

x l im = c (−180 , 180) , y l im = c (−60 , 90) , z l im =c ( −8 ,8) , # z l im

c r e a t e s i d e n t i c a l s c a l e

b r e a k s = b r e a k s ) # s h o u l d have one more b r e a k t h a n c o l o r

# p l o t a l l y e a r s from 2002 t o 2013 and save i n f i l e a l l p i c t u r e s (30

p i c t u r e s )

f o r ( i i n 1 : 1 2 ) {

mypath= p a s t e ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD

/ La tex / phd−t h e s i s −t e m p l a t e−phd−l a t e x −t e m p l a t e− l a t e s t −s t a b l e /

C h a p t e r 5 / F i g s / R a s t e r / p p r o b s u r f " , i , " . png " , sep =" " )

png ( f i l e =mypath , wid th =1444 , h e i g h t =724)

p a r ( cex =3 , mar=c ( 5 , 4 , 2 , 3 . 5 ) + 0 . 1 ) #mar : c ( bottom , l e f t , top , r i g h t )

image . p l o t ( p r o j $x , p r o j $y , p r o b s u r f [ [ i ] ] , c o l = L l i n p a l ( n ) , x l a b =" L o n g i t u d e "

,

main=" Number o f l e t h a l a t t a c k ( l o g ) " , sub =2001+ i , y l a b =" L a t i t u d e " ,

x l im = c (−180 , 180) , y l im = c (−60 , 90) , z l im =c ( −8 ,8) ,

b r e a k s = b r e a k s )
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dev . o f f ( )

}

dev . o f f ( )

p l o t . new ( )

f o r ( i i n 1 : 1 2 ) {

mypath= p a s t e ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / STpoi s son /

p r o b s u r f / p p r o b s u r f " , i , " . eps " , sep =" " )

p o s t s c r i p t ( f i l e =mypath , h o r i z =FALSE , o n e f i l e =FALSE , wid th =21 , h e i g h t =8 ,

p a p e r =" a4 " )

p a r ( cex =3 , mar=c ( 3 . 7 5 , 0 . 1 , 1 . 7 5 , 3 . 4 ) + 0 . 1 ) #mar : c ( bottom , l e f t , top ,

r i g h t ) changed ’ mar ’ ( o r i g i n a l : mar=c ( 1 . 7 5 , 0 . 1 , 1 . 7 5 , 3 . 4 ) ) t o be

i n l i n e wi th random mean and sd p i c t u r e s

image . p l o t ( p r o j $x , p r o j $y , p r o b s u r f [ [ i ] ] , c o l = L l i n p a l ( n ) , x l a b =NA, y l a b =NA,

main=NA, axes =FALSE ,

x l im = c (−180 , 180) , y l im = c (−60 , 90) , z l im =c ( min ( p r o b s u r f

[ [ 1 2 ] ] , na . rm=TRUE) , max ( p r o b s u r f [ [ 1 2 ] ] , na . rm=TRUE) ) ,

b r e a k s = breaks , l e g e n d . s h r i n k = 1 . 1 )

dev . o f f ( )

}

#mean of t h e random f i e l d

# p l o t a l l y e a r s from 2002 t o 2013 and save i n f i l e a l l p i c t u r e s (30

p i c t u r e s )

m i n r f<−min ( s a p p l y ( xmean , min , na . rm=TRUE) )

maxrf<−max ( s a p p l y ( xmean , max , na . rm=TRUE) )

brk<−seq ( minr f , maxrf , by = 0 . 1 )

n<− l e n g t h ( brk )−1

f o r ( i i n 1 : 1 2 ) {

mypath= p a s t e ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD

/ La tex / phd−t h e s i s −t e m p l a t e−phd−l a t e x −t e m p l a t e− l a t e s t −s t a b l e /

C h a p t e r 5 / F i g s / R a s t e r / p b i r f " , i , " . png " , sep =" " )

png ( f i l e =mypath , wid th =1444 , h e i g h t =724)

p a r ( cex =3 , mar=c ( 5 , 4 , 2 , 3 . 5 ) + 0 . 1 ) #mar : c ( bottom , l e f t , top , r i g h t )

image . p l o t ( p r o j $x , p r o j $y , xmean [ [ i ] ] , c o l = L l i n p a l ( n ) , x l a b =" L o n g i t u d e " ,

main="Mean of t h e Random f i e l d " , sub =2001+ i , y l a b =" L a t i t u d e " ,

x l im = c (−180 , 180) , y l im = c (−60 , 90) , z l im =c ( minr f , maxrf ) ,

b r e a k s = brk )

dev . o f f ( )

}
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m i n r f<−min ( s a p p l y ( xmean , min , na . rm=TRUE) )

maxrf<−max ( s a p p l y ( xmean , max , na . rm=TRUE) )

brk<−seq ( minr f , maxrf , by = 0 . 0 1 )

n<− l e n g t h ( brk )−1

f o r ( i i n 1 : 1 2 ) {

mypath= p a s t e ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / STpoi s son /

b i r f / p b i r f " , i , " . eps " , sep =" " )

p o s t s c r i p t ( f i l e =mypath , h o r i z =FALSE , o n e f i l e =FALSE , wid th =21 , h e i g h t =8 ,

p a p e r =" a4 " )

p a r ( cex =3 , mar=c ( 1 . 7 5 , 0 . 1 , 1 . 7 5 , 3 . 4 ) + 0 . 1 ) #mar : c ( bottom , l e f t , top ,

r i g h t )

image . p l o t ( p r o j $x , p r o j $y , xmean [ [ i ] ] , c o l = L l i n p a l ( n ) , x l a b =NA, y l a b =NA,

main=NA, axe s =FALSE , z l im =c ( minr f , maxrf ) ,

b r e a k s = brk )

dev . o f f ( )

}

# s t a n d a r d d e v i a t i o n o f t h e random f i e l d

xsd<− l i s t ( )

f o r ( j i n 1 : k ) {

xsd [ [ j ] ]<− i n l a . mesh . p r o j e c t ( p r o j , r e s f i n a l $summary . random $ i $ sd [ i s e t $ i .

g roup == j ] )

}

f o r ( j i n 1 : k ) {

xsd [ [ j ] ] [ ! i n s ]<−NA

}

minsd<−min ( s a p p l y ( xsd , min , na . rm=TRUE) )

maxsd<−max ( s a p p l y ( xsd , max , na . rm=TRUE) )

brk<−seq ( minsd , maxsd , by = 0 . 0 5 )

n<− l e n g t h ( brk )−1

dev . o f f ( )

p l o t . new ( )

f o r ( i i n 1 : 1 2 ) {

mypath= p a s t e ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD

/ La tex / phd−t h e s i s −t e m p l a t e−phd−l a t e x −t e m p l a t e− l a t e s t −s t a b l e /

C h a p t e r 5 / F i g s / R a s t e r / p b i s d r f " , i , " . png " , sep =" " )

png ( f i l e =mypath , wid th =1444 , h e i g h t =724)

p a r ( cex =3 , mar=c ( 5 , 4 , 2 , 3 . 5 ) + 0 . 1 ) #mar : c ( bottom , l e f t , top , r i g h t )

image . p l o t ( p r o j $x , p r o j $y , xsd [ [ i ] ] , c o l = L l i n p a l ( n ) , x l a b =" L o n g i t u d e " ,



C.7 Poisson Models: Model Selection and Graphics 299

main=" S t a n d a r d d e v i a t i o n o f t h e Random f i e l d " , sub =2001+ i ,

y l a b =" L a t i t u d e " ,

x l im = c (−180 , 180) , y l im = c (−60 , 90) , z l im =c ( minsd , maxsd ) ,

b r e a k s = brk )

dev . o f f ( )

}

minsd<−min ( s a p p l y ( xsd , min , na . rm=TRUE) )

maxsd<−max ( s a p p l y ( xsd , max , na . rm=TRUE) )

brk<−seq ( minsd , maxsd , by = 0 . 0 1 )

n<− l e n g t h ( brk )−1

f o r ( i i n 1 : 1 2 ) {

mypath= p a s t e ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / STpoi s son /

b i s d r f / p b i s d r f " , i , " . eps " , sep =" " )

p o s t s c r i p t ( f i l e =mypath , h o r i z =FALSE , o n e f i l e =FALSE , wid th =21 , h e i g h t =8 ,

p a p e r =" a4 " )

p a r ( cex =3 , mar=c ( 1 . 7 5 , 0 . 1 , 1 . 7 5 , 3 . 4 ) + 0 . 1 ) #mar : c ( bottom , l e f t , top ,

r i g h t )

image . p l o t ( p r o j $x , p r o j $y , xsd [ [ i ] ] , c o l = L l i n p a l ( n ) , x l a b =NA, y l a b =NA,

main=NA, axe s =FALSE , z l im =c ( minsd , maxsd ) ,

b r e a k s = brk )

dev . o f f ( )

}

# graph ( p a r a m e t e r p o s t e r i o r d e n s i t i e s )

# i n t e r c e p t

p l o t . new ( )

p a r ( mfrow=c ( 1 , 2 ) , mar=c ( 3 , 3 . 5 , 0 , 0 ) , mgp=c ( 1 . 5 , . 5 , 0 ) , l a s =0)

p l o t ( r e s f i n a l $ m a r g i n a l s . f i x [ [ 1 ] ] , t y p e = ’ l ’ , x l a b = ’ I n t e r c e p t ’ , y l a b = ’

P o s t e r i o r d e n s i t y ’ ) # u p d a t e f i l e l o c a t i o n a c c o r d i n g t o model s e l e c t i o n

r f s d<−d e n s i t y ( r e s f i n a l $summary . random $ i [ [ 3 ] ] ) # , x l a b = ’ sd o f t h e random

f i e l d ’ , y l a b = ’ P o s t e r i o r d e n s i t y ’ )

p l o t ( r f s d , main= ’ ’ , x l a b = ’ s t a n d a r d d e v i a t i o n o f t h e random f i e l d ’ , y l a b = ’

P o s t e r i o r d e n s i t y ’ )

# Beta c o e f f i c i e n t s

round ( r e s f i n a l $summary . f i x e d [ , 1 : 5 ] , 3 )

# t e m p o r a l and s p a t i a l p a r a m e t e r s

summary ( r e s f i n a l )

# S p a t i a l p a r a m e t e r s wi th nomina l s c a l e ( t ime i s a g g r e g a t e d )

spde . r e s f i n a l <− i n l a . spde2 . r e s u l t ( r e s f i n a l , name=" i " , spde , do . t r a n s f o r m =

TRUE) #do . t r a n s f o r m p u t i n c o r r e c t s c a l e
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# kappa / computed u s i n g B l a n g i a r d o & C a m e l e t t i ( 2 0 1 5 )

Kappa<− i n l a . e m a r g i n a l ( f u n c t i o n ( x ) x , spde . r e s f i n a l $ m a r g i n a l s . kappa [ [ 1 ] ] )

# kappa ( mean )

Kappahpd<− i n l a . h p d m a r g i n a l ( 0 . 9 5 , spde . r e s f i n a l $ m a r g i n a l s . kappa [ [ 1 ] ] ) #

kappa ( hpd 95%)

# v a r i a n c e o f t h e random f i e l d

v a r i a n c e<− i n l a . e m a r g i n a l ( f u n c t i o n ( x ) x , spde . r e s f i n a l $ m a r g i n a l s . v a r i a n c e

. nomina l [ [ 1 ] ] ) # v a r i a n c e ( mean )

v a r i a n c e h p d<− i n l a . h p d m a r g i n a l ( 0 . 9 5 , spde . r e s f i n a l $ m a r g i n a l s . v a r i a n c e .

nomina l [ [ 1 ] ] ) # v a r i a n c e ( hpd 95%)

# r a n g e i n r a d i a n

r a n g e<− i n l a . e m a r g i n a l ( f u n c t i o n ( x ) x , spde . r e s f i n a l $ m a r g i n a l s . r a n g e .

nomina l [ [ 1 ] ] ) # r a n g e ( mean )

rangehpd<− i n l a . h p d m a r g i n a l ( 0 . 9 5 , spde . r e s f i n a l $ m a r g i n a l s . r a n g e . nomina l

[ [ 1 ] ] ) # r a n g e ( hpd 95%)

# Matern

mate rn <− f u n c t i o n ( lambda , kappa , d i s t )

2^(1− lambda ) / gamma ( lambda ) * ( kappa * d i s t ) ^ lambda * b e s s e l K ( x= d i s t * kappa

, nu=lambda )

d i s t . x = seq ( 0 , 0 . 3 1 , l =100)

lambda<−1

kappa<−c ( Kappahpd [ , 1 ] , Kappa , Kappahpd [ , 2 ] )

p l o t . new ( )

dev . o f f ( )

mypath<−" ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / STpoi sson / Matern2 .

eps "

p o s t s c r i p t ( f i l e =mypath , h o r i z =FALSE , o n e f i l e =FALSE , wid th =0 , h e i g h t =0 , p a p e r =

" d e f a u l t " )

p a r ( cex = 3 . 0 , mar=c ( 4 , 4 , 1 . 0 , 1 . 0 ) + 0 . 1 , mgp=c ( 2 . 3 , 1 , 0 ) ) #mar : c ( bottom ,

l e f t , top , r i g h t )

p l o t ( d i s t . x , ma te rn ( lambda , kappa=kappa [ 2 ] , d i s t . x ) , lwd =3 , t y p e =" l " , y l a b ="

M a t rn c o v a r i a n c e f u n c t i o n " , x l a b =" d i s t a n c e [km] " , l t y =1 , x a x t = ’ n ’ )

l i n e s ( d i s t . x , ma te rn ( lambda , kappa=kappa [ 1 ] , d i s t . x ) , lwd =3 , t y p e =" l " , y l a b =NA

, x l a b =NA, l t y =2)

l i n e s ( d i s t . x , ma te rn ( lambda , kappa=kappa [ 3 ] , d i s t . x ) , lwd =3 , t y p e =" l " , y l a b =NA

, x l a b =NA, l t y =2)

a b l i n e ( a = 0 . 1 , b =0 , v = NULL, r e g = NULL, l t y =3 , lwd =2) # f o r v e r t i c a l

v a l u e v= r a n g e

a b l i n e ( v = range , l t y =3 , lwd =2) # f o r v e r t i c a l v a l u e v= r a n g e
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a x i s ( 1 , a t = seq ( 0 ,2000 / 6371 ,500 / 6371) , l a b e l s =c ( 0 , 5 0 0 , 1 0 0 0 , 1 5 0 0 , 2 0 0 0 ) ) #1

r a d =6371km , 2000 km=2000 / 6371 r a d

dev . o f f ( )

# f o r t h e s i s

p l o t . new ( )

dev . o f f ( )

mypath<−"C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD / La tex /

phd−t h e s i s −t e m p l a t e−phd−l a t e x −t e m p l a t e− l a t e s t −s t a b l e / C h a p t e r 5 / F i g s /

PDF / Matern2 . pdf "

pdf ( f i l e =mypath , o n e f i l e =FALSE , p a p e r =" s p e c i a l " )

p a r ( cex = 2 . 2 , mar=c ( 4 , 4 , 1 . 0 , 1 . 0 ) + 0 . 1 , mgp=c ( 2 . 3 , 1 , 0 ) ) #mar : c ( bottom ,

l e f t , top , r i g h t )

p l o t ( d i s t . x , ma te rn ( lambda , kappa=kappa [ 2 ] , d i s t . x ) , lwd =3 , t y p e =" l " , y l a b ="

M a t rn c o v a r i a n c e f u n c t i o n " , x l a b =" d i s t a n c e [km] " , l t y =1 , x a x t = ’ n ’ ,

y a x t = ’ n ’ )

l i n e s ( d i s t . x , ma te rn ( lambda , kappa=kappa [ 1 ] , d i s t . x ) , lwd =3 , t y p e =" l " , y l a b =NA

, x l a b =NA, l t y =2)

l i n e s ( d i s t . x , ma te rn ( lambda , kappa=kappa [ 3 ] , d i s t . x ) , lwd =3 , t y p e =" l " , y l a b =NA

, x l a b =NA, l t y =2)

a b l i n e ( a = 0 . 1 , b =0 , v = NULL, r e g = NULL, l t y =3 , lwd =2) # f o r v e r t i c a l

v a l u e v= r a n g e

a b l i n e ( v = range , l t y =3 , lwd =2) # f o r v e r t i c a l v a l u e v= r a n g e

a x i s ( 1 , a t = seq ( 0 ,2000 / 6371 ,500 / 6371) , l a b e l s =c ( 0 , 5 0 0 , 1 0 0 0 , 1 5 0 0 , 2 0 0 0 ) ) #1

r a d =6371km , 2000 km=2000 / 6371 r a d

a x i s ( 2 , a t = seq ( 0 , 0 . 8 , 0 . 2 ) , l a b e l s =c ( 0 . 0 , 0 . 2 , 0 . 4 , 0 . 6 , 0 . 8 ) ) #1 r a d =6371km ,

2000 km=2000 / 6371 r a d

dev . o f f ( )

# c o m p u t a t i o n a l t ime

#MCMC (N^3) i n R2

MCMC<−(9697 * 12) ^3

#INLA (N^( 3 / 2 ) ) i n R2

INLA<−(9697 * 12) ^ ( 3 / 2 )

# r a t i o n INLA /MCMC

MCMC/ INLA

# p l o t compar ing p o i s s o n wi th d e f a u l t p r i o r s and manual p r i o r s

c o e f f<−as . d a t a . f rame ( r e s f i n a l $summary . f i x e d [ 3 : 5 ] ) # keep 0 .025Q, 0 . 5 Q, 0 . 9 7 5

Q

# kappa / computed u s i n g B l a n g i a r d o & C a m e l e t t i ( 2 0 1 5 )
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v a r i a n c e<− i n l a . e m a r g i n a l ( f u n c t i o n ( x ) x , spde . r e s f i n a l $ m a r g i n a l s . v a r i a n c e

. nomina l [ [ 1 ] ] ) # v a r i a n c e ( mean )

v a r i a n c e h p d<− i n l a . h p d m a r g i n a l ( 0 . 9 5 , spde . r e s f i n a l $ m a r g i n a l s . v a r i a n c e .

nomina l [ [ 1 ] ] ) # v a r i a n c e ( hpd 95%)

r a n g e<− i n l a . e m a r g i n a l ( f u n c t i o n ( x ) x , spde . r e s f i n a l $ m a r g i n a l s . r a n g e .

nomina l [ [ 1 ] ] ) # r a n g e ( mean )

rangehpd<− i n l a . h p d m a r g i n a l ( 0 . 9 5 , spde . r e s f i n a l $ m a r g i n a l s . r a n g e . nomina l

[ [ 1 ] ] ) # r a n g e ( hpd 95%)

r<−as . v e c t o r ( c ( r angehpd [ 1 ] , range , r angehpd [ 2 ] ) ) # keep 0 .025Q, 0 . 5 Q, 0 . 9 7 5Q

t<−as . v e c t o r ( c (1 / v a r i a n c e h p d [ 2 ] , 1 / v a r i a n c e , 1 / v a r i a n c e h p d [ 1 ] ) ) # keep 0 .025

Q, 0 . 5 Q, 0 . 9 7 5Q

d e f<− r b i n d ( c o e f f , r , t )

d e f $ model<−1

# wi th manual p r i o r ( e l i c i t e d )

c o e f f 2<−as . d a t a . f rame ( r e s p r i o r $summary . f i x e d [ 3 : 5 ] ) # keep 0 .025Q, 0 . 5 Q

, 0 . 9 7 5Q

v a r i a n c e<− i n l a . e m a r g i n a l ( f u n c t i o n ( x ) x , spde . r e s p r i o r $ m a r g i n a l s . v a r i a n c e

. nomina l [ [ 1 ] ] ) # v a r i a n c e ( mean )

v a r i a n c e h p d<− i n l a . h p d m a r g i n a l ( 0 . 9 5 , spde . r e s p r i o r $ m a r g i n a l s . v a r i a n c e .

nomina l [ [ 1 ] ] ) # v a r i a n c e ( hpd 95%)

r a n g e<− i n l a . e m a r g i n a l ( f u n c t i o n ( x ) x , spde . r e s p r i o r $ m a r g i n a l s . r a n g e .

nomina l [ [ 1 ] ] ) # r a n g e ( mean )

rangehpd<− i n l a . h p d m a r g i n a l ( 0 . 9 5 , spde . r e s p r i o r $ m a r g i n a l s . r a n g e . nomina l

[ [ 1 ] ] ) # r a n g e ( hpd 95%)

r2<−as . v e c t o r ( c ( r angehpd [ 1 ] , range , r angehpd [ 2 ] ) ) # keep 0 .025Q, 0 . 5 Q, 0 . 9 7 5Q

t 2<−as . v e c t o r ( c (1 / v a r i a n c e h p d [ 2 ] , 1 / v a r i a n c e , 1 / v a r i a n c e h p d [ 1 ] ) ) # keep

0 .025Q, 0 . 5 Q, 0 . 9 7 5Q

def 2<− r b i n d ( c o e f f 2 , r2 , t 2 )

de f 2 $ model<−2

a l l d e f <− r b i n d ( def , de f2 )

a l l d e f $ model<−as . f a c t o r ( a l l d e f $ model )

a l l d e f $name<−c ( " b0 " , " lum " , " t t " , " pop " , " a l t " , " p o l " , " r a n g e " , " t a u " , " b0 " , " lum

" , " t t " , " pop " , " a l t " , " p o l " , " r a n g e " , " t a u " )

a l l d e f <− a l l d e f [ o r d e r ( a l l d e f $name , a l l d e f $ model ) , ]

a l l d e f $ number<−as . numer ic ( c ( " 3 " , " 4 " , " 1 " , " 2 " , " 5 " , " 6 " , " 7 " , " 8 " , " 9 " , " 10 " , " 13

" , " 14 " , " 15 " , " 16 " , " 11 " , " 12 " ) )

a l l d e f <− a l l d e f [ o r d e r ( a l l d e f $ number ) , ]
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p l o t . new ( )

dev . o f f ( )

mypath<−"~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / STpoi sson /

p o i s s p r i o r c o m p a . eps "

p o s t s c r i p t ( f i l e =mypath , h o r i z =FALSE , o n e f i l e =FALSE , wid th =0 , h e i g h t =0 , p a p e r =

" d e f a u l t " )

p a r ( cex =2 , mar=c ( 2 . 2 , 4 . 3 , 0 . 3 , 0 . 3 ) + 0 . 1 ) #mar : c ( bottom , l e f t , top , r i g h t )

d o t c h a r t ( a l l d e f [ , 2 ] , l a b e l s =c ( e x p r e s s i o n ( b e t a [ 0 ] ) , " " , e x p r e s s i o n ( b e t a [ a l t

] ) , " " , e x p r e s s i o n ( b e t a [ lum ] ) , " " , e x p r e s s i o n ( b e t a [ p o l ] ) , " " , e x p r e s s i o n (

b e t a [ pop ] ) , " " , e x p r e s s i o n ( b e t a [ t t ] ) , " " , e x p r e s s i o n ( i t a l i c ( r a n g e ) ) , " " ,

e x p r e s s i o n ( t a u ) , " " ) ,

pch=c ( 1 9 , 1 7 ) , # pch=c ( 2 1 , 1 7 ) ,# bg=c ( " b l a c k " , " w h i t e " ) ,

x l im =c ( min ( a l l d e f [ , 1 ] ) , max ( a l l d e f [ , 3 ] ) ) )

segmen t s ( a l l d e f [ ,2 ] − ( a l l d e f [ ,2] − a l l d e f [ , 1 ] ) , 1 : 1 6 , a l l d e f [ , 2 ] + ( a l l d e f [ ,3] −
a l l d e f [ , 2 ] ) , 1 : 1 6 , lwd =2)

dev . o f f ( )

#End #####





Appendix D

Hotspots and Diffusion Processes of

Lethal Terrorism

D.1 Definition of Hotspot, Escalation, and Diffusion Pro-

cesses

This is the code used to define hotspots, escalation, and diffusion of the lethality of terrorism

and creates graphics for visualisation.

#SPATIO−TEMPORAL MODELLING / B e r n o u l l i model o f t h e l e t h a l i t y o f

t e r r o r i s m wor ldwide 2002−2013

#The code used t o d e f i n e h o t s p o t s , e s c a l a t i o n , and d i f f u s i o n and t o

g e n e r a t e g r a p h i c s f o r v i s u a l i s a t i o n .

# Be f o r e r u n n i n g t h e code , t h e s e l e c t e d model s h o u l d be used .

se twd ( "~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / S T b i n o m i a l t o t a l " )

rm ( l i s t = l s ( ) )

r e q u i r e ( f o r e i g n )

r e q u i r e ( sp )

l i b r a r y ( INLA )

l i b r a r y ( s p a t s t a t )

l i b r a r y ( f i e l d s )

l i b r a r y ( m a p t o o l s )

l i b r a r y ( f i e l d s )

l i b r a r y ( l a t t i c e )

r e q u i r e ( r g d a l ) # r e q u i r e d f o r b u f f e r

l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / SPDE . RData " )



306 Hotspots and Diffusion Processes of Lethal Terrorism

l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / S T b i n o m i a l t o t a l /

S T b i n t o t a l . RData " ) # u p d a t e f i l e l o c a t i o n a c c o r d i n g t o s e l e c t e d model

and t h e o t h e r ones

# l o a d ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R /

NTNU/ S T b i n f i n a l . RData " ) # d a t a 2002−2013

rm ( r e s , r e s1 , r e s2 , r e s3 , r e s4 , r e s5 , r e s p r i o r ) # remove u n s e l e c t e d models

l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / S T b i n o m i a l t o t a l / L l i n p a l

. RData " ) # l o a d custom p a l e t t e

c o u n t r y<− r e a d S h a p e S p a t i a l ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n /

StAndrews / PhD / PhD_ArcGIS / World map / c o u n t r y . shp " ) # l o a d c o u n t r y b o r d e r s

wi th same c h a r a c t e r i s t i c s t h a n s t u d y a r e a ( f o r p l o t )

p r o j 4 s t r i n g ( c o u n t r y )<−CRS( "+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84

=0 ,0 ,0+ e l l p s =WGS84" )

# p r o j e c t i o n o f t h e mesh and r e s t r i c t i o n o f a n a l y s i s i n t h e s t u d y a r e a (

ocean e x c l u d e d )

p r o j = i n l a . mesh . p r o j e c t o r ( mesh , p r o j e c t i o n = " l o n g l a t " , dims=c

( 1 4 4 0 , 7 2 0 ) ) # r e s o l u t i o n i d e n t i c a l t o PRIO−Grid

win<−as . owin ( s t u d y a r e a )

l i b r a r y ( mgcv )

e<−expand . g r i d ( p r o j $x , p r o j $y )

i n s<− i n s i d e . owin ( e [ , 1 ] , e [ , 2 ] , win )

i n s<−m a t r i x ( i n s , nrow= l e n g t h ( p r o j $y ) )

# g e t l i n e a r p r e d i c t o r p r e d i c t i o n Quant 0 .025

# c o v a r i a t e v a l u e a t mesh l o c a t i o n

r e q u i r e ( r a s t e r )

# c r e a t e l o n l a t i n m a t r i x form

l o c 2 d<− i n l a . mesh . map ( mesh$ loc , p r o j e c t i o n = " l o n g l a t " , i n v e r s e = FALSE)

l o c 2 d<−as . d a t a . f rame ( l o c 2 d )

l o c 2 d $ p o s i t i o n<−rownames ( l o c 2 d )

xy = S p a t i a l P o i n t s ( c b i n d ( l o c 2 d [ , 1 ] , l o c 2 d [ , 2 ] ) )

xy = S p a t i a l P o i n t s D a t a F r a m e ( c b i n d ( l o c 2 d [ , 1 ] , l o c 2 d [ , 2 ] ) , l o c 2 d )

p r o j 4 s t r i n g ( xy )<−CRS( "+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84" )

#xy<−xy [ s t u d y a r e a , ]

lum02<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / l u m i n o s i t y / lum02 . t i f " )

WGS84 = "+ p r o j = l o n g l a t +datum=WGS84 + e l l p s =WGS84 +towgs84 =0 ,0 ,0 "

p r o j e c t i o n ( lum02 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"



D.1 Definition of Hotspot, Escalation, and Diffusion Processes 307

lum03<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / l u m i n o s i t y / lum03 . t i f " )

p r o j e c t i o n ( lum03 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

lum04<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / l u m i n o s i t y / lum04 . t i f " )

p r o j e c t i o n ( lum04 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

lum05<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / l u m i n o s i t y / lum05 . t i f " )

p r o j e c t i o n ( lum05 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

lum06<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / l u m i n o s i t y / lum06 . t i f " )

p r o j e c t i o n ( lum06 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

lum07<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / l u m i n o s i t y / lum07 . t i f " )

p r o j e c t i o n ( lum07 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

lum08<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / l u m i n o s i t y / lum08 . t i f " )

p r o j e c t i o n ( lum08 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

lum09<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / l u m i n o s i t y / lum09 . t i f " )

p r o j e c t i o n ( lum09 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

lum10<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / l u m i n o s i t y / lum10 . t i f " )

p r o j e c t i o n ( lum10 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

lum11<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / l u m i n o s i t y / lum11 . t i f " )

p r o j e c t i o n ( lum11 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

lum12<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / l u m i n o s i t y / lum12 . t i f " )

p r o j e c t i o n ( lum12 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"



308 Hotspots and Diffusion Processes of Lethal Terrorism

lum13<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_ArcGIS / l u m i n o s i t y / F182013 . v4c _web . s t a b l e _ l i g h t s . avg _ v i s . t i f " )

p r o j e c t i o n ( lum13 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

# e x t r a c t l u m i n o s i t y v a l u e s a t l o c a t i o n s i n s p a c e and t ime d e f i n e d by GTD

space−t ime l o c a t i o n s ( t ime−consuming ! )

lum02<−as . d a t a . f rame ( lum02<− e x t r a c t ( lum02 , xy , method= ’ s i m p l e ’ ) )

lum03<−as . d a t a . f rame ( lum03<− e x t r a c t ( lum03 , xy , method= ’ s i m p l e ’ ) )

lum04<−as . d a t a . f rame ( lum04<− e x t r a c t ( lum04 , xy , method= ’ s i m p l e ’ ) )

lum05<−as . d a t a . f rame ( lum05<− e x t r a c t ( lum05 , xy , method= ’ s i m p l e ’ ) )

lum06<−as . d a t a . f rame ( lum06<− e x t r a c t ( lum06 , xy , method= ’ s i m p l e ’ ) )

lum07<−as . d a t a . f rame ( lum07<− e x t r a c t ( lum07 , xy , method= ’ s i m p l e ’ ) )

lum08<−as . d a t a . f rame ( lum08<− e x t r a c t ( lum08 , xy , method= ’ s i m p l e ’ ) )

lum09<−as . d a t a . f rame ( lum09<− e x t r a c t ( lum09 , xy , method= ’ s i m p l e ’ ) )

lum10<−as . d a t a . f rame ( lum10<− e x t r a c t ( lum10 , xy , method= ’ s i m p l e ’ ) )

lum11<−as . d a t a . f rame ( lum11<− e x t r a c t ( lum11 , xy , method= ’ s i m p l e ’ ) )

lum12<−as . d a t a . f rame ( lum12<− e x t r a c t ( lum12 , xy , method= ’ s i m p l e ’ ) )

lum13<−as . d a t a . f rame ( lum13<− e x t r a c t ( lum13 , xy , method= ’ s i m p l e ’ ) )

# # i n t e r c a l i b r a t i o n based on Elv idge2013

# # P r o c e s s : 1 ) c a l c u l a t e : Y = C0 + C1X + C2X^2 / / 2 ) Va lues > 63 a r e

t r u n c a t e d a t 63 / / 3 ) v a l u e s = 0 s t a y z e r o .

# S a t Year C0 C1 C2

# F15 2002 0 .0491 0 .9568 0 .0010

# F15 2003 0 .2217 1 .5122 −0.0080

# F16 2004 0 .2853 1 .1955 −0.0034

# F16 2005 −0.0001 1 .4159 −0.0063

# F16 2006 0 .1065 1 .1371 −0.0016

# F16 2007 0 .6394 0 .9114 0 .0014

# F16 2008 0 .5564 0 .9931 0 .0000

# F16 2009 0 .9492 1 .0683 −0.0016

# F18 2010 2 .3430 0 .5102 0 .0065

# F18 2011 1 .8956 0 .7345 0 .0030

# F18 2012 1 .8750 0 .6203 0 .0052

f02 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 0 .0491+0 .9568 *x +0.0010 *x ^2 , 0 ) }# i f t h e

v a l u e s a r e above 0 , e x e c u t e i n t e r c a l i b r a t i o n

f03 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 0 .2217+1 .5122 *x +0.0010 *x ^2 , 0 ) }

f04 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 0 .2853+1 .1955 *x +0.0010 *x ^2 , 0 ) }

f05 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , −0.0001+1.4159 *x +0.0010 *x ^2 , 0 ) }

f06 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 0 .1065+1 .1371 *x +0.0010 *x ^2 , 0 ) }
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f07 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 0 .6394+0 .9114 *x +0.0010 *x ^2 , 0 ) }

f08 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 0 .5564+0 .9931 *x +0.0010 *x ^2 , 0 ) }

f09 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 0 .9492+1 .0683 *x +0.0010 *x ^2 , 0 ) }

f10 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 2 .3430+0 .5102 *x +0.0010 *x ^2 , 0 ) }

f11 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 1 .8956+0 .7345 *x +0.0010 *x ^2 , 0 ) }

f12 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 1 .8750+0 .6203 *x +0.0010 *x ^2 , 0 ) }

f13 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 1 .8750+0 .6203 *x +0.0010 *x ^2 , 0 ) }

lum02<−as . d a t a . f rame ( s a p p l y ( lum02 , f02 ) )

lum02 [ lum02 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

lum03<−as . d a t a . f rame ( s a p p l y ( lum03 , f03 ) )

lum03 [ lum03 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

lum04<−as . d a t a . f rame ( s a p p l y ( lum04 , f04 ) )

lum04 [ lum04 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

lum05<−as . d a t a . f rame ( s a p p l y ( lum05 , f05 ) )

lum05 [ lum05 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

lum06<−as . d a t a . f rame ( s a p p l y ( lum06 , f06 ) )

lum06 [ lum06 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

lum07<−as . d a t a . f rame ( s a p p l y ( lum07 , f07 ) )

lum07 [ lum07 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

lum08<−as . d a t a . f rame ( s a p p l y ( lum08 , f08 ) )

lum08 [ lum08 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

lum09<−as . d a t a . f rame ( s a p p l y ( lum09 , f09 ) )

lum09 [ lum09 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

lum10<−as . d a t a . f rame ( s a p p l y ( lum10 , f10 ) )

lum10 [ lum10 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

lum11<−as . d a t a . f rame ( s a p p l y ( lum11 , f11 ) )

lum11 [ lum11 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

lum12<−as . d a t a . f rame ( s a p p l y ( lum12 , f12 ) )

lum12 [ lum12 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

lum13<−as . d a t a . f rame ( s a p p l y ( lum13 , f13 ) )

lum13 [ lum13 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

l u m l s<− l i s t ( lum02 , lum03 , lum04 , lum05 , lum06 , lum07 , lum08 , lum09 , lum10 , lum11 ,

lum12 , lum13 )

# # n o r m a l i s i n g d a t a

f o r ( j i n 1 : k ) {

l u m l s [ [ j ] ] [ , 1 ] <− s c a l e ( l u m l s [ [ j ] ] [ , 1 ] )

names ( l u m l s [ [ j ] ] ) <−" lum "

}
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xydf<− l i s t ( )

f o r ( j i n 1 : k ) {

xydf [ [ j ] ]<−as . d a t a . f rame ( xy )

xydf [ [ j ] ] $ t ime<−2001+ j

}

# t r a v e l t ime c o v a r i a t e ( s p a t i a l n o t t e m p o r a l )

t t i m e <− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews /

PhD / PhD_ArcGIS / t r a v e l t i m e / a c c e s s _50k / acc _50k " )

# t t i m e<−p r o j e c t R a s t e r ( t t i m e , c r s =WGS84)

# p r o j e c t i o n ( t t i m e )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

t t <− e x t r a c t ( t t i m e , xy , method= ’ s i m p l e ’ ) # e x t r a c t c o v a r i a t e v a l u e a t p o i n t

l o c a t i o n s

t t <−as . v e c t o r ( t t )

# r e p l a c e NA v a l u e s by 0

t t [ i s . na ( t t ) ] <− 0

t t <− s c a l e ( t t ) # n o r m a l i s i n g d a t a ( mean =0 , sd =1) f o r b e t t e r INLA p r o c e s s

GREG <− r e a d S h a p e S p a t i a l ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n /

StAndrews / PhD / PhD_R /GREG/GREG. shp " )

p r o j 4 s t r i n g (GREG)<−CRS( "+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84

=0 ,0 ,0+ e l l p s =WGS84" )

# i n t e r s e c t v a l u e s o f GREG wi th p o i n t s o f xy

o <− ove r ( xy ,GREG)

# i f no e t h n i c group ( 0 ) p u t NA i n o r d e r t h a t t h e a b s e n c e o f e t h n i c group

w i l l n o t be c o u n t e d

# keep on ly i d and number o f e t h n i c g r oup s

xyGREG<−o [ , c ( 5 , 6 , 7 ) ]

# i f no e t h n i c group ( 0 ) p u t NA i n o r d e r t h a t t h e a b s e n c e o f e t h n i c group

w i l l n o t be c o u n t e d

xyGREG[xyGREG == 0] <− NA

xyGREG$ i d <− c ( 1 : nrow (xyGREG) )

xyGREG<−ddp ly (xyGREG , . ( i d ) , muta te , c o u n t = l e n g t h ( u n i qu e ( na . omi t ( c (

G1ID , G2ID , G3ID ) ) ) ) )

# s c a l e

xyGREG$ c o u n t<− s c a l e (xyGREG$ c o u n t )

# keep a v e c t o r

g re g<−as . v e c t o r (xyGREG$ c o u n t )

# A l t i t u d e c o v a r i a t e ( s p a t i a l n o t t e m p o r a l )

# s o u r c e : DEM map (ETOPO1) : h t t p s : / /www. ngdc . noaa . gov / mgg / g l o b a l / r e l i e f /

ETOPO1 / image /
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a l t i t u d e <− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews

/ PhD / PhD_ArcGIS /DEM/ ETOPO1 / c o l o r _ e t opo 1 _ i c e _ f u l l . t i f " )

p r o j e c t i o n ( a l t i t u d e )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84

=0 ,0 ,0+ e l l p s =WGS84"

# e x t r a c t c o o r d i n a t e s from p o p u l a t i o n a t t h e l o c a t i o n o f t h e p o i n t s

c o o r d i n a t e s

a l t <− e x t r a c t ( a l t i t u d e , xy , method= ’ s i m p l e ’ ) # e x t r a c t c o v a r i a t e v a l u e a t

p o i n t l o c a t i o n s

a l t <−as . v e c t o r ( a l t )

# r e p l a c e NA v a l u e s by 0

a l t [ i s . na ( a l t ) ] <− 0

a l t <− s c a l e ( a l t ) # n o r m a l i s i n g d a t a ( mean =0 , sd =1) f o r b e t t e r INLA p r o c e s s

f o r ( j i n 1 : k ) {

xydf [ [ j ] ] $ lum<− l u m l s [ [ j ] ] $ lum

xydf [ [ j ] ] $ t t <− t t

xydf [ [ j ] ] $ g r eg<− g re g

xydf [ [ j ] ] $ a l t <− a l t

xydf [ [ j ] ] $ t ime<− xydf [ [ j ] ] $ t ime −2001

}

rm (GTD,GTDGREG, GTDpt , loc2d , lum02 , lum03 , lum04 , lum05 , lum06 , lum07 , lum08 ,

lum09 , lum10 , lum11 , lum12 , lum13 )

rm ( a l t , da t a , d i s t b , lum , o , pop , s l o , t e s t , t t , xy , xyDpt , xyGREG , a l t i t u d e ,GREG, i ,

id , i n t e r i o r , j , k , kappa0 , l u m l s )

rm ( greg , nv , pol , range0 , r e s 4 b i s , sigma0 , sigma0 , s t k , s t u d y a r e a , tau0 , t ime ,

t t i m e , xypt , f02 , f03 , f04 , f05 , f06 , f07 )

rm ( f08 , f09 , f10 , f11 , f12 , f13 )

# c o v a r i a t e s a t t h e mesh v e r t i c e s i n 12 y e a r s

x y a l l<−do . c a l l ( " r b i n d " , xydf )

x y a l l<−x y a l l [ c ( "V1" , "V2" , " t ime " , " lum " , " t t " , " g r e g " , " a l t " ) ]

a t t r ( x y a l l $lum , " dimnames " ) <− NULL

a t t r ( x y a l l $ a l t , " dimnames " ) <− NULL

a t t r ( x y a l l $ t t , " dimnames " ) <− NULL

x y a l l $ lum<−as . numer ic ( x y a l l $ lum )

x y a l l $ t t <−as . numer ic ( x y a l l $ t t )

x y a l l $ a l t <−as . numer ic ( x y a l l $ a l t )

# l o a d o l d d a t a

l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / S T b i n o m i a l t o t a l /

S T b i n t o t a l . RData " ) # u p d a t e f i l e l o c a t i o n a c c o r d i n g t o s e l e c t e d model

and t h e o t h e r ones

o l d d f<−as . d a t a . f rame ( c b i n d ( y , lum , t t , greg , a l t , t ime , l o c ) )
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names ( o l d d f )<−c ( " y " , " lum " , " t t " , " g r e g " , " a l t " , " t ime " , "V1" , "V2" , "V3" )

o l d d f<−o l d d f [ c o m p l e t e . c a s e s ( o l d d f $y ) , ]

# t o sa ve t ime , s t a r t from h e r e . . .

# l o a d ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R /

SPDE / S T b i n o m i a l t o t a l / m i n f i l e . RData " )

k<−12

spde <− i n l a . spde2 . ma te rn ( mesh , a l p h a =2)

i s e t <− i n l a . spde . make . i n d e x ( ’ i ’ , n . spde = spde $n . spde , n . group =k )

i s e t 2 <− i n l a . spde . make . i n d e x ( ’ i ’ , n . spde =nrow ( x y a l l ) / 12 , n . group =k )

A<− i n l a . spde . make .A( mesh , l o c = c b i n d ( o l d d f $V1 , o l d d f $V2 , o l d d f $V3 ) , group =

o l d d f $ t ime )

s t k <− i n l a . s t a c k ( d a t a = l i s t ( y= o l d d f $y ) ,A= l i s t (A, 1 , 1 , 1 , 1 , 1 ) , t a g = ’ d a t ’ ,

e f f e c t s = l i s t ( i = i s e t , lum= o l d d f $lum , t t = o l d d f $ t t , g r e g =

o l d d f $ greg , a l t = o l d d f $ a l t , b0= r e p ( 1 , l e n g t h ( o l d d f $y ) ) )

)

s t k . mesh <− i n l a . s t a c k ( d a t a = l i s t ( y=NA) , t a g = ’ mesh ’ ,A= l i s t ( 1 , 1 , 1 , 1 , 1 , 1 ) ,

# s t a c k 2 <− i n l a . s t a c k ( s t k , s t k . mesh ) ,

e f f e c t s = l i s t ( i = i s e t 2 , lum= x y a l l $lum , t t = x y a l l $ t t ,

g r e g = x y a l l $ greg , a l t = x y a l l $ a l t , b0= r e p ( 1 , l e n g t h (

i s e t 2 $ i ) ) ) )

i d x . mesh <− i n l a . s t a c k . i n d e x ( s t k . mesh , t a g = ’ mesh ’ ) $ d a t a

# i d x . d a t <− i n l a . s t a c k . i n d e x ( s t k , t a g = ’ da t ’ ) $ d a t a

# and them use ’ i d x . mesh ’ t o c o l l e c t a s

# random f i e l d i s ok b u t t h e f i t t e d v a l u e s do n o t

work ! So s t r a n g e ! ! !

lowprob<−as . d a t a . f rame ( b i n o m i a l ( l i n k = ’ l o g i t ’ ) $ l i n k i n v ( r e s f i n a l $summary .

l i n e a r . p r e d i c t o r [ i d x . mesh , " 0 .025 q u a n t " ] ) )

h i g h p r o b<−as . d a t a . f rame ( b i n o m i a l ( l i n k = ’ l o g i t ’ ) $ l i n k i n v ( r e s f i n a l $summary .

l i n e a r . p r e d i c t o r [ i d x . mesh , ’ 0 .975 q u a n t ’ ] ) )

lowprob $ group<−x y a l l $ t ime

names ( lowprob )<−c ( " prob " , " group " )

h i g h p r o b $ group<−x y a l l $ t ime

names ( h i g h p r o b )<−c ( " prob " , " group " )

bdq25prob<− l i s t ( )

bdq975prob<− l i s t ( )

f o r ( j i n 1 : k ) {

bdq25prob [ [ j ] ]<−lowprob $ prob [ lowprob $ group == j ]

bdq975prob [ [ j ] ]<−h i g h p r o b $ prob [ h i g h p r o b $ group == j ]
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bdq25prob [ [ j ] ]<− i n l a . mesh . p r o j e c t ( p r o j , bdq25prob [ [ j ] ] ) # a d a p t t o t h e

s e l e c t e d model

bdq25prob [ [ j ] ] [ ! i n s ]<−NA

bdq975prob [ [ j ] ]<− i n l a . mesh . p r o j e c t ( p r o j , bdq975prob [ [ j ] ] ) # a d a p t t o t h e

s e l e c t e d model

bdq975prob [ [ j ] ] [ ! i n s ]<−NA

}

# p l o t l e t h a l h o t s p o t s y e a r a f t e r y e a r ( w i th c o u n t r y b o r d e r s )

# d e f i n e v a l u e s f o r h o t s p o t

H<−0 . 5

maxH<−max ( u n l i s t ( bdq25prob ) , na . rm=TRUE)

r e q u i r e ( f i e l d s )

l i b r a r y ( " c o l o r s p a c e " )

b r e a k s<−seq (H, maxH , by = 0 . 0 1 )

n<− l e n g t h ( b r e a k s )−1

# rm ( i ) # check

# p l o t . new ( )

# image . p l o t ( p r o j $x , p r o j $y , bdq25prob [ [ 2 ] ] ,

# x l a b = " " , y l a b = " " , main =""

# )

# p l o t ( c o u n t r y , y a x t = " n " , add=TRUE)

f o r ( i i n 1 : 1 2 ) {

mypath<−p a s t e ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews /

PhD / r e v i s i o n / r e v i s e d P h D t h e s i s / C h a p t e r 6 / F i g s / R a s t e r / h o t s p o t " , i , " . png

" , sep =" " )

png ( f i l e =mypath )

p a r ( cex = 1 . 4 , cex . l a b = 0 . 7 ) #mar : c ( bottom , l e f t , top , r i g h t )

image . p l o t ( p r o j $x , p r o j $y , bdq25prob [ [ i ] ] ,

c o l = r e v ( h e a t _ h c l ( n , c = c ( 1 2 0 , 0 . 5 ) , l = c ( 3 0 , 90) , power =

c (1 / 10 , 3 ) ) ) ,

x l a b =" " , y l a b =" " , main=" " ,

x l im = c (−20 , 80) , y l im = c (−40 , 40) , z l im =c (H, maxH) ) # z l im

c r e a t e s i d e n t i c a l s c a l e

t i t l e ( main =2001+ i , l i n e = 0 . 5 , cex . main = 2 . 2 )

p l o t ( c o u n t r y , y a x t = " n " , add=TRUE)

mtex t ( " L a t i t u d e " , s i d e = 2 , l i n e = 2 . 8 , a d j =0 , cex = 1 . 4 , a t =−6.5)

mtex t ( " L o n g i t u d e " , s i d e = 1 , l i n e = 3 , a d j =0 , cex = 1 . 4 , a t =20)

dev . o f f ( )

}
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#Compute d i f f u s i o n f o r each y e a r (2003−2012) : 2002 e x c l u d e d s i n c e i t

r e q u i r e s j +1 y e a r

#However , h o t s p o t s o f l e t h a l i t y a r e i d e n t i f i e d from 2002 ( j ) t o 2012 ( k

−1) and keep on ly l o c a t i o n s wi th h o t s p o t ( w i th v a l u e t o be p u t t o 1 )

and p u t NA e l s e

h o t<− l i s t ( )

f o r ( j i n 1 : k ) {

h o t [ [ j ] ]<− i f e l s e ( bdq25prob [ [ j ] ] <H,NA, 1 ) # p u t NA everywhere e x c e p t

where t h e r e a r e h o t s p o t s ( u s e f u l f o r n e x t s t e p s )

}

r e q u i r e ( r a s t e r )

# c r e a t e v e c t o r s wi th p r o j e c t i o n v a l u e s ( x , y ) and h o t s p o t v a l u e s ( z )

h o t d f<− l i s t ( )

h o t r<− l i s t ( )

f o r ( j i n 1 : k ) {

h o t d f [ [ j ] ] = l i s t ( )

h o t d f [ [ j ] ] $x= p r o j $x# l o n g i t u d e

h o t d f [ [ j ] ] $y= p r o j $y# l a t i t u d e

h o t d f [ [ j ] ] $ z= h o t [ [ j ] ]

# c o n v e r t v e c t o r s t o r a s t e r

h o t r [ [ j ] ] = r a s t e r ( h o t d f [ [ j ] ] )

}

# c r e a t e d a t a f r a m e from r a s t e r

h o t s p o t d f = l i s t ( )

f o r ( j i n 1 : k ) {

h o t s p o t d f [ [ j ] ] = as . d a t a . f rame ( h o t r [ [ j ] ] , xy=TRUE) # add xy o p t i o n t o e x t r a c t

l o n and l a t

names ( h o t s p o t d f [ [ j ] ] ) <−c ( " l o n " , " l a t " , " h o t " )

}

# d e l e t e h o t p s o t v a l u e s i f NA

f o r ( j i n 1 : k ) {

h o t s p o t d f [ [ j ] ] = h o t s p o t d f [ [ j ] ] [ c o m p l e t e . c a s e s ( h o t s p o t d f [ [ j ] ] ) , ]

}

# i d e n f i y l o c a t i o n s o f h o t s p o t s c e l l s ( c e l l number o f h o t s p o t s )

h o t l o c<− l i s t ( )

f o r ( j i n 1 : k ) {

h o t l o c [ [ j ] ]<−which ( ! i s . na ( v a l u e s ( h o t r [ [ j ] ] ) ) )

}
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#NEIGHBOURHOOD: OPTIONAL CHOICE OF THE WAY NEIGHBOURHOOD IS DEFINED

# i d e n t i f y t h e n e i g h b o u r s o f h o t s p o t s f o r each j t ime p e r i o d

#we chose b u f f e r o f approx . 100 km a t t h e e q u a t o r ( c o u l d be a d j u s t e d )

# c r e a t e po lygon of h o t s p o t s from r a s t e r c e l l s

h o t r p o l y<− l i s t ( )

f o r ( j i n 1 : k ) {

h o t r p o l y [ [ j ] ]<− r a s t e r T o P o l y g o n s ( h o t r [ [ j ] ] , fun =NULL, n =8 , na . rm=TRUE,

d i g i t s =5 , d i s s o l v e =TRUE)

h o t r p o l y [ [ j ] ]<−u n i o n S p a t i a l P o l y g o n s ( h o t r p o l y [ [ j ] ] , r e p ( 1 , l e n g t h (

h o t r p o l y [ [ j ] ] ) ) ) # p u t a d j a c e n t p o l y g o n s t o g e t h e r

h o t r p o l y [ [ j ] ]<−d i s a g g r e g a t e ( h o t r p o l y [ [ j ] ] ) # d i s a g g r e g a t e i n t o m u l t i p l e

p o l y go n s

}

#some v i s u a l c h e c k s

# p l o t ( h o t r p o l y [ [ 1 1 ] ] , c o l =" r e d " , x l im =c ( 2 5 , 4 5 ) , y l im =c ( 3 0 , 4 0 ) )

# p l o t ( c o u n t r y , add=TRUE)

# C r e a t e b u f f e r

r e q u i r e ( r g e o s )

h o t b u f f<− l i s t ( )

h o t a d j<− l i s t ( )

d i f f n e t <− l i s t ( ) # t h e f i n a l r e s u l t c l i p p e d w i t h i n s t u d y a r e a ( i f o p t i o n

below n o t done )

f o r ( j i n 1 : k ) {

h o t b u f f [ [ j ] ]<−g B u f f e r ( h o t r p o l y [ [ j ] ] , by id =FALSE , i d =NULL, wid th = 0 . 9 ,

q u a d s e g s =5 , c a p S t y l e ="ROUND" , j o i n S t y l e ="ROUND" )

h o t b u f f [ [ j ] ]<−g D i f f e r e n c e ( h o t b u f f [ [ j ] ] , h o t r p o l y [ [ j ] ] )

p r o j 4 s t r i n g ( h o t b u f f [ [ j ] ] ) <−CRS( p r o j 4 s t r i n g ( s t u d y a r e a ) ) # g i v e s r e f e r e n c e

h o t a d j [ [ j ] ]<− g I n t e r s e c t i o n ( h o t b u f f [ [ j ] ] , s t u d y a r e a )

h o t a d j [ [ j ] ]<−d i s a g g r e g a t e ( h o t a d j [ [ j ] ] ) # from one t o m u l t i p l e p o l y g o n s

d i f f n e t [ [ j ] ]<−h o t a d j [ [ j ] ]

}

#OPTIONAL : d e l e t e t o o s m a l l po lygon ( h e r e we keep p o l g y o n s on ly i f t h e

a r e a =0 .5 ( same as PRIO−Grid ) )

# t a u<−0 . 2 5 # ( 0 . 5 c o r r e s p o n d s t o PRIO−g r i d c e l l a r e a )

# a r e a s<− l i s t ( )

# maxareas<− l i s t ( )

# i n d e x a r e a<− l i s t ( )

# f o r ( j i n 1 : k ) {
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# # c a l c u l a t e a r e a s o f a l l p o l y g on s i n c l u d e d i n h o t s p o t s ne ighbour hood

f o r each y e a r

# a r e a s [ [ j ] ]<− s a p p l y ( s l o t ( h o t a d j [ [ j ] ] , " p o l yg o n s " ) , f u n c t i o n ( x ) s a p p l y (

s l o t ( x , " Po lygons " ) , s l o t , " a r e a " ) )

# a r e a s [ [ j ] ]<− gArea ( h o t a d j [ [ j ] ] , by id =TRUE)

# maxareas [ [ j ] ]<−s a p p l y ( a r e a s [ [ j ] ] , max ) # i n c a s e o f p o s s i b l e d i v i d e d

p o l y g on s keep t h e one wi th h i g h e s t a r e a ( i s r e q u i r e d f o r f o l l o w i n g

s t e p s )

# i n d e x a r e a [ [ j ] ]<− which ( maxareas [ [ j ] ] > t a u )

# }

# #

# # # keep polygon wi th a rea > t a u

# d i f f n e t <− l i s t ( )

# f o r ( j i n 1 : k ) {# l e n g t h r p o s idem rne g . . .

# d i f f n e t [ [ j ] ]<−h o t a d j [ [ j ] ] [ i n d e x a r e a [ [ j ] ] , ] # keep polygon wi th a rea >

t a u

# }

# d e l e t e t h e f i r s t y e a r b e c a u s e we look a t d i f f u s i o n from 2003 t o 2013 .

Indeed , a d i f f u s i o n from 2002 t o 2003 i s l a b e l l e d ’ 2 0 0 3 ’ .

d i f f n e t [ [ 1 ] ] <− NULL

# #some c h e c k s

# p l o t . new ( )

# p l o t ( h o t a d j [ [ 2 ] ] , c o l =" ye l l o w " , x l im =c ( 0 , 2 0 ) , y l im =c ( 3 0 , 4 5 ) ) # y e a r 2003

# p l o t ( d i f f n e t [ [ 1 ] ] , c o l =" r e d " , add=TRUE) # y e a r 2003

# p l o t ( s t u d y a r e a , add=TRUE)

#END NEIGHBOURHOOD CHOICE

# c o u n t nb . o f h o t s p o t s ( from t h e model , i n c l u d i n g t r u e and n o t t r u e

h o s t s p o t s )

nbho t<− l i s t ( )

f o r ( j i n 1 : 1 1 ) {

nbho t [ [ j ] ]<− l e n g t h ( d i s a g g r e g a t e ( d i f f n e t [ [ j ] ] ) ) }

Reduce ( "+" , nbho t ) #nb . o f h o t s p o t s 169

# c r e a t e d a t a f r a m e wi th p r o j e c t i o n v a l u e s ( x , y ) and l e t h a l p r o b a b i l i t y

v a l u e s ( z ) f o r lower and h i g h e r bounds o f CI .

p rob lowdf<− l i s t ( )

p r o b l o w r<− l i s t ( )

f o r ( j i n 1 : k ) {

p rob lowdf [ [ j ] ] = l i s t ( )
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prob lowdf [ [ j ] ] $x= p r o j $x

p rob lowdf [ [ j ] ] $y= p r o j $y

p rob lowdf [ [ j ] ] $ z=bdq25prob [ [ j ] ] # u s i n g lower bound CI o f p r o b a b i l i t y o f

l e t h a l a t t a c k

# c o n v e r t d a t a f r a m e t o r a s t e r

p r o b l o w r [ [ j ] ]<− r a s t e r ( p rob lowdf [ [ j ] ] )

p r o j 4 s t r i n g ( p r o b l o w r [ [ j ] ] ) <−CRS( p r o j 4 s t r i n g ( s t u d y a r e a ) ) # r e q u i r e d

}

p r o b h i g h d f<− l i s t ( )

p r o b h i g h r<− l i s t ( )

f o r ( j i n 1 : k ) {

p r o b h i g h d f [ [ j ] ] = l i s t ( )

p r o b h i g h d f [ [ j ] ] $x= p r o j $x

p r o b h i g h d f [ [ j ] ] $y= p r o j $y

p r o b h i g h d f [ [ j ] ] $ z=bdq975prob [ [ j ] ] # u s i n g lower bound CI o f p r o b a b i l i t y

o f l e t h a l a t t a c k

# c o n v e r t d a t a f r a m e t o r a s t e r

p r o b h i g h r [ [ j ] ]<− r a s t e r ( p r o b h i g h d f [ [ j ] ] )

p r o j 4 s t r i n g ( p r o b h i g h r [ [ j ] ] ) <−CRS( p r o j 4 s t r i n g ( s t u d y a r e a ) ) # r e q u i r e d

}

# e x t r a c t d e l t a p r o b a b i l i t y o f l e t h a l a t t a c k a t t ime j and j +1 f o r

a d a c e n t c e l l s t o h o t s p o t s

# d e f i n e kappa ( t h r e s h o l d ) f o r e n l a r g i n g CI ( min 0 t o max 1) t o compute

s i g n i f c a n t d i f f e r e n c e s between CI i n t and t −1

# kappa i s be tween ] 0 ; 1 ] . Va lues c l o s e t o 0 i n d i c a t e h igh o v e r l a p between

CI and v a l u e s c l o s e t o 1 i n d i c a t e low o v e r l a p ( more r e s t r i c t i v e )

kappa<−0 . 7 5 # ( 0 . 7 5 : i n d i c a t e t h a t we t o l e r a t e an o v e r l a p o f CI wi th 75%

of t h e r e l a t e d v a l u e )

# f o r p o s i t i v e d i f f u s i o n : low p ( t +1)−kappa * h igh p ( t ) >0

# f o r n e g a t i v e d i f f u s i o n : h igh p ( t +1)−kappa * low p ( t ) <0

#OPTION : WE EXTRACT min and max of prob . v a l u e s w i t h i n a d j a c e n t p o l y g o n s

o f h o t s p o t s . I f t h e r e i s a t l e a s t one d i f f u s i o n o r n e g a t i v e d i f f u s i o n

w i t h i n t h e polygon , we i d e n t i f y i t . Th i s i s done by u s i n g min and

max of t h e CI lower and h i g h e r bounds .

d i f f p o s<− l i s t ( )

d i f f n e g<− l i s t ( )

f o r ( j i n 1 : ( k−1) ) { # d i f f n e t s t a r t s i n 2003 ( j : 1 t o 11)
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d i f f p o s [ [ j ] ]<− e x t r a c t ( p r o b l o w r [ [ j + 1 ] ] , d i f f n e t [ [ j ] ] , fun =max , na . rm=TRUE)−
e x t r a c t ( kappa * p r o b h i g h r [ [ j ] ] , d i f f n e t [ [ j ] ] , fun =min , na . rm=TRUE)

d i f f n e g [ [ j ] ]<− e x t r a c t ( kappa * p r o b h i g h r [ [ j + 1 ] ] , d i f f n e t [ [ j ] ] , fun =min , na . rm=

TRUE)−e x t r a c t ( p r o b l o w r [ [ j ] ] , d i f f n e t [ [ j ] ] , fun =max , na . rm=TRUE)

}

# p u t t h e r e s u l t a s d a t a f r a m e

d i f f p o s d f<− l i s t ( )

d i f f n e g d f<− l i s t ( )

f o r ( j i n 1 : ( k−1) ) { # s t a r t s i n 2003 ( j : 1 t o 11)

d i f f p o s d f [ [ j ] ]<−as . d a t a . f rame ( d i f f p o s [ [ j ] ] )

d i f f n e g d f [ [ j ] ]<−as . d a t a . f rame ( d i f f n e g [ [ j ] ] )

}

# c r e a t e ID column f o r each df ( i n o r d e r t o merge d a t a f r a m e )

f o r ( j i n 1 : ( k−1) ) {

d i f f p o s d f [ [ j ] ] $ID<−1 : nrow ( d i f f p o s d f [ [ j ] ] )

d i f f n e g d f [ [ j ] ] $ID<−1 : nrow ( d i f f n e g d f [ [ j ] ] )

names ( d i f f p o s d f [ [ j ] ] ) <− c ( " d i f f p o s " , " ID " )

names ( d i f f n e g d f [ [ j ] ] ) <− c ( " d i f f n e g " , " ID " )

}

# c r e a t e s p a t i a l po ly d f from s p a t i a l p o l y g o n s .

d i f f n e t d f <− l i s t ( )

f o r ( j i n 1 : ( k−1) ) {

d i f f n e t d f [ [ j ] ]<−S p a t i a l P o l y g o n s D a t a F r a m e ( d i f f n e t [ [ j ] ] , d a t a . f rame (N =

1 : l e n g t h ( d i f f n e t [ [ j ] ] ) , row . names = 1 : l e n g t h ( d i f f n e t [ [ j ] ] ) ) )

}

# p u t d i f f u s i o n v a l u e s ( p o s i t i v e and n e g a t i v e ) i n t o sp . po ly d f s

f o r ( j i n 1 : ( k−1) ) {

d i f f n e t d f [ [ j ] ] @data <− d a t a . f rame ( d i f f n e t d f [ [ j ] ] @data , d i f f p o s d f [ [ j ] ] [

match ( d i f f n e t d f [ [ j ] ] @data [ , ’N’ ] , d i f f p o s d f [ [ j ] ] [ , ’ ID ’ ] ) , ] ) #N i s name

of v a r i a b l e o f s p d f and ID name of v a r i a b l e o f d f which a r e t h e

common v a r i a b l e on which t h e merge i s e x e c u t e d .

}

f o r ( j i n 1 : ( k−1) ) {

d i f f n e t d f [ [ j ] ] @data <− d a t a . f rame ( d i f f n e t d f [ [ j ] ] @data , d i f f n e g d f [ [ j ] ] [

match ( d i f f n e t d f [ [ j ] ] @data [ , ’N’ ] , d i f f n e g d f [ [ j ] ] [ , ’ ID ’ ] ) , ] ) #N i s name

of v a r i a b l e o f s p d f and ID name of v a r i a b l e o f d f which a r e t h e

common v a r i a b l e on which t h e merge i s e x e c u t e d .

}

# p l o t a n n u a l d i f f u s i o n

# c o l o r d e f i n i t i o n
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c o l d i f f p o s<− l i s t ( )

f o r ( j i n 1 : ( k−1) ) { c o l d i f f p o s [ [ j ] ]<− d i f f n e t d f [ [ j ] ] @data$ d i f f p o s

}

m i n d i f f p o s<−0

m a x d i f f p o s<−max ( s a p p l y ( c o l d i f f p o s , max , na . rm=TRUE) )

b r e a k s<−seq ( m i n d i f f p o s , maxd i f fpos , by = 0 . 0 0 2 )

n<− l e n g t h ( b r e a k s )−1

c o l d i f f n e g<− l i s t ( )

f o r ( j i n 1 : ( k−1) ) { c o l d i f f n e g [ [ j ] ]<− d i f f n e t d f [ [ j ] ] @data$ d i f f n e g

}

m a x d i f f n e g<−0

m i n d i f f n e g<−min ( s a p p l y ( c o l d i f f n e g , min , na . rm=TRUE) )

b r e a k s<−seq ( m i n d i f f n e g , maxdi f fneg , by = 0 . 0 0 2 )

n<− l e n g t h ( b r e a k s )−1

# p l o t a n n u a l d i f f u s i o n

dev . o f f ( )

p l o t . new ( )

# r e s t r i c t e d l a t and l o n : x l im = c (−20 , 60) , y l im = c (−40 , 40) ,# A f r i c a

and Middle E a s t f o r b e t t e r v i s u a l i s a t i o n

d i f f n e t c r o p<− l i s t ( )

f o r ( j i n 1 : ( k−1) ) { d i f f n e t c r o p [ [ j ] ] <− c rop ( d i f f n e t d f [ [ j ] ] , e x t e n t (−20 ,

80 , −40, 40) ) }

p l o t . new ( )

f o r ( j i n 1 : ( k−1) ) {

mypath= p a s t e ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD

/ r e v i s i o n / r e v i s e d P h D t h e s i s / C h a p t e r 6 / F i g s / R a s t e r / d i f f u s i o n " , j , " . png "

, sep =" " )

png ( f i l e =mypath )

p a r ( cex = 1 . 4 , cex . l a b = 0 . 7 )

p l o t ( d i f f n e t c r o p [ [ j ] ] , x l im =c ( −20 ,80) , y l im =c ( −40 ,40) ,

c o l = i f e l s e ( d i f f n e t c r o p [ [ j ] ] @data$ d i f f p o s >0 & d i f f n e t c r o p [ [ j ] ]

@data$ d i f f n e g >=0 , " r e d " , i f e l s e ( d i f f n e t c r o p [ [ j ] ] @data$ d i f f n e g <0

& d i f f n e t c r o p [ [ j ] ] @data$ d i f f p o s <=0 , " b l u e " , " g rey25 " ) ) , main=" "

, x l a b =" " , y l a b =" " , a xes =F )

box ( )

a x i s ( 1 , c o l . a x i s =" b l a c k " , a t = seq ( −20 ,80 , by =20) , l a b e l s = seq ( −20 ,80 , by =20)

, l a s =2)
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a x i s ( 2 , c o l . a x i s =" b l a c k " , a t = seq ( −40 ,40 , by =20) , l a b e l s = seq ( −40 ,40 , by

=20) , l a s =0) #

p l o t ( c o u n t r y , add=TRUE)

t i t l e ( main =2002+ j , l i n e = 0 . 5 , cex . main = 1 . 5 )

mtex t ( " L a t i t u d e " , s i d e = 2 , l i n e = 2 , a d j =0 , cex = 1 . 4 , a t =−7.5)

mtex t ( " L o n g i t u d e " , s i d e = 1 , l i n e = 2 , a d j =0 , cex = 1 . 4 , a t =20)

l e g e n d ( " b o t t o m l e f t " , t i t l e =" " , i n s e t = . 0 0 5 , cex =1 , b t y =" n " ,

c ( " d i f f u s i o n " , " d i s s i p a t i o n " , " n o t s i g n i f i c a n t " ) , f i l l =c ( " r e d " , "

b l u e " , " g rey25 " ) )

dev . o f f ( ) ; dev . o f f ( )

}

# E s c a l a t i o n ( change i n t e r r o r i s m i n t e n s i t y w i t h i n h o t s p o t ( a t t h e c e l l

l e v e l ) )

# a n n u a l e s c a l a t i o n

# e x t r a c t d e l t a p r o b a b i l i t y o f l e t h a l a t t a c k a t t ime j and j +1 w i t h i n

h o t s p o t s

# d e f i n e kappa ( t h r e s h o l d ) f o r e n l a r g i n g CI ( min 0 t o max 1) t o compute

s i g n i f c a n t d i f f e r e n c e s between CI i n t and t −1

kappa<−0 . 7 5 # ( 0 . 7 5 : i n d i c a t e t h a t we t o l e r a t e an o v e r l a p o f CI wi th 75%

of t h e r e l a t e d v a l u e )

# f o r p o s i t i v e e s c a l a t i o n : low p ( t +1)−kappa * h igh p ( t ) >0

# f o r n e g a t i v e e s c a l a t i o n : h igh p ( t +1)−kappa * low p ( t ) <0

r e q u i r e ( r a s t e r )

e s c p o s<− l i s t ( )

e s c ne g<− l i s t ( )

f o r ( j i n 1 : ( k−1) ) {

e s c p o s [ [ j ] ]<− e x t r a c t ( p r o b l o w r [ [ j + 1 ] ] , h o t l o c [ [ j ] ] )−e x t r a c t ( kappa *
p r o b h i g h r [ [ j ] ] , h o t l o c [ [ j ] ] )

e s c ne g [ [ j ] ]<− e x t r a c t ( kappa * p r o b h i g h r [ [ j + 1 ] ] , h o t l o c [ [ j ] ] )−e x t r a c t (

p r o b l o w r [ [ j ] ] , h o t l o c [ [ j ] ] )

}

# j o i n e s c a l a t i o n v a l u e s wi th c e l l number o f h o t s p o t s c e l l s

# c r e a t e d a t a f r a m e wi th p r o j e c t i o n v a l u e s ( x , y ) and l e t h a l p r o b a b i l i t y

v a l u e s ( z )

e s c d f<− l i s t ( )

f o r ( j i n 1 : ( k−1) ) {

e s c d f [ [ j ] ]<−as . d a t a . f rame ( c b i n d ( e s c p o s [ [ j ] ] , e s c n e g [ [ j ] ] , h o t l o c [ [ j ] ] ) )

}
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# e x t r a c t r a s t e r c e l l s w i th v a l u e s o f prob of l e t h a l a t t h e l o c a t i o n o f

h o t s p o t c e l l s

#Done f o r each y e a r from 2002 t o 2013

e sc xy z<− l i s t ( )

f o r ( j i n 1 : k ) {

e sc xy z [ [ j ] ]<−xyFromCel l ( p r o b h i g h r [ [ j ] ] , h o t l o c [ [ j ] ] )

}

#Add xy l o c a t i o n and d e l t a v a l u e s from j t o k−1 t o t h e d a t a f r a m e f o r eac

j y e a r . Note t h a t d e l t a have 11 v a l u e s ( k−1) , no v a l u e s c a l c u l a t e d

f o r t ime k ( 2 0 1 3 )

#Done f o r each y e a r from 2003 t o 2012

f o r ( j i n 1 : ( k−1) ) {

e s c d f [ [ j ] ]<−c b i n d ( e s c d f [ [ j ] ] , e s c xy z [ [ j ] ] )

}

#Rename v a r i a b l e s i n d a t a f r a m e : p o s i t i v e , n e g a t i v e e s c a l a t i o n , c e l l

number , l o n g i t u d e , and l a t i t u d e ,

f o r ( j i n 1 : ( k−1) ) {

co lnames ( e s c d f [ [ j ] ] ) <− c ( " p o s e s c " , " ne ge s c " , " ce l lnum " , " l o n " , " l a t " )

}

# d e l e t e e s c d f o b s e r v a t i o n s i f NA i s p r e s e n t ( i f no e s c v a l u e s a r e

p r o v i d e d . For example , when a d j a c e n t c e l l l i e i n ocean )

f o r ( j i n 1 : ( k−1) ) {

e s c d f [ [ j ] ] = e s c d f [ [ j ] ] [ c o m p l e t e . c a s e s ( e s c d f [ [ j ] ] ) , ]

}

# E s c a l a t i o n

# c r e a t e s p a t i a l p o i n t s d a t a f r a m e from e s c d f d a t a f r a m e

c o o r e s c<− l i s t ( )

e s c p t<− l i s t ( )

f o r ( i i n 1 : ( k−1) )

{

# e s c a l a t i o n d a t a

c o o r e s c [ [ i ] ]<−c b i n d ( e s c d f [ [ i ] ] $ lon , e s c d f [ [ i ] ] $ l a t )

e s c p t [ [ i ] ]<−S p a t i a l P o i n t s D a t a F r a m e ( c o o r e s c [ [ i ] ] , e s c d f [ [ i ] ] , p r o j 4 s t r i n g =

CRS( "+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+ e l l p s =WGS84" ) )

e s c p t [ [ i ] ]<−e s c p t [ [ i ] ] [ s t u d y a r e a , ] # problem ! ! ! !CRS

e s c p t [ [ i ] ]<−remove . d u p l i c a t e s ( e s c p t [ [ i ] ] )

}
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# p l o t a n n u a l e s c a l a t i o n

# c o l o r d e f i n i t i o n

c o l e s c p o s<− l i s t ( )

f o r ( j i n 1 : ( k−1) ) { c o l e s c p o s [ [ j ] ]<−e s c p t [ [ j ] ] $ p o s e s c }

minescpos<−0

maxescpos<−max ( s a p p l y ( c o l e s c p o s , max , na . rm=TRUE) )

b r e a k s<−seq ( minescpos , maxescpos , by = 0 . 0 0 2 )

n<− l e n g t h ( b r e a k s )−1

c o l e s c n e g<− l i s t ( )

f o r ( j i n 1 : ( k−1) ) { c o l e s c n e g [ [ j ] ]<−e s c p t [ [ j ] ] $ n e g e s c }

maxescneg<−0

minescneg<−min ( s a p p l y ( c o l e s c n e g , min , na . rm=TRUE) )

b r e a k s<−seq ( minescneg , maxescneg , by = 0 . 0 0 2 )

n<− l e n g t h ( b r e a k s )−1

# p l o t a n n u a l e s c a l a t i o n

p l o t . new ( )

dev . o f f ( )

f o r ( j i n 1 : ( k−1) )

{

mypath= p a s t e ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD

/ r e v i s i o n / r e v i s e d P h D t h e s i s / C h a p t e r 6 / F i g s / R a s t e r / e s c a l a t i o n " , j , " . png

" , sep =" " )

png ( f i l e =mypath )

p a r ( cex = 1 . 4 , cex . l a b = 0 . 7 )

p l o t ( e s c p t [ [ j ] ] $ lon , e s c p t [ [ j ] ] $ l a t , pch =15 , cex = 0 . 4 , c o l ="NA" , main=" "

, x l im = c (−20 , 80) , y l im = c (−40 , 40) ,

x l a b =" " , y l a b =" " )

p o i n t s ( e s c p t [ [ j ] ] $ lon , e s c p t [ [ j ] ] $ l a t , pch =15 , cex = 0 . 2 , c o l = i f e l s e ( e s c p t [ [

j ] ] $ posesc >0 , " r e d " , i f e l s e ( e s c p t [ [ j ] ] $ negesc <0 , " b l u e " , "NA" ) ) )

p l o t ( c o u n t r y , add=TRUE)

t i t l e ( main =2002+ j , l i n e = 0 . 5 , cex . main = 1 . 5 )

mtex t ( " L a t i t u d e " , s i d e = 2 , l i n e = 1 . 9 , a d j =0 , cex = 1 . 4 , a t =−7.5)

mtex t ( " L o n g i t u d e " , s i d e = 1 , l i n e = 1 . 9 , a d j =0 , cex = 1 . 4 , a t =20)

l e g e n d ( " b o t t o m l e f t " , t i t l e =" " , i n s e t = . 0 0 5 , cex =1 , b t y =" n " ,

c ( " e s c a l a t i o n " , " de−e s c a l a t i o n " ) , f i l l =c ( " r e d " , " b l u e " ) )

dev . o f f ( )

}
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# Not r e p o r t e d : g l o b a l e s c a l a t i o n from 2002 t o 2013 : E= ( p_{2013}−p_{

j2002 } ) , w i th j t ime i n d e x ( f o r p o s i t i v e and n e g a t i v e e s c a l a t i o n )

# t<−1 ; T<−12

# # c a l c u l a t e cumula t ed e s c a l a t i o n from 2002−2003 and p u t a s a d a t a f r a m e

wi th c o o r d i n a t e s o f h o t s p o t i n 2002

# g l o b p o s e s c<− e x t r a c t ( p r o b l o w r [ [ 1 2 ] ] , h o t l o c [ [ 1 ] ] )−e x t r a c t ( kappa *
p r o b h i g h r [ [ 1 ] ] , h o t l o c [ [ 1 ] ] )

# g l o b n e g e s c<− e x t r a c t ( kappa * p r o b h i g h r [ [ 1 2 ] ] , h o t l o c [ [ 1 ] ] )−e x t r a c t (

p r o b l o w r [ [ 1 ] ] , h o t l o c [ [ 1 ] ] )

# g l o b e s c d f<−as . d a t a . f rame ( c b i n d ( g l o b p o s e s c , g lobne ge sc , h o t l o c [ [ 1 ] ] ,

e s c xy z [ [ 1 ] ] ) )

# co lnames ( g l o b e s c d f ) <− c ( " p o s e s c " , " ne ge s c " , " ce l lnum " , " l o n " , " l a t " )

# # d e l e t e d e l t a d f o b s e r v a t i o n s i f NA i s p r e s e n t ( i f no d e l t a v a l u e s a r e

p r o v i d e d . For example , when a d j a c e n t c e l l l i e i n ocean )

# g l o b e s c d f = g l o b e s c d f [ c o m p l e t e . c a s e s ( g l o b e s c d f ) , ]

#

# # c r e a t e s p a t i a l p o i n t s d a t a f r a m e from g l o b a l e s c d f and h o t s p o t

d a t a f r a m e

# # h o t s p o t d a t a

# c o o r e s c a l<−c b i n d ( g l o b e s c d f $ lon , g l o b e s c d f $ l a t )

# g l o b e s c p t<−S p a t i a l P o i n t s D a t a F r a m e ( c o o r e s c a l , g l o b e s c d f , p r o j 4 s t r i n g =CRS

("+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+ e l l p s =WGS84" ) )

# g l o b e s c p t<−g l o b e s c p t [ s t u d y a r e a , ] # keep o b s e r v a t i o n s w i t h i n t h e s t u d y

a r e a e x c l u s i v e l y

# g l o b e s c p t<−remove . d u p l i c a t e s ( g l o b e s c p t ) # remove p o s s i b l e s p a t i a l

d u p l i c a t e s ( i f p o i n t s on same l o c a t i o n )

#

# # p l o t

# p a t h ="~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / S T b i n o m i a l t o t a l /

e s c a l a t i o n / e s c a l a t i o n 0 2 _ 1 3 . png "

# png ( f i l e = pa th , wid th =1440 , h e i g h t =720)

# p a r ( cex =2 , mar=c ( 5 . 5 , 4 . 5 , 2 . 5 , 0 . 5 ) + 0 . 1 ) #mar : c ( bottom , l e f t , top ,

r i g h t )

# p l o t ( g l o b e s c p t $ lon , g l o b e s c p t $ l a t , pch =15 , cex = 0 . 4 , c o l ="NA" , main =" Gl ob a l

e s c a l a t i o n o f l e t h a l t e r r o r i s m 2002−2013" , sub =2002+ j

# , x l im =c (−180 , 180) , y l im =c (−65 , 65) , x l a b =" l o n g i t u d e " , y l a b ="

l a t i t u d e " )

#

# p o i n t s ( g l o b e s c p t $ lon , g l o b e s c p t $ l a t , pch =15 , cex = 0 . 2 , c o l = i f e l s e ( g l o b e s c p t

$ posesc >0 ," r e d " , i f e l s e ( g l o b e s c p t $ negesc <0 , " b l u e " , "NA" ) ) )
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# # p o i n t s ( h o t p t [ [ 1 ] ] $ lon , h o t p t [ [ 1 ] ] $ l a t , pch =15 , cex = 0 . 5 , c o l =" grey25 " )

# p l o t ( c o u n t r y , add=TRUE)

# dev . o f f ( )

s ave . image ( "~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / S T b i n o m i a l t o t a l /

STbin _ d i f f u s i o n . RData " )

# l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / S T b i n o m i a l t o t a l / STbin _

d i f f u s i o n . RData " )

#END

This is the code used to define hotspots, escalation, and diffusion of the number of lethal

terrorist attacks and creates graphics for visualisation.

#SPATIO−TEMPORAL MODELLING / P o i s s o n model o f t h e number o f l e t h a l

e v e n t s wor ldwide 2002−2013

#The code used t o d e f i n e h o t s p o t s , e s c a l a t i o n , and d i f f u s i o n and t o

g e n e r a t e g r a p h i c s f o r v i s u a l i s a t i o n .

# Be f o r e r u n n i n g t h e code , t h e s e l e c t e d model s h o u l d be used .

se twd ( "~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / STpoi sson " )

rm ( l i s t = l s ( ) )

r e q u i r e ( f o r e i g n )

r e q u i r e ( sp )

l i b r a r y ( INLA )

l i b r a r y ( s p a t s t a t )

l i b r a r y ( f i e l d s )

l i b r a r y ( m a p t o o l s )

l i b r a r y ( f i e l d s )

l i b r a r y ( l a t t i c e )

r e q u i r e ( r g d a l ) # r e q u i r e d f o r b u f f e r

l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / STpoi s son / SPDE_ n b e v e n t s

_ f i n a l . RData " )

l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / STpoi s son / S T p o i t o t a l .

RData " ) # u p d a t e f i l e l o c a t i o n a c c o r d i n g t o model s e l e c t i o n

rm ( re s3 , r e s4 , r e s p r i o r ) # remove u n s e l e c t e d models

l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / S T b i n o m i a l t o t a l / L l i n p a l

. RData " ) # l o a d custom p a l e t t e

c o u n t r y<− r e a d S h a p e S p a t i a l ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n /

StAndrews / PhD / PhD_ArcGIS / World map / c o u n t r y . shp " ) # l o a d c o u n t r y b o r d e r s

wi th same c h a r a c t e r i s t i c s t h a n s t u d y a r e a ( f o r p l o t )

p r o j 4 s t r i n g ( c o u n t r y )<−CRS( "+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84

=0 ,0 ,0+ e l l p s =WGS84" )
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# p r o j e c t i o n o f t h e mesh and r e s t r i c t i o n o f a n a l y s i s i n t h e s t u d y a r e a (

ocean e x c l u d e d )

p r o j = i n l a . mesh . p r o j e c t o r ( mesh , p r o j e c t i o n = " l o n g l a t " , dims=c

( 1 4 4 0 , 7 2 0 ) ) # r e s o l u t i o n i d e n t i c a l t o PRIO−Grid

# p r o j = i n l a . mesh . p r o j e c t o r ( mesh , p r o j e c t i o n = " l o n g l a t " , dims=c ( 1 4 4 , 7 2 )

) # r e s o l u t i o n i d e n t i c a l t o PRIO−Grid

win<−as . owin ( s t u d y a r e a )

l i b r a r y ( mgcv )

e<−expand . g r i d ( p r o j $x , p r o j $y )

i n s<− i n s i d e . owin ( e [ , 1 ] , e [ , 2 ] , win )

i n s<−m a t r i x ( i n s , nrow= l e n g t h ( p r o j $y ) )

r e q u i r e ( r a s t e r )

# c r e a t e l o n l a t i n m a t r i x form

l o c 2 d<− i n l a . mesh . map ( mesh$ loc , p r o j e c t i o n = " l o n g l a t " , i n v e r s e = FALSE)

l o c 2 d<−as . d a t a . f rame ( l o c 2 d )

l o c 2 d $ p o s i t i o n<−rownames ( l o c 2 d )

xy = S p a t i a l P o i n t s ( c b i n d ( l o c 2 d [ , 1 ] , l o c 2 d [ , 2 ] ) )

xy = S p a t i a l P o i n t s D a t a F r a m e ( c b i n d ( l o c 2 d [ , 1 ] , l o c 2 d [ , 2 ] ) , l o c 2 d )

p r o j 4 s t r i n g ( xy )<−CRS( "+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84" )

#xy<−xy [ s t u d y a r e a , ]

lum02<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / l u m i n o s i t y / lum02 . t i f " )

p r o j e c t i o n ( lum02 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

# p l o t ( lum02 ) ; p l o t ( c o u n t r y , b o r d e r =" r e d " , c o l =" t r a n s p a r e n t " , add=T )

lum03<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / l u m i n o s i t y / lum03 . t i f " )

p r o j e c t i o n ( lum03 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

lum04<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / l u m i n o s i t y / lum04 . t i f " )

p r o j e c t i o n ( lum04 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

lum05<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / l u m i n o s i t y / lum05 . t i f " )

p r o j e c t i o n ( lum05 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

lum06<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / l u m i n o s i t y / lum06 . t i f " )
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p r o j e c t i o n ( lum06 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

lum07<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / l u m i n o s i t y / lum07 . t i f " )

p r o j e c t i o n ( lum07 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

lum08<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / l u m i n o s i t y / lum08 . t i f " )

p r o j e c t i o n ( lum08 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

lum09<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / l u m i n o s i t y / lum09 . t i f " )

p r o j e c t i o n ( lum09 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

lum10<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / l u m i n o s i t y / lum10 . t i f " )

p r o j e c t i o n ( lum10 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

lum11<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / l u m i n o s i t y / lum11 . t i f " )

p r o j e c t i o n ( lum11 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

lum12<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_R / l u m i n o s i t y / lum12 . t i f " )

p r o j e c t i o n ( lum12 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

lum13<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_ArcGIS / l u m i n o s i t y / F182013 . v4c _web . s t a b l e _ l i g h t s . avg _ v i s . t i f " )

p r o j e c t i o n ( lum13 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

# e x t r a c t l u m i n o s i t y v a l u e s a t l o c a t i o n s i n s p a c e and t ime d e f i n e d by GTD

space−t ime l o c a t i o n s ( t ime−consuming ! )

lum02<−as . d a t a . f rame ( lum02<− e x t r a c t ( lum02 , xy , method= ’ s i m p l e ’ ) )

lum03<−as . d a t a . f rame ( lum03<− e x t r a c t ( lum03 , xy , method= ’ s i m p l e ’ ) )

lum04<−as . d a t a . f rame ( lum04<− e x t r a c t ( lum04 , xy , method= ’ s i m p l e ’ ) )

lum05<−as . d a t a . f rame ( lum05<− e x t r a c t ( lum05 , xy , method= ’ s i m p l e ’ ) )

lum06<−as . d a t a . f rame ( lum06<− e x t r a c t ( lum06 , xy , method= ’ s i m p l e ’ ) )

lum07<−as . d a t a . f rame ( lum07<− e x t r a c t ( lum07 , xy , method= ’ s i m p l e ’ ) )

lum08<−as . d a t a . f rame ( lum08<− e x t r a c t ( lum08 , xy , method= ’ s i m p l e ’ ) )

lum09<−as . d a t a . f rame ( lum09<− e x t r a c t ( lum09 , xy , method= ’ s i m p l e ’ ) )
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lum10<−as . d a t a . f rame ( lum10<− e x t r a c t ( lum10 , xy , method= ’ s i m p l e ’ ) )

lum11<−as . d a t a . f rame ( lum11<− e x t r a c t ( lum11 , xy , method= ’ s i m p l e ’ ) )

lum12<−as . d a t a . f rame ( lum12<− e x t r a c t ( lum12 , xy , method= ’ s i m p l e ’ ) )

lum13<−as . d a t a . f rame ( lum13<− e x t r a c t ( lum13 , xy , method= ’ s i m p l e ’ ) )

# # i n t e r c a l i b r a t i o n based on Elv idge2013

# # P r o c e s s : 1 ) c a l c u l a t e : Y = C0 + C1X + C2X^2 / / 2 ) Va lues > 63 a r e

t r u n c a t e d a t 63 / / 3 ) v a l u e s = 0 s t a y z e r o .

# S a t Year C0 C1 C2

# F15 2002 0 .0491 0 .9568 0 .0010

# F15 2003 0 .2217 1 .5122 −0.0080

# F16 2004 0 .2853 1 .1955 −0.0034

# F16 2005 −0.0001 1 .4159 −0.0063

# F16 2006 0 .1065 1 .1371 −0.0016

# F16 2007 0 .6394 0 .9114 0 .0014

# F16 2008 0 .5564 0 .9931 0 .0000

# F16 2009 0 .9492 1 .0683 −0.0016

# F18 2010 2 .3430 0 .5102 0 .0065

# F18 2011 1 .8956 0 .7345 0 .0030

# F18 2012 1 .8750 0 .6203 0 .0052

f02 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 0 .0491+0 .9568 *x +0.0010 *x ^2 , 0 ) }# i f t h e

v a l u e s a r e above 0 , e x e c u t e i n t e r c a l i b r a t i o n

f03 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 0 .2217+1 .5122 *x +0.0010 *x ^2 , 0 ) }

f04 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 0 .2853+1 .1955 *x +0.0010 *x ^2 , 0 ) }

f05 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , −0.0001+1.4159 *x +0.0010 *x ^2 , 0 ) }

f06 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 0 .1065+1 .1371 *x +0.0010 *x ^2 , 0 ) }

f07 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 0 .6394+0 .9114 *x +0.0010 *x ^2 , 0 ) }

f08 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 0 .5564+0 .9931 *x +0.0010 *x ^2 , 0 ) }

f09 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 0 .9492+1 .0683 *x +0.0010 *x ^2 , 0 ) }

f10 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 2 .3430+0 .5102 *x +0.0010 *x ^2 , 0 ) }

f11 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 1 .8956+0 .7345 *x +0.0010 *x ^2 , 0 ) }

f12 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 1 .8750+0 .6203 *x +0.0010 *x ^2 , 0 ) }

f13 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 1 .8750+0 .6203 *x +0.0010 *x ^2 , 0 ) }

lum02<−as . d a t a . f rame ( s a p p l y ( lum02 , f02 ) )

lum02 [ lum02 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

lum03<−as . d a t a . f rame ( s a p p l y ( lum03 , f03 ) )

lum03 [ lum03 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

lum04<−as . d a t a . f rame ( s a p p l y ( lum04 , f04 ) )

lum04 [ lum04 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

lum05<−as . d a t a . f rame ( s a p p l y ( lum05 , f05 ) )

lum05 [ lum05 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63
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lum06<−as . d a t a . f rame ( s a p p l y ( lum06 , f06 ) )

lum06 [ lum06 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

lum07<−as . d a t a . f rame ( s a p p l y ( lum07 , f07 ) )

lum07 [ lum07 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

lum08<−as . d a t a . f rame ( s a p p l y ( lum08 , f08 ) )

lum08 [ lum08 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

lum09<−as . d a t a . f rame ( s a p p l y ( lum09 , f09 ) )

lum09 [ lum09 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

lum10<−as . d a t a . f rame ( s a p p l y ( lum10 , f10 ) )

lum10 [ lum10 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

lum11<−as . d a t a . f rame ( s a p p l y ( lum11 , f11 ) )

lum11 [ lum11 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

lum12<−as . d a t a . f rame ( s a p p l y ( lum12 , f12 ) )

lum12 [ lum12 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

lum13<−as . d a t a . f rame ( s a p p l y ( lum13 , f13 ) )

lum13 [ lum13 > 63] <− 63 # t r u n c a t e i f v a l u e s a r e h i g h e r t h a n 63

l u m l s<− l i s t ( lum02 , lum03 , lum04 , lum05 , lum06 , lum07 , lum08 , lum09 , lum10 , lum11 ,

lum12 , lum13 )

# n o r m a l i s i n g d a t a

f o r ( j i n 1 : k ) {

l u m l s [ [ j ] ] [ , 1 ] <− s c a l e ( l u m l s [ [ j ] ] [ , 1 ] )

names ( l u m l s [ [ j ] ] ) <−" lum "

}

xydf<− l i s t ( )

f o r ( j i n 1 : k ) {

xydf [ [ j ] ]<−as . d a t a . f rame ( xy )

xydf [ [ j ] ] $ t ime<−2001+ j

}

# t r a v e l t ime c o v a r i a t e ( s p a t i a l n o t t e m p o r a l )

t t i m e <− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews /

PhD / PhD_ArcGIS / t r a v e l t i m e / a c c e s s _50k / acc _50k " )

# t t i m e<−p r o j e c t R a s t e r ( t t i m e , c r s =WGS84)

# p r o j e c t i o n ( t t i m e )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

t t <− e x t r a c t ( t t i m e , xy , method= ’ s i m p l e ’ ) # e x t r a c t c o v a r i a t e v a l u e a t p o i n t

l o c a t i o n s

t t <−as . v e c t o r ( t t )

# r e p l a c e NA v a l u e s by 0

t t [ i s . na ( t t ) ] <− 0

t t <− s c a l e ( t t ) # n o r m a l i s i n g d a t a ( mean =0 , sd =1) f o r b e t t e r INLA p r o c e s s
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# A l t i t u d e c o v a r i a t e ( s p a t i a l n o t t e m p o r a l )

# s o u r c e : DEM map (ETOPO1) : h t t p s : / /www. ngdc . noaa . gov / mgg / g l o b a l / r e l i e f /

ETOPO1 / image /

a l t i t u d e <− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews

/ PhD / PhD_ArcGIS /DEM/ ETOPO1 / c o l o r _ e t opo 1 _ i c e _ f u l l . t i f " )

p r o j e c t i o n ( a l t i t u d e )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84

=0 ,0 ,0+ e l l p s =WGS84"

# e x t r a c t c o o r d i n a t e s from p o p u l a t i o n a t t h e l o c a t i o n o f t h e p o i n t s

c o o r d i n a t e s

a l t <− e x t r a c t ( a l t i t u d e , xy , method= ’ s i m p l e ’ ) # e x t r a c t c o v a r i a t e v a l u e a t

p o i n t l o c a t i o n s

a l t <−as . v e c t o r ( a l t )

# r e p l a c e NA v a l u e s by 0

a l t [ i s . na ( a l t ) ] <− 0

a l t <− s c a l e ( a l t ) # n o r m a l i s i n g d a t a ( mean =0 , sd =1) f o r b e t t e r INLA p r o c e s s

r e q u i r e ( r a s t e r )

pop00<− r a s t e r ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

PhD_ArcGIS /GPWv3/ g l d e n s 0 0 / g l d s 0 0 a g _0 add " )

p r o j e c t i o n ( pop00 )<−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+

e l l p s =WGS84"

# c r e a t e l o n l a t i n m a t r i x form

# e x t r a c t c o o r d i n a t e s from p o p u l a t i o n a t t h e l o c a t i o n o f t h e p o i n t s

c o o r d i n a t e s

# a b i l i n e a r l method + b u f f e r zone i s used i f d a t a i s n o t p r o v i d e d ( long

d u r a t i o n b u t e n s u r e no NA v a l u e s )

pop<− e x t r a c t ( pop00 , xy , method= ’ b i l i n e a r ’ ) # e x t r a c t c o v a r i a t e v a l u e a t

p o i n t l o c a t i o n s

summary ( pop ) # check i f NA:

pop<−as . v e c t o r ( pop )

# r e p l a c e NA v a l u e s by 0 : n o t do i t − t h i s may c a u s e i s s u e s i f l a r g e c i t i e s

a r e n o t p r o v i d e wi th v a l u e s and r e p l a c e d by 0 . Should be a v o i d e d by

u s i n g b i l a t e r a l + b u f f e r zone e x t r a c t .

#pop [ i s . na ( pop ) ] <− 0

pop<− s c a l e ( pop ) # n o r m a l i s i n g d a t a ( mean =0 , sd =1) f o r b e t t e r INLA p r o c e s s

p o l i t y<− r e a d . csv ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews /

PhD / PhD_R / P o l i t y I V / p4v2013 . csv " , h e a d e r = TRUE)

p o l i t y<− s u b s e t ( p o l i t y , s e l e c t =c ( " scode " , " y e a r " , " p o l i t y 2 " ) )

p o l i t y <− s u b s e t ( p o l i t y , y e a r > 2001 & y e a r < 2014) # s e l e c t i n g t h e same

t ime p e r i o d t h a n GTD

# rename y e a r a s i y e a r f o r c o m p a t i b i l i t y wi th GTD
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r e q u i r e ( r e s h a p e )

p o l i t y<−rename ( p o l i t y , c ( y e a r =" i y e a r " ) )

c o u n t r y<− r e a d S h a p e S p a t i a l ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n /

StAndrews / PhD / PhD_ArcGIS / World map / c o u n t r y . shp " ) # l o a d c o u n t r y b o r d e r s

wi th same c h a r a c t e r i s t i c s t h a n s t u d y a r e a ( f o r p l o t )

p r o j 4 s t r i n g ( c o u n t r y )<−CRS( "+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84

=0 ,0 ,0+ e l l p s =WGS84" )

c o u n t r y d f<−as . d a t a . f rame ( c o u n t r y )

p o l i t y $ t ime<− p o l i t y $ i y e a r −2001

c o u n t l s<− l i s t ( )

p o l p t<− l i s t ( )

p o l p t d f<− l i s t ( )

f o r ( j i n 1 : k ) {

c o u n t r y l s<−merge ( c o u n t r y d f , p o l i t y [ p o l i t y $ t ime == j , ] , by . x=" adm0_ a3 " , by . y

=" scode " )

c o u n t l s [ [ j ] ]<−c o u n t r y

c o u n t l s [ [ j ] ] @data = d a t a . f rame ( c o u n t l s [ [ j ] ] @data , c o u n t r y l s [ match (

c o u n t l s [ [ j ] ] @data [ , " adm0_ a3 " ] , c o u n t r y l s [ , " adm0_ a3 " ] ) , ] )

p o l p t [ [ j ] ]<−ove r ( xy , c o u n t l s [ [ j ] ] )

p o l p t d f [ [ j ] ]<−as . d a t a . f rame ( p o l p t [ [ j ] ] )

p o l p t d f [ [ j ] ]<−p o l p t d f [ [ j ] ] [ c ( " p o l i t y 2 " , " t ime " ) ]

p o l p t d f [ [ j ] ] [ , 1 ] [ i s . na ( p o l p t d f [ [ j ] ] [ , 1 ] ) ] <− 0

p o l p t d f [ [ j ] ] [ , 1 ] <− s c a l e ( p o l p t d f [ [ j ] ] [ , 1 ] )

names ( p o l p t d f [ [ j ] ] ) <−" p o l "

}

# end P o l i t y IV c o v a r i a t e ( c o u n t r y− l e v e l + t e m p o r a l )

f o r ( j i n 1 : k ) {

xydf [ [ j ] ] $ lum<− l u m l s [ [ j ] ] $ lum

xydf [ [ j ] ] $ t t <− t t

xydf [ [ j ] ] $ a l t <− a l t

xydf [ [ j ] ] $pop<− pop

xydf [ [ j ] ] $ p o l<−p o l p t d f [ [ j ] ] $ p o l

xydf [ [ j ] ] $ t ime<− xydf [ [ j ] ] $ t ime −2001

}

# c o v a r i a t e s a t t h e mesh v e r t i c e s i n 12 y e a r s

x y a l l<−do . c a l l ( " r b i n d " , xydf )

x y a l l<−x y a l l [ c ( "V1" , "V2" , " t ime " , " lum " , " t t " , " a l t " , " pop " , " p o l " ) ]

a t t r ( x y a l l $lum , " dimnames " ) <− NULL

a t t r ( x y a l l $ a l t , " dimnames " ) <− NULL

a t t r ( x y a l l $ t t , " dimnames " ) <− NULL



D.1 Definition of Hotspot, Escalation, and Diffusion Processes 331

a t t r ( x y a l l $pop , " dimnames " ) <− NULL

a t t r ( x y a l l $ pol , " dimnames " ) <− NULL

x y a l l $ lum<−as . numer ic ( x y a l l $ lum )

x y a l l $ t t <−as . numer ic ( x y a l l $ t t )

x y a l l $ a l t <−as . numer ic ( x y a l l $ a l t )

x y a l l $pop<−as . numer ic ( x y a l l $pop )

x y a l l $ p o l<−as . numer ic ( x y a l l $ p o l )

l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / STpoi s son / S T p o i t o t a l .

RData " ) # u p d a t e f i l e l o c a t i o n a c c o r d i n g t o model s e l e c t i o n

o l d d f<−as . d a t a . f rame ( c b i n d ( y , lum , t t , pop , a l t , pol , t ime , l o c ) )

names ( o l d d f )<−c ( " y " , " lum " , " t t " , " pop " , " a l t " , " p o l " , " t ime " , "V1" , "V2" , "V3" )

o l d d f<−o l d d f [ c o m p l e t e . c a s e s ( o l d d f $y ) , ]

k<−12

spde <− i n l a . spde2 . ma te rn ( mesh , a l p h a =2)

i s e t <− i n l a . spde . make . i n d e x ( ’ i ’ , n . spde = spde $n . spde , n . group =k )

i s e t 2 <− i n l a . spde . make . i n d e x ( ’ i ’ , n . spde =nrow ( x y a l l ) / 12 , n . group =k )

A<− i n l a . spde . make .A( mesh , l o c = c b i n d ( o l d d f $V1 , o l d d f $V2 , o l d d f $V3 ) , group =

o l d d f $ t ime )

s t k <− i n l a . s t a c k ( d a t a = l i s t ( y= o l d d f $y ) ,A= l i s t (A, 1 , 1 , 1 , 1 , 1 , 1 ) , t a g = ’ d a t ’ ,

e f f e c t s = l i s t ( i = i s e t , lum= o l d d f $lum , t t = o l d d f $ t t , pop=

o l d d f $pop , a l t = o l d d f $ a l t , p o l = o l d d f $ pol , b0= r e p ( 1 ,

l e n g t h ( o l d d f $y ) ) ) )

s t k . mesh <− i n l a . s t a c k ( d a t a = l i s t ( y=NA) , t a g = ’ mesh ’ ,A= l i s t ( 1 , 1 , 1 , 1 , 1 , 1 , 1 )

,

# s t a c k 2 <− i n l a . s t a c k ( s t k , s t k . mesh ) ,

e f f e c t s = l i s t ( i = i s e t 2 , lum= x y a l l $lum , t t = x y a l l $ t t ,

pop= x y a l l $pop , a l t = x y a l l $ a l t , p o l = x y a l l $ pol , b0=

r e p ( 1 , l e n g t h ( i s e t 2 $ i ) ) ) )

i d x . mesh <− i n l a . s t a c k . i n d e x ( s t k . mesh , t a g = ’ mesh ’ ) $ d a t a

lowprob<−as . d a t a . f rame ( p o i s s o n ( l i n k = ’ l o g ’ ) $ l i n k i n v ( r e s f i n a l $summary .

l i n e a r . p r e d i c t o r [ i d x . mesh , " 0 .025 q u a n t " ] ) )

h i g h p r o b<−as . d a t a . f rame ( p o i s s o n ( l i n k = ’ l o g ’ ) $ l i n k i n v ( r e s f i n a l $summary .

l i n e a r . p r e d i c t o r [ i d x . mesh , ’ 0 .975 q u a n t ’ ] ) )

lowprob $ group<−x y a l l $ t ime

names ( lowprob )<−c ( " prob " , " group " )

h i g h p r o b $ group<−x y a l l $ t ime

names ( h i g h p r o b )<−c ( " prob " , " group " )

bdq25prob<− l i s t ( )

bdq975prob<− l i s t ( )

f o r ( j i n 1 : k ) {
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bdq25prob [ [ j ] ]<−lowprob $ prob [ lowprob $ group == j ]

bdq975prob [ [ j ] ]<−h i g h p r o b $ prob [ h i g h p r o b $ group == j ]

bdq25prob [ [ j ] ]<− i n l a . mesh . p r o j e c t ( p r o j , bdq25prob [ [ j ] ] ) # a d a p t t o t h e

s e l e c t e d model

bdq25prob [ [ j ] ] [ ! i n s ]<−NA

bdq975prob [ [ j ] ]<− i n l a . mesh . p r o j e c t ( p r o j , bdq975prob [ [ j ] ] ) # a d a p t t o t h e

s e l e c t e d model

bdq975prob [ [ j ] ] [ ! i n s ]<−NA

}

# p l o t nb . l e t h a l e v e n t s h o t s p o t s y e a r a f t e r y e a r ( w i th c o u n t r y b o r d e r s )

# d e f i n e v a l u e s f o r h o t s p o t

r e q u i r e ( f i e l d s )

l i b r a r y ( " c o l o r s p a c e " )

b r e a k s<−seq (H, maxH , by = 0 . 0 1 )

n<− l e n g t h ( b r e a k s )−1

rm ( i )

p l o t . new ( )

image . p l o t ( p r o j $x , p r o j $y , l o g ( bdq25prob [ [ 2 ] ] ) ,

c o l = r e v ( h e a t _ h c l ( n , c = c ( 1 2 0 , 0 . 5 ) , l = c ( 3 0 , 90) , power = c

(1 / 10 , 5 ) ) ) ,

x l a b =" " , y l a b =" " , main=" " , x l im = c (−20 , 80) , y l im = c (−40 , 40) ,

z l im =c (H−0.5 ,maxH) ) # z l im c r e a t e s i d e n t i c a l s c a l e

p l o t ( c o u n t r y , y a x t = " n " , add=TRUE)

H<− l o g ( 5 ) # i n l o g s c a l e f o r b e t t e r v i s u a l i s a t i o n

maxH<− l o g ( max ( u n l i s t ( bdq25prob ) , na . rm=TRUE) )

r e q u i r e ( f i e l d s )

l i b r a r y ( " c o l o r s p a c e " )

b r e a k s<−seq (H, maxH , by = 0 . 1 )

n<− l e n g t h ( b r e a k s )−1

dev . o f f ( )

p l o t . new ( )

f o r ( i i n 1 : 1 2 ) {

mypath<−p a s t e ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews /

PhD / r e v i s i o n / r e v i s e d P h D t h e s i s / C h a p t e r 6 / F i g s / R a s t e r / p h o t s p o t " , i , " .

png " , sep =" " )

png ( f i l e =mypath )

p a r ( cex = 1 . 4 , cex . l a b = 0 . 7 ) #mar : c ( bottom , l e f t , top , r i g h t )

image . p l o t ( p r o j $x , p r o j $y , l o g ( bdq25prob [ [ i ] ] ) ,

c o l = r e v ( h e a t _ h c l ( n , c = c ( 1 2 0 , 0 . 5 ) , l = c ( 3 0 , 90) , power =

c (1 / 10 , 5 ) ) ) ,
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x l a b =" " , y l a b =" " , main=" " ,

x l im = c (−20 , 80) , y l im = c (−40 , 40) , z l im =c (H−0.5 ,maxH) ) #

z l im c r e a t e s i d e n t i c a l s c a l e

# s h o u l d have one more b r e a k t h a n c o l o r

t i t l e ( main =2001+ i , l i n e = 0 . 5 , cex . main = 2 . 2 )

p l o t ( c o u n t r y , y a x t = " n " , add=TRUE)

mtex t ( " L a t i t u d e " , s i d e = 2 , l i n e = 2 . 8 , a d j =0 , cex = 1 . 4 , a t =−6.5)

mtex t ( " L o n g i t u d e " , s i d e = 1 , l i n e = 3 , a d j =0 , cex = 1 . 4 , a t =20)

dev . o f f ( )

}

#Compute d i f f u s i o n f o r each y e a r (2003−2012) : 2002 e x c l u d e d s i n c e i t

r e q u i r e s j +1 y e a r

#However , h o t s p o t s o f l e t h a l i t y a r e i d e n t i f i e d from 2002 ( j ) t o 2012 ( k

−1) and keep on ly l o c a t i o n s wi th h o t s p o t ( w i th v a l u e t o be p u t t o 1 )

and p u t NA e l s e

h o t<− l i s t ( )

f o r ( j i n 1 : k ) {

h o t [ [ j ] ]<− i f e l s e ( bdq25prob [ [ j ] ] <H,NA, 1 ) # p u t NA everywhere e x c e p t

where t h e r e a r e h o t s p o t s ( u s e f u l f o r n e x t s t e p s )

}

r e q u i r e ( r a s t e r )

# c r e a t e v e c t o r s wi th p r o j e c t i o n v a l u e s ( x , y ) and h o t s p o t v a l u e s ( z )

h o t d f<− l i s t ( )

h o t r<− l i s t ( )

f o r ( j i n 1 : k ) {

h o t d f [ [ j ] ] = l i s t ( )

h o t d f [ [ j ] ] $x= p r o j $x# l o n g i t u d e

h o t d f [ [ j ] ] $y= p r o j $y# l a t i t u d e

h o t d f [ [ j ] ] $ z= h o t [ [ j ] ]

# c o n v e r t v e c t o r s t o r a s t e r

h o t r [ [ j ] ] = r a s t e r ( h o t d f [ [ j ] ] )

}

# c r e a t e d a t a f r a m e from r a s t e r

h o t s p o t d f = l i s t ( )

f o r ( j i n 1 : k ) {

h o t s p o t d f [ [ j ] ] = as . d a t a . f rame ( h o t r [ [ j ] ] , xy=TRUE) # add xy o p t i o n t o e x t r a c t

l o n and l a t

names ( h o t s p o t d f [ [ j ] ] ) <−c ( " l o n " , " l a t " , " h o t " )

}

# d e l e t e h o t p s o t v a l u e s i f NA
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f o r ( j i n 1 : k ) {

h o t s p o t d f [ [ j ] ] = h o t s p o t d f [ [ j ] ] [ c o m p l e t e . c a s e s ( h o t s p o t d f [ [ j ] ] ) , ]

}

# i d e n f i y l o c a t i o n s o f h o t s p o t s c e l l s ( c e l l number o f h o t s p o t s )

h o t l o c<− l i s t ( )

f o r ( j i n 1 : k ) {

h o t l o c [ [ j ] ]<−which ( ! i s . na ( v a l u e s ( h o t r [ [ j ] ] ) ) )

}

#NEIGHBOURHOOD: OPTIONAL CHOICE OF THE WAY NEIGHBOURHOOD IS DEFINED

# i d e n t i f y t h e n e i g h b o u r s o f h o t s p o t s f o r each j t ime p e r i o d

#we chose b u f f e r o f approx . 100 km a t t h e e q u a t o r ( c o u l d be a d j u s t e d )

# c r e a t e po lygon of h o t s p o t s from r a s t e r c e l l s

h o t r p o l y<− l i s t ( )

f o r ( j i n 1 : k ) {

h o t r p o l y [ [ j ] ]<− r a s t e r T o P o l y g o n s ( h o t r [ [ j ] ] , fun =NULL, n =16 , na . rm=TRUE,

d i g i t s =5 , d i s s o l v e =TRUE)

h o t r p o l y [ [ j ] ]<−u n i o n S p a t i a l P o l y g o n s ( h o t r p o l y [ [ j ] ] , r e p ( 1 , l e n g t h (

h o t r p o l y [ [ j ] ] ) ) ) # p u t a d j a c e n t p o l y g o n s t o g e t h e r

h o t r p o l y [ [ j ] ]<−d i s a g g r e g a t e ( h o t r p o l y [ [ j ] ] ) # d i s a g g r e g a t e i n t o m u l t i p l e

p o l y go n s

}

t a u<−0 . 2 5 # ( 0 . 2 5 c o r r e s p o n s t o PRIO−g r i d c e l l a r e a )

a r e a s<− l i s t ( )

maxareas<− l i s t ( )

i n d e x<− l i s t ( )

f o r ( j i n 1 : l e n g t h ( h o t r p o l y ) ) {

# c a l c u l a t e a r e a s o f a l l p o l y g o ns i n c l u d e d i n h o t s p o t s f o r each y e a r

a r e a s [ [ j ] ]<− s a p p l y ( s l o t ( h o t r p o l y [ [ j ] ] , " p o l yg o n s " ) , f u n c t i o n ( x )

s a p p l y ( s l o t ( x , " Po lygons " ) , s l o t , " a r e a " ) )

maxareas [ [ j ] ]<−s a p p l y ( a r e a s [ [ j ] ] , max ) # i n c a s e o f p o s s i b l e d i v i d e d

p o l y go n s keep t h e one wi th h i g h e s t a r e a ( i s r e q u i r e d f o r f o l l o w i n g

s t e p s )

i n d e x [ [ j ] ] <− which ( maxareas [ [ j ] ] > t a u ) # f i n d p o s i t i o n where a r e a > t a u

h o t r p o l y [ [ j ] ]<−h o t r p o l y [ [ j ] ] [ i n d e x [ [ j ] ] , ] # keep polygon wi th a rea > t a u

}

#some v i s u a l c h e c k s

# p l o t ( h o t r p o l y [ [ 1 ] ] , c o l =" r e d " , x l im =c ( 2 5 , 4 5 ) , y l im =c ( 3 0 , 4 0 ) )

# p l o t ( c o u n t r y , add=TRUE)

# C r e a t e b u f f e r

r e q u i r e ( r g e o s )
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h o t b u f f<− l i s t ( )

h o t a d j<− l i s t ( )

d i f f n e t <− l i s t ( ) # t h e f i n a l r e s u l t c l i p p e d w i t h i n s t u d y a r e a ( i f o p t i o n

below n o t done )

f o r ( j i n 1 : k ) {

h o t b u f f [ [ j ] ]<−g B u f f e r ( h o t r p o l y [ [ j ] ] , by id =FALSE , i d =NULL, wid th = 0 . 9 ,

q u a d s e g s =5 , c a p S t y l e ="ROUND" , j o i n S t y l e ="ROUND" )

h o t b u f f [ [ j ] ]<−g D i f f e r e n c e ( h o t b u f f [ [ j ] ] , h o t r p o l y [ [ j ] ] )

p r o j 4 s t r i n g ( h o t b u f f [ [ j ] ] ) <−CRS( p r o j 4 s t r i n g ( s t u d y a r e a ) ) # g i v e s r e f e r e n c e

h o t a d j [ [ j ] ]<− g I n t e r s e c t i o n ( h o t b u f f [ [ j ] ] , s t u d y a r e a )

h o t a d j [ [ j ] ]<−d i s a g g r e g a t e ( h o t a d j [ [ j ] ] ) # from one t o m u l t i p l e p o l y g o n s

d i f f n e t [ [ j ] ]<−h o t a d j [ [ j ] ]

}

# some c h e c k s

# p l o t . new ( )

# p l o t ( h o t a d j [ [ 1 ] ] , c o l =" ye l l o w " , x l im =c ( 0 , 2 0 ) , y l im =c ( 3 0 , 4 5 ) ) # y e a r 2003

# p l o t ( d i f f n e t [ [ 1 ] ] , c o l =" r e d " , add=TRUE) # y e a r 2003

# p l o t ( s t u d y a r e a , add=TRUE)

#END NEIGHBOURHOOD CHOICE

# c r e a t e d a t a f r a m e wi th p r o j e c t i o n v a l u e s ( x , y ) and l e t h a l p r o b a b i l i t y

v a l u e s ( z ) f o r lower and h i g h e r bounds o f CI .

p rob lowdf<− l i s t ( )

p r o b l o w r<− l i s t ( )

f o r ( j i n 1 : k ) {

p rob lowdf [ [ j ] ] = l i s t ( )

p rob lowdf [ [ j ] ] $x= p r o j $x

p rob lowdf [ [ j ] ] $y= p r o j $y

p rob lowdf [ [ j ] ] $ z=bdq25prob [ [ j ] ] # u s i n g lower bound CI o f p r o b a b i l i t y o f

l e t h a l a t t a c k

# c o n v e r t d a t a f r a m e t o r a s t e r

p r o b l o w r [ [ j ] ]<− r a s t e r ( p rob lowdf [ [ j ] ] )

p r o j 4 s t r i n g ( p r o b l o w r [ [ j ] ] ) <−CRS( p r o j 4 s t r i n g ( s t u d y a r e a ) ) # r e q u i r e d

}

p r o b h i g h d f<− l i s t ( )

p r o b h i g h r<− l i s t ( )

f o r ( j i n 1 : k ) {

p r o b h i g h d f [ [ j ] ] = l i s t ( )

p r o b h i g h d f [ [ j ] ] $x= p r o j $x

p r o b h i g h d f [ [ j ] ] $y= p r o j $y
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p r o b h i g h d f [ [ j ] ] $ z=bdq975prob [ [ j ] ] # u s i n g lower bound CI o f p r o b a b i l i t y

o f l e t h a l a t t a c k

# c o n v e r t d a t a f r a m e t o r a s t e r

p r o b h i g h r [ [ j ] ]<− r a s t e r ( p r o b h i g h d f [ [ j ] ] )

p r o j 4 s t r i n g ( p r o b h i g h r [ [ j ] ] ) <−CRS( p r o j 4 s t r i n g ( s t u d y a r e a ) ) # r e q u i r e d

}

# e x t r a c t d e l t a p r o b a b i l i t y o f l e t h a l a t t a c k a t t ime j and j +1 f o r

a d a c e n t c e l l s t o h o t s p o t s

# d e f i n e kappa ( t h r e s h o l d ) f o r e n l a r g i n g CI ( min 0 t o max 1) t o compute

s i g n i f c a n t d i f f e r e n c e s between CI i n t and t −1

# kappa i s be tween ] 0 ; 1 ] . Va lues c l o s e t o 0 i n d i c a t e h igh o v e r l a p between

CI and v a l u e s c l o s e t o 1 i n d i c a t e low o v e r l a p ( more r e s t r i c t i v e )

kappa<−0 . 7 5 # ( 0 . 7 5 : i n d i c a t e t h a t we t o l e r a t e an o v e r l a p o f CI wi th 75%

of t h e r e l a t e d v a l u e )

# f o r p o s i t i v e d i f f u s i o n : low p ( t +1)−kappa * h igh p ( t ) >0

# f o r n e g a t i v e d i f f u s i o n : h igh p ( t +1)−kappa * low p ( t ) <0

#OPTION : WE EXTRACT min and max of prob . v a l u e s w i t h i n a d j a c e n t p o l y g o n s

o f h o t s p o t s . I f t h e r e i s a t l e a s t one d i f f u s i o n o r n e g a t i v e d i f f u s i o n

w i t h i n t h e polygon , we i d e n t i f y i t . Th i s i s done by u s i n g min and

max of t h e CI lower and h i g h e r bounds .

d i f f p o s<− l i s t ( )

d i f f n e g<− l i s t ( )

f o r ( j i n 1 : ( k−1) ) { # d i f f n e t s t a r t s i n 2003 ( j : 1 t o 11)

d i f f p o s [ [ j ] ]<− e x t r a c t ( p r o b l o w r [ [ j + 1 ] ] , d i f f n e t [ [ j ] ] , fun =max , na . rm=TRUE)−
e x t r a c t ( kappa * p r o b h i g h r [ [ j ] ] , d i f f n e t [ [ j ] ] , fun =min , na . rm=TRUE)

d i f f n e g [ [ j ] ]<− e x t r a c t ( kappa * p r o b h i g h r [ [ j + 1 ] ] , d i f f n e t [ [ j ] ] , fun =min , na . rm=

TRUE)−e x t r a c t ( p r o b l o w r [ [ j ] ] , d i f f n e t [ [ j ] ] , fun =max , na . rm=TRUE)

}

# p u t t h e r e s u l t a s d a t a f r a m e

d i f f p o s d f<− l i s t ( )

d i f f n e g d f<− l i s t ( )

f o r ( j i n 1 : ( k−1) ) { # s t a r t s i n 2003 ( j : 1 t o 11)

d i f f p o s d f [ [ j ] ]<−as . d a t a . f rame ( d i f f p o s [ [ j ] ] )

d i f f n e g d f [ [ j ] ]<−as . d a t a . f rame ( d i f f n e g [ [ j ] ] )

}

# c r e a t e ID column f o r each df ( i n o r d e r t o merge d a t a f r a m e )

f o r ( j i n 1 : ( k−1) ) {

d i f f p o s d f [ [ j ] ] $ID<−1 : nrow ( d i f f p o s d f [ [ j ] ] )

d i f f n e g d f [ [ j ] ] $ID<−1 : nrow ( d i f f n e g d f [ [ j ] ] )

names ( d i f f p o s d f [ [ j ] ] ) <− c ( " d i f f p o s " , " ID " )



D.1 Definition of Hotspot, Escalation, and Diffusion Processes 337

names ( d i f f n e g d f [ [ j ] ] ) <− c ( " d i f f n e g " , " ID " )

}

# c r e a t e s p a t i a l po ly d f from s p a t i a l p o l y g o n s .

d i f f n e t d f <− l i s t ( )

f o r ( j i n 1 : ( k−1) ) {

d i f f n e t d f [ [ j ] ]<−S p a t i a l P o l y g o n s D a t a F r a m e ( d i f f n e t [ [ j ] ] , d a t a . f rame (N =

1 : l e n g t h ( d i f f n e t [ [ j ] ] ) , row . names = 1 : l e n g t h ( d i f f n e t [ [ j ] ] ) ) )

}

# p u t d i f f u s i o n v a l u e s ( p o s i t i v e and n e g a t i v e ) i n t o sp . po ly d f s

f o r ( j i n 1 : ( k−1) ) {

d i f f n e t d f [ [ j ] ] @data <− d a t a . f rame ( d i f f n e t d f [ [ j ] ] @data , d i f f p o s d f [ [ j ] ] [

match ( d i f f n e t d f [ [ j ] ] @data [ , ’N’ ] , d i f f p o s d f [ [ j ] ] [ , ’ ID ’ ] ) , ] ) #N i s name

of v a r i a b l e o f s p d f and ID name of v a r i a b l e o f d f which a r e t h e

common v a r i a b l e on which t h e merge i s e x e c u t e d .

}

f o r ( j i n 1 : ( k−1) ) {

d i f f n e t d f [ [ j ] ] @data <− d a t a . f rame ( d i f f n e t d f [ [ j ] ] @data , d i f f n e g d f [ [ j ] ] [

match ( d i f f n e t d f [ [ j ] ] @data [ , ’N’ ] , d i f f n e g d f [ [ j ] ] [ , ’ ID ’ ] ) , ] ) #N i s name

of v a r i a b l e o f s p d f and ID name of v a r i a b l e o f d f which a r e t h e

common v a r i a b l e on which t h e merge i s e x e c u t e d .

}

#OPTIONAL : d e l e t e t o o s m a l l po lygon ( h e r e we keep p o l g y o n s on ly i f t h e

a r e a =0 .5 ( same as PRIO−Grid ) )

t a u<−0 . 2 5 # ( 0 . 2 5 c o r r e s p o n d s t o PRIO−g r i d c e l l a r e a )

a r e a s<− l i s t ( )

maxareas<− l i s t ( )

i n d e x a r e a<− l i s t ( )

d i f f n e t d f n e t <− l i s t ( )

f o r ( j i n 1 : ( k−1) ) {

# c a l c u l a t e a r e a s o f a l l p o l y g o ns i n c l u d e d i n h o t s p o t s ne ighbour hood

f o r each y e a r

a r e a s [ [ j ] ]<− s a p p l y ( s l o t ( d i f f n e t d f [ [ j ] ] , " p o l yg o n s " ) , f u n c t i o n ( x )

s a p p l y ( s l o t ( x , " Po lygons " ) , s l o t , " a r e a " ) )

maxareas [ [ j ] ]<−s a p p l y ( a r e a s [ [ j ] ] , max ) # i n c a s e o f p o s s i b l e d i v i d e d

p o l y go n s keep t h e one wi th h i g h e s t a r e a ( i s r e q u i r e d f o r f o l l o w i n g

s t e p s )

i n d e x a r e a [ [ j ] ]<− which ( maxareas [ [ j ] ] > t a u )

d i f f n e t d f n e t [ [ j ] ]<− d i f f n e t d f [ [ j ] ] [ i n d e x a r e a [ [ j ] ] , ] # keep polygon wi th

a rea > t a u

}
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nbho t<− l i s t ( )

f o r ( j i n 1 : ( k−1) ) {

nbho t [ [ j ] ]<− l e n g t h ( d i s a g g r e g a t e ( d i f f n e t d f n e t [ [ j ] ] ) ) }

# nbho t<−nbho t [ c (−1 ,−2) ]

Reduce ( "+" , nbho t ) #nb . o f h o t s p o t s

# d e l e t e t h e f i r s t y e a r b e c a u s e we look a t d i f f u s i o n from 2003 t o 2013 .

Indeed , a d i f f u s i o n from 2002 t o 2003 i s l a b e l l e d ’ 2 0 0 3 ’ .

# d i f f n e t d f n e t [ [ 1 ] ] <− NULL

# p l o t a n n u a l d i f f u s i o n

# c o l o r d e f i n i t i o n

c o l d i f f p o s<− l i s t ( )

f o r ( j i n 1 : ( k−1) ) { c o l d i f f p o s [ [ j ] ]<− d i f f n e t d f n e t [ [ j ] ] @data$ d i f f p o s

}

m i n d i f f p o s<−0

m a x d i f f p o s<−max ( s a p p l y ( c o l d i f f p o s , max , na . rm=TRUE) )

b r e a k s<−seq ( m i n d i f f p o s , maxd i f fpos , by =1)

n<− l e n g t h ( b r e a k s )−1

c o l d i f f n e g<− l i s t ( )

f o r ( j i n 1 : ( k−1) ) { c o l d i f f n e g [ [ j ] ]<− d i f f n e t d f n e t [ [ j ] ] @data$ d i f f n e g

}

m a x d i f f n e g<−0

m i n d i f f n e g<−min ( s a p p l y ( c o l d i f f n e g , min , na . rm=TRUE) )

b r e a k s<−seq ( m i n d i f f n e g , maxdi f fneg , by = 0 . 5 )

n<− l e n g t h ( b r e a k s )−1

# p l o t a n n u a l d i f f u s i o n

dev . o f f ( )

p l o t . new ( )

# r e s t r i c t e d l a t and l o n : x l im = c (−20 , 60) , y l im = c (−40 , 40) ,# A f r i c a

and Middle E a s t f o r b e t t e r v i s u a l i s a t i o n

d i f f n e t c r o p<− l i s t ( )

f o r ( j i n 1 : ( k−1) ) { d i f f n e t c r o p [ [ j ] ] <− c rop ( d i f f n e t d f n e t [ [ j ] ] , e x t e n t

(−20 , 80 , −40, 40) ) }

p l o t . new ( )

f o r ( j i n 1 : ( k−1) ) {

mypath= p a s t e ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD

/ r e v i s i o n / r e v i s e d P h D t h e s i s / C h a p t e r 6 / F i g s / R a s t e r / p d i f f u s i o n " , j , " . png

" , sep =" " )

png ( f i l e =mypath )

p a r ( cex = 1 . 4 , cex . l a b = 0 . 7 )

p l o t ( d i f f n e t c r o p [ [ j ] ] , x l im =c ( −20 ,80) , y l im =c ( −40 ,40) ,
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c o l = i f e l s e ( d i f f n e t c r o p [ [ j ] ] @data$ d i f f p o s >0 & d i f f n e t c r o p [ [ j ] ]

@data$ d i f f n e g >=0 , " r e d " , i f e l s e ( d i f f n e t c r o p [ [ j ] ] @data$ d i f f n e g <0

& d i f f n e t c r o p [ [ j ] ] @data$ d i f f p o s <=0 , " b l u e " , " g rey25 " ) ) , main=" "

, x l a b =" " , y l a b =" " , a xes =F )

box ( )

a x i s ( 1 , c o l . a x i s =" b l a c k " , a t = seq ( −20 ,80 , by =20) , l a b e l s = seq ( −20 ,80 , by =20)

, l a s =2)

a x i s ( 2 , c o l . a x i s =" b l a c k " , a t = seq ( −40 ,40 , by =20) , l a b e l s = seq ( −40 ,40 , by

=20) , l a s =0) #

p l o t ( c o u n t r y , add=TRUE)

t i t l e ( main =2002+ j , l i n e = 0 . 5 , cex . main = 1 . 5 )

mtex t ( " L a t i t u d e " , s i d e = 2 , l i n e = 2 , a d j =0 , cex = 1 . 4 , a t =−7.5)

mtex t ( " L o n g i t u d e " , s i d e = 1 , l i n e = 2 , a d j =0 , cex = 1 . 4 , a t =20)

l e g e n d ( " b o t t o m l e f t " , t i t l e =" " , i n s e t = . 0 0 5 , cex =1 , b t y =" n " ,

c ( " d i f f u s i o n " , " d i s s i p a t i o n " , " n o t s i g n i f i c a n t " ) , f i l l =c ( " r e d " , "

b l u e " , " g rey25 " ) )

dev . o f f ( )

}

# E s c a l a t i o n ( change i n t e r r o r i s m i n t e n s i t y w i t h i n h o t s p o t ( a t t h e c e l l

l e v e l ) )

# a n n u a l e s c a l a t i o n

# e x t r a c t d e l t a p r o b a b i l i t y o f l e t h a l a t t a c k a t t ime j and j +1 w i t h i n

h o t s p o t s

# d e f i n e kappa ( t h r e s h o l d ) f o r e n l a r g i n g CI ( min 0 t o max 1) t o compute

s i g n i f c a n t d i f f e r e n c e s between CI i n t and t −1

kappa<−0 . 7 5 # ( 0 . 7 5 : i n d i c a t e t h a t we t o l e r a t e an o v e r l a p o f CI wi th 75%

of t h e r e l a t e d v a l u e )

# f o r p o s i t i v e e s c a l a t i o n : low p ( t +1)−kappa * h igh p ( t ) >0

# f o r n e g a t i v e e s c a l a t i o n : h igh p ( t +1)−kappa * low p ( t ) <0

r e q u i r e ( r a s t e r )

e s c p o s<− l i s t ( )

e s c ne g<− l i s t ( )

f o r ( j i n 1 : ( k−1) ) {

e s c p o s [ [ j ] ]<− e x t r a c t ( p r o b l o w r [ [ j + 1 ] ] , h o t l o c [ [ j ] ] )−e x t r a c t ( kappa *
p r o b h i g h r [ [ j ] ] , h o t l o c [ [ j ] ] )

e s c ne g [ [ j ] ]<− e x t r a c t ( kappa * p r o b h i g h r [ [ j + 1 ] ] , h o t l o c [ [ j ] ] )−e x t r a c t (

p r o b l o w r [ [ j ] ] , h o t l o c [ [ j ] ] )

}

# j o i n e s c a l a t i o n v a l u e s wi th c e l l number o f h o t s p o t s c e l l s
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# c r e a t e d a t a f r a m e wi th p r o j e c t i o n v a l u e s ( x , y ) and l e t h a l p r o b a b i l i t y

v a l u e s ( z )

e s c d f<− l i s t ( )

f o r ( j i n 1 : ( k−1) ) {

e s c d f [ [ j ] ]<−as . d a t a . f rame ( c b i n d ( e s c p o s [ [ j ] ] , e s c n e g [ [ j ] ] , h o t l o c [ [ j ] ] ) )

}

# e x t r a c t r a s t e r c e l l s w i th v a l u e s o f prob of l e t h a l a t t h e l o c a t i o n o f

h o t s p o t c e l l s

#Done f o r each y e a r from 2002 t o 2013

e sc xy z<− l i s t ( )

f o r ( j i n 1 : k ) {

e sc xy z [ [ j ] ]<−xyFromCel l ( p r o b h i g h r [ [ j ] ] , h o t l o c [ [ j ] ] )

}

#Add xy l o c a t i o n and d e l t a v a l u e s from j t o k−1 t o t h e d a t a f r a m e f o r eac

j y e a r . Note t h a t d e l t a have 11 v a l u e s ( k−1) , no v a l u e s c a l c u l a t e d

f o r t ime k ( 2 0 1 3 )

#Done f o r each y e a r from 2003 t o 2012

f o r ( j i n 1 : ( k−1) ) {

e s c d f [ [ j ] ]<−c b i n d ( e s c d f [ [ j ] ] , e s c xy z [ [ j ] ] )

}

#Rename v a r i a b l e s i n d a t a f r a m e : p o s i t i v e , n e g a t i v e e s c a l a t i o n , c e l l

number , l o n g i t u d e , and l a t i t u d e ,

f o r ( j i n 1 : ( k−1) ) {

co lnames ( e s c d f [ [ j ] ] ) <− c ( " p o s e s c " , " ne ge s c " , " ce l lnum " , " l o n " , " l a t " )

}

# d e l e t e e s c d f o b s e r v a t i o n s i f NA i s p r e s e n t ( i f no e s c v a l u e s a r e

p r o v i d e d . For example , when a d j a c e n t c e l l l i e i n ocean )

f o r ( j i n 1 : ( k−1) ) {

e s c d f [ [ j ] ] = e s c d f [ [ j ] ] [ c o m p l e t e . c a s e s ( e s c d f [ [ j ] ] ) , ]

}

# E s c a l a t i o n

# c r e a t e s p a t i a l p o i n t s d a t a f r a m e from e s c d f d a t a f r a m e

c o o r e s c<− l i s t ( )

e s c p t<− l i s t ( )

f o r ( i i n 1 : ( k−1) )

{

# e s c a l a t i o n d a t a

c o o r e s c [ [ i ] ]<−c b i n d ( e s c d f [ [ i ] ] $ lon , e s c d f [ [ i ] ] $ l a t )

e s c p t [ [ i ] ]<−S p a t i a l P o i n t s D a t a F r a m e ( c o o r e s c [ [ i ] ] , e s c d f [ [ i ] ] , p r o j 4 s t r i n g =

CRS( "+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+ e l l p s =WGS84" ) )
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e s c p t [ [ i ] ]<−e s c p t [ [ i ] ] [ s t u d y a r e a , ] # problem ! ! ! !CRS

e s c p t [ [ i ] ]<−remove . d u p l i c a t e s ( e s c p t [ [ i ] ] )

}

# p l o t a n n u a l e s c a l a t i o n

# c o l o r d e f i n i t i o n

c o l e s c p o s<− l i s t ( )

f o r ( j i n 1 : ( k−1) ) { c o l e s c p o s [ [ j ] ]<−e s c p t [ [ j ] ] $ p o s e s c }

minescpos<−0

maxescpos<−max ( s a p p l y ( c o l e s c p o s , max , na . rm=TRUE) )

b r e a k s<−seq ( minescpos , maxescpos , by =1)

n<− l e n g t h ( b r e a k s )−1

c o l e s c n e g<− l i s t ( )

f o r ( j i n 1 : ( k−1) ) { c o l e s c n e g [ [ j ] ]<−e s c p t [ [ j ] ] $ n e g e s c }

maxescneg<−0

minescneg<−min ( s a p p l y ( c o l e s c n e g , min , na . rm=TRUE) )

b r e a k s<−seq ( minescneg , maxescneg , by =1)

n<− l e n g t h ( b r e a k s )−1

# p l o t a n n u a l e s c a l a t i o n

p l o t . new ( )

dev . o f f ( )

f o r ( j i n 1 : ( k−1) )

{

mypath= p a s t e ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD

/ r e v i s i o n / r e v i s e d P h D t h e s i s / C h a p t e r 6 / F i g s / R a s t e r / p e s c a l a t i o n " , j , " .

png " , sep =" " )

png ( f i l e =mypath )

p a r ( cex = 1 . 4 , cex . l a b = 0 . 7 )

p l o t ( e s c p t [ [ j ] ] $ lon , e s c p t [ [ j ] ] $ l a t , pch =15 , cex = 0 . 4 , c o l ="NA" , main=" "

, x l im = c (−20 , 80) , y l im = c (−40 , 40) ,

x l a b =" " , y l a b =" " )

p o i n t s ( e s c p t [ [ j ] ] $ lon , e s c p t [ [ j ] ] $ l a t , pch =15 , cex = 0 . 2 , c o l = i f e l s e ( e s c p t [ [

j ] ] $ posesc >0 , " r e d " , i f e l s e ( e s c p t [ [ j ] ] $ negesc <0 , " b l u e " , "NA" ) ) )

p l o t ( c o u n t r y , add=TRUE)

t i t l e ( main =2002+ j , l i n e = 0 . 5 , cex . main = 1 . 5 )

mtex t ( " L a t i t u d e " , s i d e = 2 , l i n e = 1 . 9 , a d j =0 , cex = 1 . 4 , a t =−7.5)

mtex t ( " L o n g i t u d e " , s i d e = 1 , l i n e = 1 . 9 , a d j =0 , cex = 1 . 4 , a t =20)

l e g e n d ( " b o t t o m l e f t " , t i t l e =" " , i n s e t = . 0 0 5 , cex =1 , b t y =" n " ,

c ( " e s c a l a t i o n " , " de−e s c a l a t i o n " ) , f i l l =c ( " r e d " , " b l u e " ) )

dev . o f f ( )

}
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s ave . image ( "~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / STpoi s son / STpoi _

d i f f u s i o n . RData " )

#END

D.2 Detection of Hotspot Processes

This is the code used to assess the performance of the model with regard to the identified

hotspots of the probability of lethality of terrorism and real observations.

#SPATIO−TEMPORAL MODELLING / B e r n o u l l i model o f t h e p r o b a b i l i t y o f

l e t h a l e v e n t s wor ldwide 2002−2013

#The code i s used t o a s s e s s t h e p e r f o r m a n c e o f t h e model wi th r e g a r d t o

t h e i d e n t i f i e d h o t s p o t s o f l e t h a l t e r r o r i s m and r e a l o b s e r v a t i o n s .

se twd ( "~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / S T b i n o m i a l t o t a l " )

rm ( l i s t = l s ( ) )

l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / SPDEfina l . RData " )

l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / S T b i n o m i a l t o t a l / STbin _

d i f f u s i o n . RData " )

r e q u i r e ( f o r e i g n )

r e q u i r e ( sp )

l i b r a r y ( INLA )

l i b r a r y ( s p a t s t a t )

l i b r a r y ( f i e l d s )

l i b r a r y ( m a p t o o l s )

l i b r a r y ( f i e l d s )

l i b r a r y ( l a t t i c e )

r e q u i r e ( f o r e i g n )

k<−12

spde <− i n l a . spde2 . ma te rn ( mesh , a l p h a =2)

i s e t <− i n l a . spde . make . i n d e x ( ’ i ’ , n . spde = spde $n . spde , n . group =k )

i s e t 2 <− i n l a . spde . make . i n d e x ( ’ i ’ , n . spde =nrow ( x y a l l ) / 12 , n . group =k )

A<− i n l a . spde . make .A( mesh , l o c = c b i n d ( o l d d f $V1 , o l d d f $V2 , o l d d f $V3 ) , group =

o l d d f $ t ime )

s t k <− i n l a . s t a c k ( d a t a = l i s t ( y= o l d d f $y ) ,A= l i s t (A, 1 , 1 , 1 , 1 , 1 ) , t a g = ’ d a t ’ ,

e f f e c t s = l i s t ( i = i s e t , lum= o l d d f $lum , t t = o l d d f $ t t , g r e g =

o l d d f $ greg , a l t = o l d d f $ a l t , b0= r e p ( 1 , l e n g t h ( o l d d f $y ) ) )

)

s t k . mesh <− i n l a . s t a c k ( d a t a = l i s t ( y=NA) , t a g = ’ mesh ’ ,A= l i s t ( 1 , 1 , 1 , 1 , 1 , 1 ) ,

# s t a c k 2 <− i n l a . s t a c k ( s t k , s t k . mesh ) ,
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e f f e c t s = l i s t ( i = i s e t 2 , lum= x y a l l $lum , t t = x y a l l $ t t ,

g r e g = x y a l l $ greg , a l t = x y a l l $ a l t , b0= r e p ( 1 , l e n g t h (

i s e t 2 $ i ) ) ) )

i d x . mesh <− i n l a . s t a c k . i n d e x ( s t k . mesh , t a g = ’ mesh ’ ) $ d a t a

lowprob<−as . d a t a . f rame ( b i n o m i a l ( l i n k = ’ l o g i t ’ ) $ l i n k i n v ( r e s f i n a l $summary .

l i n e a r . p r e d i c t o r [ i d x . mesh , " 0 .025 q u a n t " ] ) )

h i g h p r o b<−as . d a t a . f rame ( b i n o m i a l ( l i n k = ’ l o g i t ’ ) $ l i n k i n v ( r e s f i n a l $summary .

l i n e a r . p r e d i c t o r [ i d x . mesh , ’ 0 .975 q u a n t ’ ] ) )

lowprob $ group<−x y a l l $ t ime

names ( lowprob )<−c ( " prob " , " group " )

h i g h p r o b $ group<−x y a l l $ t ime

names ( h i g h p r o b )<−c ( " prob " , " group " )

bdq25prob<− l i s t ( )

bdq975prob<− l i s t ( )

f o r ( j i n 1 : k ) {

bdq25prob [ [ j ] ]<−lowprob $ prob [ lowprob $ group == j ]

bdq975prob [ [ j ] ]<−h i g h p r o b $ prob [ h i g h p r o b $ group == j ]

bdq25prob [ [ j ] ]<− i n l a . mesh . p r o j e c t ( p r o j , bdq25prob [ [ j ] ] ) # a d a p t t o t h e

s e l e c t e d model

bdq25prob [ [ j ] ] [ ! i n s ]<−NA

bdq975prob [ [ j ] ]<− i n l a . mesh . p r o j e c t ( p r o j , bdq975prob [ [ j ] ] ) # a d a p t t o t h e

s e l e c t e d model

bdq975prob [ [ j ] ] [ ! i n s ]<−NA

}

# l e t h a l i t y h o t s p o t s a r e i d e n t i f i e d from 2002 ( j ) t o 2013 ( k ) and keep

on ly l o c a t i o n s wi th h o t s p o t ( w i th v a l u e t o be p u t t o 1 ) and p u t NA

e l s e

H<−0 . 5 # d e f i n e l e t h a l h o t s p o t t h r e s h o l d p r o b a b i l i t y

h o t<− l i s t ( )

f o r ( j i n 1 : k ) {

h o t [ [ j ] ]<− i f e l s e ( bdq25prob [ [ j ] ] <H,NA, 1 ) # p u t NA everywhere e x c e p t

where t h e r e a r e h o t s p o t s ( u s e f u l f o r n e x t s t e p s )

}

r e q u i r e ( r a s t e r )

# c r e a t e v e c t o r s wi th p r o j e c t i o n v a l u e s ( x , y ) and h o t s p o t v a l u e s ( z )

h o t d f<− l i s t ( )

h o t r<− l i s t ( )

f o r ( j i n 1 : k ) {

h o t d f [ [ j ] ] = l i s t ( )

h o t d f [ [ j ] ] $x= p r o j $x# l o n g i t u d e
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h o t d f [ [ j ] ] $y= p r o j $y# l a t i t u d e

h o t d f [ [ j ] ] $ z= h o t [ [ j ] ]

# c o n v e r t v e c t o r s t o r a s t e r

h o t r [ [ j ] ] = r a s t e r ( h o t d f [ [ j ] ] )

}

# c r e a t e d a t a f r a m e from r a s t e r

h o t s p o t d f = l i s t ( )

f o r ( j i n 1 : k ) {

h o t s p o t d f [ [ j ] ] = as . d a t a . f rame ( h o t r [ [ j ] ] , xy=TRUE) # add xy o p t i o n t o e x t r a c t

l o n and l a t

names ( h o t s p o t d f [ [ j ] ] ) <−c ( " l o n " , " l a t " , " h o t " )

}

# d e l e t e h o t p s o t v a l u e s i f NA

f o r ( j i n 1 : k ) {

h o t s p o t d f [ [ j ] ] = h o t s p o t d f [ [ j ] ] [ c o m p l e t e . c a s e s ( h o t s p o t d f [ [ j ] ] ) , ]

}

# i d e n f i y l o c a t i o n s o f h o t s p o t s c e l l s ( c e l l number o f h o t s p o t s )

h o t l o c<− l i s t ( )

f o r ( j i n 1 : k ) {

h o t l o c [ [ j ] ]<−which ( ! i s . na ( v a l u e s ( h o t r [ [ j ] ] ) ) )

}

# c r e a t e p o l y go n s from h o t s p o t s

h o t p o l y<− l i s t ( )

h o t i n t e r <− l i s t ( )

h o t d i s<− l i s t ( )

WGS84="+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+ e l l p s =WGS84"

f o r ( i i n 1 : 1 2 ) {

h o t p o l y [ [ i ] ]<− r a s t e r T o P o l y g o n s ( h o t r [ [ i ] ] , fun =NULL, n =8 , na . rm=TRUE,

d i g i t s =5 , d i s s o l v e =TRUE)

p r o j 4 s t r i n g ( h o t p o l y [ [ i ] ] ) = CRS(WGS84)

h o t i n t e r [ [ i ] ]<− g I n t e r s e c t i o n ( s t u d y a r e a , h o t p o l y [ [ i ] ] ) # o p t i o n a l ( may

p r o v i d e b e t t e r r e s u l t s ) : i n t e r s e c t w i th s t u d y a r e a ( t o be r e v i e w e d )

h o t d i s [ [ i ] ]<−d i s a g g r e g a t e ( h o t p o l y [ [ i ] ] ) # d i s a g g r e g a t e i n t o m u l t i p l e

p o l y g on s

# h o t d i s [ [ i ] ]<−g S i m p l i f y ( h o t d i s [ [ i ] ] , 0 . 0 5 , t o p o l o g y P r e s e r v e =TRUE) #

O p t i o n a l L : s l i g h l y s i m p l i f y p o l y g o n s wi th Douglas Peucke r method ( i f

some p o l y g o ns a r e t o o complex )

}

#OPTION ( recommended ) : remove p o l y g o ns wi th a r e a < t a u i n deg .
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# i f t h e a r e a o f t h e h o t s p o t i s ve ry smal l , t h e p r o b a b i l i t y o f f i n d i n g

o b s e r v a t i o n s i s c l o s e t o 0 t o o . T h e r e f o r e , we s u g g e s t t o remove ve r y

s m a l l p o l y g on s .

# t h r e s h o l d a r e a : t a u #

t a u<−0 . 2 5 # ( 0 . 2 5 c o r r e s p o n d s t o PRIO−g r i d c e l l a r e a )

a r e a s<− l i s t ( )

maxareas<− l i s t ( )

i n d e x<− l i s t ( )

f o r ( i i n 1 : l e n g t h ( h o t d i s ) ) {

# c a l c u l a t e a r e a s o f a l l p o l y g on s i n c l u d e d i n h o t s p o t s f o r each y e a r

a r e a s [ [ i ] ]<− s a p p l y ( s l o t ( h o t d i s [ [ i ] ] , " p o l yg o n s " ) , f u n c t i o n ( x ) s a p p l y (

s l o t ( x , " Po lygons " ) , s l o t , " a r e a " ) )

maxareas [ [ i ] ]<−s a p p l y ( a r e a s [ [ i ] ] , max ) # i n c a s e o f p o s s i b l e d i v i d e d

p o l y go n s keep t h e one wi th h i g h e s t a r e a ( i s r e q u i r e d f o r f o l l o w i n g

s t e p s )

i n d e x [ [ i ] ] <− which ( maxareas [ [ i ] ] > t a u ) # f i n d p o s i t i o n where a r e a > t a u

}

h o t n e t<− l i s t ( )

f o r ( i i n 1 : l e n g t h ( h o t d i s ) ) {

h o t n e t [ [ i ] ]<−h o t d i s [ [ i ] ] [ i n d e x [ [ i ] ] , ]

}

# c o u n t nb . o f h o t s p o t s ( from t h e model , i n c l u d i n g t r u e and n o t t r u e

h o s t s p o t s ) w i th a r e a > t a u

nbho t<− l i s t ( )

f o r ( j i n 1 : k ) {

nbho t [ [ j ] ]<− l e n g t h ( d i s a g g r e g a t e ( h o t n e t [ [ j ] ] ) ) }

# nbho t<−nbho t [ c (−1 ,−2) ]

Reduce ( "+" , nbho t ) #nb . o f h o t s p o t s 166

# e x t r a c t l e t h a l and non− l e t h a l e v e n t s f o r each y e a r from 2002−2013

l e t <− l i s t ( )

f o r ( i i n 1 : 1 2 ) {

l e t [ [ i ] ]<−GTD1[ which (GTD1$ n k i l l > 0 & GTD1$ i y e a r ==2001+ i ) , ]

}

n l e t<− l i s t ( )

f o r ( i i n 1 : 1 2 ) {

n l e t [ [ i ] ]<−GTD1[ which (GTD1$ n k i l l == 0 & GTD1$ i y e a r ==2001+ i ) , ]

}

# c r e a t e s p a t i a l p o i n t s f o r each y e a r ( r e q u i r e d t o c o u n t p o i n t s i n

po lygon )

WGS84="+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+ e l l p s =WGS84"



346 Hotspots and Diffusion Processes of Lethal Terrorism

p l e t<− l i s t ( )

p n l e t<− l i s t ( )

f o r ( i i n 1 : 1 2 ) {

p l e t [ [ i ] ]<−S p a t i a l P o i n t s ( c b i n d ( l e t [ [ i ] ] $ l o n g i t u d e , l e t [ [ i ] ] $ l a t i t u d e ) ) #

c r e a t e s p a t i a l p o i n t s

p n l e t [ [ i ] ]<−S p a t i a l P o i n t s ( c b i n d ( n l e t [ [ i ] ] $ l o n g i t u d e , n l e t [ [ i ] ] $ l a t i t u d e

) )

p r o j 4 s t r i n g ( p l e t [ [ i ] ] ) = CRS(WGS84)

p r o j 4 s t r i n g ( p n l e t [ [ i ] ] ) = CRS(WGS84)

}

# c o u n t i n g o b s e r v e d p r o p o r t i o n o f l e t h a l a t t a c k s i n h o t s p o t s from t h e

model

r e q u i r e ( GISTools )

n b l e t<− l i s t ( )

n b n l e t<− l i s t ( )

p r o p l e t<− l i s t ( )

f o r ( i i n 1 : 1 2 ) {

n b l e t [ [ i ] ]<−po ly . c o u n t s ( p l e t [ [ i ] ] , h o t n e t [ [ i ] ] ) # c o u n t l e t h a l a t t a c k s i n

h o t s p o t

n b n l e t [ [ i ] ]<−po ly . c o u n t s ( p n l e t [ [ i ] ] , h o t n e t [ [ i ] ] ) # c o u n t non l e t h a l

a t t a c k s i n h o t s p o t

p r o p l e t [ [ i ] ]<−n b l e t [ [ i ] ] / ( n b l e t [ [ i ] ] + n b n l e t [ [ i ] ] ) # compute t h e

p r o p o r t i o n o f l e t h a l a t t a c k i n h o t s p o t

#OPTION t o be d i s c u s s e d

# p r o p l e t [ [ i ] ]<−p r o p l e t [ [ i ] ] [ ! i s . na ( p r o p l e t [ [ i ] ] ) ]# d e l e t e when no

o b s e r v a t i o n ( t h i s i s an a l t e r n a t i v e a p p r o a c h t o d e l e t i n g s m a l l

p o l y go n s )

}

# c a l c u l a t e t h e p r o p o r t i o n o f h o t s p o t s t h a t have a p r o p o r t i o n o f l e t h a l

e v e n t >= t a u .

p r o p l e t<− u n l i s t ( p r o p l e t )

sum ( p r o p l e t >= H, na . rm=TRUE) # number o f h o t s p o t s t h a t c o n t a i n >= H of

l e t h a l e v e n t .

l e n g t h ( p r o p l e t ) # number o f h o t s p o t s

sum ( ( p r o p l e t >= H) / l e n g t h ( p r o p l e t ) , na . rm=TRUE) # p r o p o r t i o n o f h o t s p o t s

t h a t c o n t a i n >= H of l e t h a l e v e n t .

summary ( p r o p l e t , na . rm=TRUE)

sd ( p r o p l e t , na . rm=TRUE)

save . image ( "~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / S T b i n o m i a l t o t a l /

h o t s p o t _ modelvsobs2 . RData " )
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This is the code used to assess the performance of the model with regard to the identified

hotspots of the number of lethal terrorist events and real observations.

#SPATIO−TEMPORAL MODELLING / P o i s s o n model o f t h e number o f l e t h a l

e v e n t s wor ldwide 2002−2013

#The code a s s e s s e s t h e p e r f o r m a n c e o f t h e model wi th r e g a r d t o t h e

i d e n t i f i e d h o t s p o t s o f l e t h a l t e r r o r i s m and r e a l o b s e r v a t i o n s .

se twd ( "~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / STpois son " )

rm ( l i s t = l s ( ) )

l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / STpoi s son / SPDE_ n b e v e n t s

_ f i n a l . RData " )

l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / STpoi s son / STpoi _

d i f f u s i o n . RData " )

r e q u i r e ( f o r e i g n )

r e q u i r e ( sp )

l i b r a r y ( INLA )

l i b r a r y ( s p a t s t a t )

l i b r a r y ( f i e l d s )

l i b r a r y ( m a p t o o l s )

l i b r a r y ( f i e l d s )

l i b r a r y ( l a t t i c e )

r e q u i r e ( f o r e i g n )

r e q u i r e ( r g e o s )

k<−12

spde <− i n l a . spde2 . ma te rn ( mesh , a l p h a =2)

i s e t <− i n l a . spde . make . i n d e x ( ’ i ’ , n . spde = spde $n . spde , n . group =k )

i s e t 2 <− i n l a . spde . make . i n d e x ( ’ i ’ , n . spde =nrow ( x y a l l ) / 12 , n . group =k )

A<− i n l a . spde . make .A( mesh , l o c = c b i n d ( o l d d f $V1 , o l d d f $V2 , o l d d f $V3 ) , group =

o l d d f $ t ime )

s t k <− i n l a . s t a c k ( d a t a = l i s t ( y= o l d d f $y ) ,A= l i s t (A, 1 , 1 , 1 , 1 , 1 , 1 ) , t a g = ’ d a t ’ ,

e f f e c t s = l i s t ( i = i s e t , lum= o l d d f $lum , t t = o l d d f $ t t , pop=

o l d d f $pop , a l t = o l d d f $ a l t , p o l = o l d d f $ pol , b0= r e p ( 1 ,

l e n g t h ( o l d d f $y ) ) ) )

s t k . mesh <− i n l a . s t a c k ( d a t a = l i s t ( y=NA) , t a g = ’ mesh ’ ,A= l i s t ( 1 , 1 , 1 , 1 , 1 , 1 , 1 )

,

# s t a c k 2 <− i n l a . s t a c k ( s t k , s t k . mesh ) ,

e f f e c t s = l i s t ( i = i s e t 2 , lum= x y a l l $lum , t t = x y a l l $ t t ,

pop= x y a l l $pop , a l t = x y a l l $ a l t , p o l = x y a l l $ pol , b0=

r e p ( 1 , l e n g t h ( i s e t 2 $ i ) ) ) )

i d x . mesh <− i n l a . s t a c k . i n d e x ( s t k . mesh , t a g = ’ mesh ’ ) $ d a t a
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lowprob<−as . d a t a . f rame ( p o i s s o n ( l i n k = ’ l o g ’ ) $ l i n k i n v ( r e s f i n a l $summary .

l i n e a r . p r e d i c t o r [ i d x . mesh , " 0 .025 q u a n t " ] ) )

h i g h p r o b<−as . d a t a . f rame ( p o i s s o n ( l i n k = ’ l o g ’ ) $ l i n k i n v ( r e s f i n a l $summary .

l i n e a r . p r e d i c t o r [ i d x . mesh , ’ 0 .975 q u a n t ’ ] ) )

lowprob $ group<−x y a l l $ t ime

names ( lowprob )<−c ( " prob " , " group " )

h i g h p r o b $ group<−x y a l l $ t ime

names ( h i g h p r o b )<−c ( " prob " , " group " )

bdq25prob<− l i s t ( )

bdq975prob<− l i s t ( )

f o r ( j i n 1 : k ) {

bdq25prob [ [ j ] ]<−lowprob $ prob [ lowprob $ group == j ]

bdq975prob [ [ j ] ]<−h i g h p r o b $ prob [ h i g h p r o b $ group == j ]

bdq25prob [ [ j ] ]<− i n l a . mesh . p r o j e c t ( p r o j , bdq25prob [ [ j ] ] ) # a d a p t t o t h e

s e l e c t e d model

bdq25prob [ [ j ] ] [ ! i n s ]<−NA

bdq975prob [ [ j ] ]<− i n l a . mesh . p r o j e c t ( p r o j , bdq975prob [ [ j ] ] ) # a d a p t t o t h e

s e l e c t e d model

bdq975prob [ [ j ] ] [ ! i n s ]<−NA

}

# l e t h a l i t y h o t s p o t s a r e i d e n t i f i e d from 2002 ( j ) t o 2013 ( k ) and keep

on ly l o c a t i o n s wi th h o t s p o t ( w i th v a l u e t o be p u t t o 1 ) and p u t NA

e l s e

# ################################################

H<−5# d e f i n e l e t h a l h o t s p o t t h r e s h o l d p r o b a b i l i t y #

# ################################################

h o t<− l i s t ( )

f o r ( j i n 1 : k ) {

h o t [ [ j ] ]<− i f e l s e ( bdq25prob [ [ j ] ] <H,NA, 1 ) # p u t NA everywhere e x c e p t

where t h e r e a r e h o t s p o t s ( u s e f u l f o r n e x t s t e p s )

}

r e q u i r e ( r a s t e r )

# c r e a t e v e c t o r s wi th p r o j e c t i o n v a l u e s ( x , y ) and h o t s p o t v a l u e s ( z )

h o t d f<− l i s t ( )

h o t r<− l i s t ( )

f o r ( j i n 1 : k ) {

h o t d f [ [ j ] ] = l i s t ( )

h o t d f [ [ j ] ] $x= p r o j $x# l o n g i t u d e

h o t d f [ [ j ] ] $y= p r o j $y# l a t i t u d e

h o t d f [ [ j ] ] $ z= h o t [ [ j ] ]
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# c o n v e r t v e c t o r s t o r a s t e r

h o t r [ [ j ] ] = r a s t e r ( h o t d f [ [ j ] ] )

}

# c r e a t e d a t a f r a m e from r a s t e r

h o t s p o t d f = l i s t ( )

f o r ( j i n 1 : k ) {

h o t s p o t d f [ [ j ] ] = as . d a t a . f rame ( h o t r [ [ j ] ] , xy=TRUE) # add xy o p t i o n t o e x t r a c t

l o n and l a t

names ( h o t s p o t d f [ [ j ] ] ) <−c ( " l o n " , " l a t " , " h o t " )

}

# d e l e t e h o t p s o t v a l u e s i f NA

f o r ( j i n 1 : k ) {

h o t s p o t d f [ [ j ] ] = h o t s p o t d f [ [ j ] ] [ c o m p l e t e . c a s e s ( h o t s p o t d f [ [ j ] ] ) , ]

}

# i d e n f i y l o c a t i o n s o f h o t s p o t s c e l l s ( c e l l number o f h o t s p o t s )

h o t l o c<− l i s t ( )

f o r ( j i n 1 : k ) {

h o t l o c [ [ j ] ]<−which ( ! i s . na ( v a l u e s ( h o t r [ [ j ] ] ) ) )

}

# c r e a t e p o l y go n s from h o t s p o t s

h o t p o l y<− l i s t ( )

h o t i n t e r <− l i s t ( )

h o t d i s<− l i s t ( )

WGS84="+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+ e l l p s =WGS84"

f o r ( i i n 1 : 1 2 ) {

h o t p o l y [ [ i ] ]<− r a s t e r T o P o l y g o n s ( h o t r [ [ i ] ] , fun =NULL, n =8 , na . rm=TRUE,

d i g i t s =5 , d i s s o l v e =TRUE)

p r o j 4 s t r i n g ( h o t p o l y [ [ i ] ] ) = CRS(WGS84)

h o t i n t e r [ [ i ] ]<− g I n t e r s e c t i o n ( s t u d y a r e a , h o t p o l y [ [ i ] ] ) # o p t i o n a l ( may

p r o v i d e b e t t e r r e s u l t s ) : i n t e r s e c t w i th s t u d y a r e a ( t o be r e v i e w e d )

h o t d i s [ [ i ] ]<−d i s a g g r e g a t e ( h o t p o l y [ [ i ] ] ) # d i s a g g r e g a t e i n t o m u l t i p l e

p o l y go n s

# h o t d i s [ [ i ] ]<−g S i m p l i f y ( h o t d i s [ [ i ] ] , 0 . 0 5 , t o p o l o g y P r e s e r v e =TRUE) #

O p t i o n a l L : s l i g h l y s i m p l i f y p o l y g o ns wi th Douglas Peucke r method (

i f some po l y g o n s a r e t o o complex )

}

# ####### i f warn ing message no v a l u e s i n s e l e c t i o n #######################

# check i f t h e r e a r e y e a r s wi th no h o t s p o t ( ve ry l i k e l y ) and remove them #

#CAREFUL! ! ! ! ! SEE WHICH YEAR THERE IS NO HOTSPOT (HERE YEAR 1) #
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# h o t p o l y<−h o t p o l y [ ! s a p p l y ( h o t p o l y , i s . n u l l ) ]

#

# end c a r e f u l check #####################################################

h o t i n t e r <− l i s t ( )

h o t d i s<− l i s t ( )

f o r ( i i n 1 : l e n g t h ( h o t p o l y ) ) {

p r o j 4 s t r i n g ( h o t p o l y [ [ i ] ] ) = CRS(WGS84)

h o t i n t e r [ [ i ] ]<− g I n t e r s e c t i o n ( s t u d y a r e a , h o t p o l y [ [ i ] ] ) # o p t i o n a l ( may

p r o v i d e b e t t e r r e s u l t s ) : i n t e r s e c t w i th s t u d y a r e a ( t o be r e v i e w e d )

h o t d i s [ [ i ] ]<−d i s a g g r e g a t e ( h o t p o l y [ [ i ] ] ) # d i s a g g r e g a t e i n t o m u l t i p l e

p o l y g on s

# h o t d i s [ [ i ] ]<−g S i m p l i f y ( h o t d i s [ [ i ] ] , 0 . 0 5 , t o p o l o g y P r e s e r v e =TRUE) #

O p t i o n a l L : s l i g h l y i m p l i f y p o l y g o n s wi th Douglas Peucke r method ( some

c o u l d be t o o complex )

}

#1 OPTION ( recommended ) : remove p o l y g o ns wi th a r e a < t a u i n deg .

# i f t h e a r e a o f t h e h o t s p o t i s ve ry smal l , t h e p r o b a b i l i t y o f f i n d i n g

o b s e r v a t i o n s i s c l o s e t o 0 t o o . T h e r e f o r e , we s u g g e s t t o remove ve r y

s m a l l p o l y g o ns .

# t h r e s h o l d a r e a : t a u #

t a u<−0 . 2 5 # ( 0 . 2 5 c o r r e s p o n s t o PRIO−g r i d c e l l a r e a )

a r e a s<− l i s t ( )

maxareas<− l i s t ( )

i n d e x<− l i s t ( )

f o r ( i i n 1 : l e n g t h ( h o t d i s ) ) {

# c a l c u l a t e a r e a s o f a l l p o l y g on s i n c l u d e d i n h o t s p o t s f o r each y e a r

a r e a s [ [ i ] ]<− s a p p l y ( s l o t ( h o t d i s [ [ i ] ] , " p o l yg o n s " ) , f u n c t i o n ( x ) s a p p l y (

s l o t ( x , " Po lygons " ) , s l o t , " a r e a " ) )

maxareas [ [ i ] ]<−s a p p l y ( a r e a s [ [ i ] ] , max ) # i n c a s e o f p o s s i b l e d i v i d e d

p o l y g on s keep t h e one wi th h i g h e s t a r e a ( i s r e q u i r e d f o r f o l l o w i n g

s t e p s )

i n d e x [ [ i ] ] <− which ( maxareas [ [ i ] ] > t a u ) # f i n d p o s i t i o n where a r e a > t a u

}

# #######################################################################

# check i f t h e r e a r e y e a r s wi th no h o t s p o t ( ve ry l i k e l y ) and remove them #

#CAREFUL! ! ! ! ! SEE WHICH YEAR THERE IS NO HOTSPOT, h e r e y e a r 2 t o o s m a l l #

h o t n e t<− l i s t ( )

f o r ( i i n 1 : l e n g t h ( h o t d i s ) ) {

h o t n e t [ [ i ] ]<−h o t d i s [ [ i ] ] [ i n d e x [ [ i ] ] , ]

}
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nbho t<− l i s t ( )

f o r ( j i n 1 : k ) {

nbho t [ [ j ] ]<− l e n g t h ( d i s a g g r e g a t e ( h o t n e t [ [ j ] ] ) ) }

# nbho t<−nbho t [ c (−1 ,−2) ]

Reduce ( "+" , nbho t ) #nb . o f h o t s p o t s 189 wi th a r e a > t a u

p l o t ( h o t n e t [ [ 1 ] ] )

# #######################################################################

# check i f t h e r e a r e y e a r s wi th no h o t s p o t ( ve ry l i k e l y ) and remove them #

#CAREFUL! ! ! ! ! SEE WHICH YEAR THERE IS NO HOTSPOT (HERE YEAR 1) #

summary ( h o t n e t ) #

# d e l e t e h o t n e t [ [ 1 ] ] ( y e a r 2003) : has no e l e m e n t

# h o t n e t [ [ 1 ] ] <−NULL

# #######CAREFUL CHECK WITH c o r r e s p o n d a n c e y e a r h o t s p o t and y e a r GTD

#CAREFUL WITH e x t r a c t i o n o f y e a r s ( s i n c e h o t s p o t have m i s s i n g y e a r s

( 2 0 0 2 , 2 0 0 3 ) )

# e x t r a c t l e t h a l and non− l e t h a l e v e n t s f o r each y e a r from 2003−2013

l e t <− l i s t ( )

f o r ( i i n 1 : 1 2 ) {

l e t [ [ i ] ]<−GTD1[ which (GTD1$ n k i l l > 0 & GTD1$ i y e a r ==2001+ i ) , ]

}

# c r e a t e s p a t i a l p o i n t s f o r each y e a r ( r e q u i r e d t o c o u n t p o i n t s i n

po lygon )

WGS84="+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+ e l l p s =WGS84"

p l e t<− l i s t ( )

f o r ( i i n 1 : 1 2 ) {

p l e t [ [ i ] ]<−S p a t i a l P o i n t s ( c b i n d ( l e t [ [ i ] ] $ l o n g i t u d e , l e t [ [ i ] ] $ l a t i t u d e ) ) #

c r e a t e s p a t i a l p o i n t s

p r o j 4 s t r i n g ( p l e t [ [ i ] ] ) = CRS(WGS84)

}

# c o u n t i n g o b s e r v e d p r o p o o r t i o n o f l e t h a l a t t a c k s i n h o t s p o t s from t h e

model

r e q u i r e ( GISTools )

n b l e t<− l i s t ( )

f o r ( i i n 1 : 1 2 ) {

n b l e t [ [ i ] ]<−po ly . c o u n t s ( p l e t [ [ i ] ] , h o t n e t [ [ i ] ] ) # c o u n t l e t h a l a t t a c k s i n

h o t s p o t

}

# c a l c u l a t e t h e p r o p o r t i o n o f h o t s p o t s t h a t have number o f l e t h a l e v e n t

>= H.

n b l e t<− u n l i s t ( n b l e t )
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sum ( n b l e t >= H, na . rm=TRUE) # number o f h o t s p o t s t h a t c o n t a i n >= H of

l e t h a l e v e n t .

l e n g t h ( n b l e t ) # number o f h o t s p o t s

sum ( ( n b l e t >= H) / l e n g t h ( n b l e t ) , na . rm=TRUE) # p r o p o r t i o n o f h o t s p o t s t h a t

c o n t a i n >= H of l e t h a l e v e n t .

summary ( n b l e t , na . rm=TRUE)

sd ( n b l e t , na . rm=TRUE)

save . image ( "~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / STpoi s son / h o t s p o t

_ modelvsobs . RData " )

D.3 Detection of Escalation Processes

This is the code used to assess the performance of the model with regard to escalation and

de-escalation of the lethality of terrorism and real observations.

#SPATIO−TEMPORAL MODELLING / B e r n o u l l i model o f p r o b a b i l i t y o f l e t h a l

e v e n t s wor ldwide 2002−2013

#The code a s s e s s e s t h e p e r f o r m a n c e o f t h e model wi th r e g a r d t o t h e

e s c a l a t i o n o f t h e l e t h a l i t y o f t e r r o r i s m and r e a l o b s e r v a t i o n s .

se twd ( "~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / S T b i n o m i a l t o t a l " )

rm ( l i s t = l s ( ) )

l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / SPDE . RData " )

l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / S T b i n o m i a l t o t a l / STbin _

d i f f u s i o n . RData " )

r e q u i r e ( f o r e i g n )

r e q u i r e ( sp )

l i b r a r y ( INLA )

l i b r a r y ( s p a t s t a t )

l i b r a r y ( f i e l d s )

l i b r a r y ( m a p t o o l s )

l i b r a r y ( f i e l d s )

l i b r a r y ( l a t t i c e )

r e q u i r e ( r g e o s )

r e q u i r e ( r a s t e r )

r e q u i r e ( r g d a l )

# I d e n t i f y e s c a l a t i o n a r e a s and c o n s t r u c t po lygon from 2003 t o 2013

# c r e a t e p o l y go n s from e s c a l a t i o n and de−e s c a l a t i o n a r e a s s e p a r a t e l y

# t h e p o l y go n s a r e g e o m e t r i c a l l y t h e same b u t c o n t a i n d i f f e r e n t v a l u e s

r p o s<− l i s t ( ) # e s c a l a t i o n p o l y g o n s

xypos<− l i s t ( ) # c o o r d i n a t e s o f e s c a l a t i o n s p a t i a l p o i n t s
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r a s p o s<− l i s t ( ) # e s c a l a t i o n r a s t e r

r ne g<− l i s t ( ) #de−e s c a l a t i o n

xyneg<− l i s t ( )

r a s n e g<− l i s t ( )

r b a s e<− r a s t e r ( n c o l s =1440 , nrows =720)

f o r ( i i n 1 : l e n g t h ( e s c p t ) ) {

xypos [ [ i ] ] <− c b i n d ( e s c p t [ [ i ] ] $ lon , e s c p t [ [ i ] ] $ l a t )

r a s p o s [ [ i ] ] <− r a s t e r i z e ( xypos [ [ i ] ] , r b a s e , f i e l d = e s c p t [ [ i ] ] $ p o s e s c )

r p o s [ [ i ] ]<− r a s t e r T o P o l y g o n s ( r a s p o s [ [ i ] ] , fun =NULL, n =8 , na . rm=TRUE,

d i g i t s =5 , d i s s o l v e =TRUE)

r p o s [ [ i ] ]<−u n i o n S p a t i a l P o l y g o n s ( r p o s [ [ i ] ] , r e p ( 1 , l e n g t h ( r p o s [ [ i ] ] ) ) )

# p u t a d j a c e n t p o l y g on s t o g e t h e r

r p o s [ [ i ] ]<−d i s a g g r e g a t e ( r p o s [ [ i ] ] ) # d i s a g g r e g a t e i n t o m u l t i p l e p o l y g o n s

xyneg [ [ i ] ] <− c b i n d ( e s c p t [ [ i ] ] $ lon , e s c p t [ [ i ] ] $ l a t )

r a s n e g [ [ i ] ] <− r a s t e r i z e ( xyneg [ [ i ] ] , r b a s e , f i e l d = e s c p t [ [ i ] ] $ ne ge s c )

r ne g [ [ i ] ]<− r a s t e r T o P o l y g o n s ( r a s n e g [ [ i ] ] , fun =NULL, n =8 , na . rm=TRUE,

d i g i t s =5 , d i s s o l v e =TRUE)

r ne g [ [ i ] ]<−u n i o n S p a t i a l P o l y g o n s ( rneg [ [ i ] ] , r e p ( 1 , l e n g t h ( rneg [ [ i ] ] ) ) ) #

p u t a d j a c e n t p o l y g o n s t o g e t h e r

r ne g [ [ i ] ]<−d i s a g g r e g a t e ( rneg [ [ i ] ] ) # d i s a g g r e g a t e i n t o m u l t i p l e p o l y g o n s

}

#some c h e c k s

# p l o t ( r p o s [ [ 1 1 ] ] , c o l =" r e d " )

#OPTION ( recommended ) : remove p o l y g o ns wi th a r e a < t a u deg

# i f t h e a r e a o f t h e e s c a l a t i o n i s ve ry smal l , t h e p r o b a b i l i t y o f f i n d i n g

o b s e r v a t i o n s i s c l o s e t o 0 t o o . T h e r e f o r e , we s u g g e s t t o remove ve r y

s m a l l p o l y g on s .

# t h r e s h o l d a r e a : t a u

t a u<−0 . 2 5 # ( 0 . 2 5 c o r r e s p o n d s t o PRIO−g r i d c e l l a r e a )

a r e a s p o s<− l i s t ( )

maxareaspos<− l i s t ( )

i n d e x p o s<− l i s t ( )

a r e a s n e g<− l i s t ( )

maxareasneg<− l i s t ( )

i n d e x n e g<− l i s t ( ) # l e n g t h r p o s idem rneg

f o r ( i i n 1 : l e n g t h ( r p o s ) ) {

# c a l c u l a t e a r e a s o f a l l p o l y g on s i n c l u d e d i n e s c a l a t i o n a r e a s f o r each

y e a r
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a r e a s p o s [ [ i ] ]<− s a p p l y ( s l o t ( r p o s [ [ i ] ] , " p o ly g o n s " ) , f u n c t i o n ( x ) s a p p l y (

s l o t ( x , " Po lygons " ) , s l o t , " a r e a " ) )

maxareaspos [ [ i ] ]<−s a p p l y ( a r e a s p o s [ [ i ] ] , max ) # i n c a s e o f p o s s i b l e d i v i d e d

p o l y go n s keep t h e one wi th h i g h e s t a r e a ( i s r e q u i r e d f o r f o l l o w i n g

s t e p s )

i n d e x p o s [ [ i ] ] <− which ( maxareaspos [ [ i ] ] > t a u ) # f i n d p o s i t i o n where a r e a >

t a u

a r e a s n e g [ [ i ] ]<− s a p p l y ( s l o t ( rneg [ [ i ] ] , " p o ly g o n s " ) , f u n c t i o n ( x ) s a p p l y (

s l o t ( x , " Po lygons " ) , s l o t , " a r e a " ) )

maxareasneg [ [ i ] ]<−s a p p l y ( a r e a s n e g [ [ i ] ] , max ) # i n c a s e o f p o s s i b l e d i v i d e d

p o l y go n s keep t h e one wi th h i g h e s t a r e a ( i s r e q u i r e d f o r f o l l o w i n g

s t e p s )

i n d e x n e g [ [ i ] ] <− which ( maxareasneg [ [ i ] ] > t a u ) # f i n d p o s i t i o n where a r e a >

t a u

}

# keep polygon wi th a rea > t a u

e s c p o s n e t<− l i s t ( )

e s c n e g n e t<− l i s t ( )

f o r ( i i n 1 : l e n g t h ( r p o s ) ) {# l e n g t h r p o s idem rneg . . .

e s c p o s n e t [ [ i ] ]<− r p o s [ [ i ] ] [ i n d e x p o s [ [ i ] ] , ] # keep polygon wi th a rea > t a u

e s c n e g n e t [ [ i ] ]<−r ne g [ [ i ] ] [ i n d e x n e g [ [ i ] ] , ] # keep polygon wi th a rea > t a u

}

# e x t r a c t e s c a l a t i o n / de−e s c a l a t i o n v a l u e s from r a s t e r t o p o l y g o ns

p o s v a l u e<− l i s t ( )

n e g v a l u e<− l i s t ( )

f o r ( i i n 1 : l e n g t h ( e s c p o s n e t ) ) {# l e n g t h r p o s idem rneg . . .

p o s v a l u e [ [ i ] ]<− e x t r a c t ( r a s p o s [ [ i ] ] , e s c p o s n e t [ [ i ] ] , fun =max , na . rm=FALSE , d f

=TRUE)

n e g v a l u e [ [ i ] ]<− e x t r a c t ( r a s n e g [ [ i ] ] , e s c n e g n e t [ [ i ] ] , fun =min , na . rm=FALSE , d f

=TRUE)

}

# e x t r a c t l e t h a l and non− l e t h a l e v e n t s f o r each y e a r from 2002−2013

l e t <− l i s t ( )

f o r ( i i n 1 : 1 2 ) {

l e t [ [ i ] ]<−GTD1[ which (GTD1$ n k i l l > 0 & GTD1$ i y e a r ==2001+ i ) , ]

}

n l e t<− l i s t ( )

f o r ( i i n 1 : 1 2 ) {

n l e t [ [ i ] ]<−GTD1[ which (GTD1$ n k i l l == 0 & GTD1$ i y e a r ==2001+ i ) , ]

}
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# c r e a t e s p a t i a l p o i n t s f o r each y e a r ( r e q u i r e d t o c o u n t p o i n t s i n

po lygon )

WGS84="+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+ e l l p s =WGS84"

p l e t<− l i s t ( )

p n l e t<− l i s t ( )

f o r ( i i n 1 : 1 2 ) {

p l e t [ [ i ] ]<−S p a t i a l P o i n t s ( c b i n d ( l e t [ [ i ] ] $ l o n g i t u d e , l e t [ [ i ] ] $ l a t i t u d e ) ) #

c r e a t e s p a t i a l p o i n t s

p n l e t [ [ i ] ]<−S p a t i a l P o i n t s ( c b i n d ( n l e t [ [ i ] ] $ l o n g i t u d e , n l e t [ [ i ] ] $ l a t i t u d e

) )

p r o j 4 s t r i n g ( p l e t [ [ i ] ] ) = CRS(WGS84)

p r o j 4 s t r i n g ( p n l e t [ [ i ] ] ) = CRS(WGS84)

}

# c o u n t i n g o b s e r v e d p r o p o r t i o n o f l e t h a l a t t a c k s i n e s c a l a t i o n a r e a s i n

TIME T+1

r e q u i r e ( GISTools )

n b l e t<− l i s t ( )

n b n l e t<− l i s t ( )

p r o p l e t<− l i s t ( )

f o r ( i i n 1 : 1 1 ) {#TIME T+1: 11 o b s e r v a t i o n s o f l e t h a l a t t a c k s from 2003 t o

2013

n b l e t [ [ i ] ]<−po ly . c o u n t s ( p l e t [ [ i + 1 ] ] , e s c p o s n e t [ [ i ] ] ) # c o u n t l e t h a l

a t t a c k s i n h o t s p o t

n b n l e t [ [ i ] ]<−po ly . c o u n t s ( p n l e t [ [ i + 1 ] ] , e s c p o s n e t [ [ i ] ] ) # c o u n t non

l e t h a l a t t a c k s i n h o t s p o t

p r o p l e t [ [ i ] ]<−n b l e t [ [ i ] ] / ( n b l e t [ [ i ] ] + n b n l e t [ [ i ] ] ) # compute t h e

p r o p o r t i o n o f l e t h a l a t t a c k i n h o t s p o t

}

# c o u n t i n g o b s e r v e d p r o p o o r t i o n o f l e t h a l a t t a c k s i n e s c a l a t i o n a r e a s i n

TIME T

n b l e t 2<− l i s t ( )

n b n l e t 2<− l i s t ( )

p r o p l e t 2<− l i s t ( )

f o r ( i i n 1 : 1 1 ) {#TIME T−1: 11 o b s e r v a t i o n s o f l e t h a l a t t a c k s from 2002

t o 2012

n b l e t 2 [ [ i ] ]<−po ly . c o u n t s ( p l e t [ [ i ] ] , e s c p o s n e t [ [ i ] ] ) # c o u n t l e t h a l

a t t a c k s i n h o t s p o t

n b n l e t 2 [ [ i ] ]<−po ly . c o u n t s ( p n l e t [ [ i ] ] , e s c p o s n e t [ [ i ] ] ) # c o u n t non l e t h a l

a t t a c k s i n h o t s p o t
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p r o p l e t 2 [ [ i ] ]<−n b l e t 2 [ [ i ] ] / ( n b l e t 2 [ [ i ] ] + n b n l e t 2 [ [ i ] ] ) # compute t h e

p r o p o r t i o n o f l e t h a l a t t a c k i n h o t s p o t

}

# compute t h e r a t i o i n prop . l e t h a l e v e n t s from 2003 t o 2013 ( For ex .

2003 i n d e x e s r a t i o . 2003 / 2002)

d e l t a e s c<− l i s t ( )

f o r ( i i n 1 : 1 1 ) {

d e l t a e s c [ [ i ] ]<−p r o p l e t [ [ i ] ] / p r o p l e t 2 [ [ i ] ] # compute t h e r a t i o between

p r o p o r t i o n o f l e t h a l a t t a c k .

}

# p u t e s c a l a t i o n and de−e s c a l a t i o n d a t a f r a m e t o g e t h e r

e s c a l d f<− l i s t ( )

f o r ( i i n 1 : 1 1 ) {

e s c a l d f [ [ i ] ]<−merge ( p o s v a l u e [ [ i ] ] , n e g v a l u e [ [ i ] ] , by= ’ ID ’ )

co lnames ( e s c a l d f [ [ i ] ] ) <− c ( " ID " , " p o s e s c " , " ne ge s c " )

}

# c r e a t e d a t a f r a m e wi th d e l t a v a l u e s o f prop . l e t h a l a t t a c k

d e l t a e s c d f<− l i s t ( )

f o r ( i i n 1 : 1 1 ) {

d e l t a e s c d f [ [ i ] ]<−as . d a t a . f rame ( ( d e l t a e s c [ [ i ] ] ) )

d e l t a e s c d f [ [ i ] ] $ID<−seq . i n t ( nrow ( d e l t a e s c d f [ [ i ] ] ) ) # add i d column

colnames ( d e l t a e s c d f [ [ i ] ] ) <− c ( " d e l t a e s c " , " ID " )

}

# merge bo th d a t a f r a m e s

e s c a l a t i o n <− l i s t ( )

f o r ( i i n 1 : 1 1 ) {

e s c a l a t i o n [ [ i ] ]<−merge ( e s c a l d f [ [ i ] ] , d e l t a e s c d f [ [ i ] ] , by=" ID " )

}

# p u t t i n g a l l t o g e t h e r

e s c a l a t i o n <− r b i n d ( e s c a l a t i o n [ [ 1 ] ] , e s c a l a t i o n [ [ 2 ] ] , e s c a l a t i o n [ [ 3 ] ] ,

e s c a l a t i o n [ [ 4 ] ] , e s c a l a t i o n [ [ 5 ] ] , e s c a l a t i o n [ [ 6 ] ] ,

e s c a l a t i o n [ [ 7 ] ] , e s c a l a t i o n [ [ 8 ] ] , e s c a l a t i o n [ [ 9 ] ] , e s c a l a t i o n

[ [ 1 0 ] ] , e s c a l a t i o n [ [ 1 1 ] ] )

# d e f i n e t h r e s h o l d o f t h e r a t i o f o r an e s c a l a t i o n t o be s i g n i f i c a n t

e s c a l t <−1 . 1

# d e f i n e t h r e s h o l d o f t h e r a t i o f o r an e s c a l a t i o n t o be s i g n i f i c a n t

d e s c a l t<−0 . 9

# c r e a t i n g s c o r e v a r i a b l e s wi th r e g a r d t o p r e d i c i t o n o f e s c a l a t i o n / de−
e s c a l a t i o n

e s c a l a t i o n $ t o t e s c p r e d<− i f e l s e ( e s c a l a t i o n $ posesc > 0 , 1 , 0 )
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e s c a l a t i o n $ e s c p r e d<− i f e l s e ( e s c a l a t i o n $ posesc >0 & e s c a l a t i o n $ d e l t a e s c >=

e s c a l t , 1 , 0 )

e s c a l a t i o n $ t o t d e e s c p r e d<− i f e l s e ( e s c a l a t i o n $ negesc < 0 , 1 , 0 )

e s c a l a t i o n $ d e e s c p r e d<− i f e l s e ( e s c a l a t i o n $ negesc <0 & e s c a l a t i o n $ d e l t a e s c <=

d e s c a l t , 1 , 0 )

# c a l c u l a t e t h e p r o p o r t i o n o f good e s c a l a t i o n p r e d i c t i o n

sum ( e s c a l a t i o n $ e s c p r e d , na . rm=TRUE)

sum ( e s c a l a t i o n $ t o t e s c p r e d , na . rm=TRUE)

sum ( e s c a l a t i o n $ e s c p r e d , na . rm=TRUE) / sum ( e s c a l a t i o n $ t o t e s c p r e d , na . rm=TRUE)

# c a l c u l a t e t h e p r o p o r t i o n o f good de−e s c a l a t i o n p r e d i c t i o n

sum ( e s c a l a t i o n $ d e e s c p r e d , na . rm=TRUE)

sum ( e s c a l a t i o n $ t o t d e e s c p r e d , na . rm=TRUE)

sum ( e s c a l a t i o n $ d e e s c p r e d , na . rm=TRUE) / sum ( e s c a l a t i o n $ t o t d e e s c p r e d , na . rm=

TRUE)

# c a l c u l a t e sum of o r i g i n a l e s c a l a t i o n a r e a s ( b e f o r e sample r e d u c t i o n

wi th a r e a s > t a u )

l e n<−v e c t o r ( )

f o r ( i i n 1 : 1 1 ) {

l e n [ [ i ] ]<− l e n g t h ( r p o s [ [ i ] ] )

}

sum ( l e n )

# c a l c u l a t e sum of e s c a l a t i o n a r e a s ( a f t e r sample r e d u c t i o n wi th a r e a s >

t a u )

l e n e s c<−v e c t o r ( )

f o r ( i i n 1 : 1 1 ) {

l e n e s c [ [ i ] ]<− l e n g t h ( e s c p o s n e t [ [ i ] ] )

}

sum ( l e n e s c )

# end

This is the code used to assess the performance of the model with regard to escalation and

de-escalation of the number of lethal terrorist events and real observations.

#SPATIO−TEMPORAL MODELLING / P o i s s o n model o f t h e number o f l e t h a l e v e n t s

wor ldwide 2002−2013

#The code a s s e s s e s t h e p e r f o r m a n c e o f t h e model wi th r e g a r d t o t h e

e s c a l a t i o n o f l e t h a l t e r r o r i s m and r e a l o b s e r v a t i o n s .

se twd ( "~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / STpois son " )

rm ( l i s t = l s ( ) )

l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / STpoi s son / SPDE_ n b e v e n t s

_ f i n a l . RData " )
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l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / STpoi s son / STpoi _

d i f f u s i o n . RData " )

r e q u i r e ( f o r e i g n )

r e q u i r e ( sp )

l i b r a r y ( INLA )

l i b r a r y ( s p a t s t a t )

l i b r a r y ( f i e l d s )

l i b r a r y ( m a p t o o l s )

l i b r a r y ( f i e l d s )

l i b r a r y ( l a t t i c e )

r e q u i r e ( r g e o s )

r e q u i r e ( r a s t e r )

r e q u i r e ( r g d a l )

# I d e n t i f y e s c a l a t i o n a r e a s and c o n s t r u c t po lygon from 2003 t o 2013

# c r e a t e p o l y go n s from e s c a l a t i o n and de−e s c a l a t i o n a r e a s s e p a r a t e l y

# t h e p o l y go n s a r e g e o m e t r i c a l l y t h e same b u t c o n t a i n d i f f e r e n t v a l u e s

r p o s<− l i s t ( ) # e s c a l a t i o n p o l y g o n s

xypos<− l i s t ( ) # c o o r d i n a t e s o f e s c a l a t i o n s p a t i a l p o i n t s

r a s p o s<− l i s t ( ) # e s c a l a t i o n r a s t e r

r ne g<− l i s t ( ) #de−e s c a l a t i o n

xyneg<− l i s t ( )

r a s n e g<− l i s t ( )

r b a s e<− r a s t e r ( n c o l s =1440 , nrows =720)

f o r ( i i n 1 : l e n g t h ( e s c p t ) ) {

xypos [ [ i ] ] <− c b i n d ( e s c p t [ [ i ] ] $ lon , e s c p t [ [ i ] ] $ l a t )

r a s p o s [ [ i ] ] <− r a s t e r i z e ( xypos [ [ i ] ] , r b a s e , f i e l d = e s c p t [ [ i ] ] $ p o s e s c )

r p o s [ [ i ] ]<− r a s t e r T o P o l y g o n s ( r a s p o s [ [ i ] ] , fun =NULL, n =8 , na . rm=TRUE,

d i g i t s =5 , d i s s o l v e =TRUE)

r p o s [ [ i ] ]<−u n i o n S p a t i a l P o l y g o n s ( r p o s [ [ i ] ] , r e p ( 1 , l e n g t h ( r p o s [ [ i ] ] ) ) )

# p u t a d j a c e n t p o l y g on s t o g e t h e r

r p o s [ [ i ] ]<−d i s a g g r e g a t e ( r p o s [ [ i ] ] ) # d i s a g g r e g a t e i n t o m u l t i p l e p o l y g o ns

xyneg [ [ i ] ] <− c b i n d ( e s c p t [ [ i ] ] $ lon , e s c p t [ [ i ] ] $ l a t )

r a s n e g [ [ i ] ] <− r a s t e r i z e ( xyneg [ [ i ] ] , r b a s e , f i e l d = e s c p t [ [ i ] ] $ ne ge s c )

r ne g [ [ i ] ]<− r a s t e r T o P o l y g o n s ( r a s n e g [ [ i ] ] , fun =NULL, n =8 , na . rm=TRUE,

d i g i t s =5 , d i s s o l v e =TRUE)

r ne g [ [ i ] ]<−u n i o n S p a t i a l P o l y g o n s ( rneg [ [ i ] ] , r e p ( 1 , l e n g t h ( rneg [ [ i ] ] ) ) ) #

p u t a d j a c e n t po l y g o n s t o g e t h e r

r ne g [ [ i ] ]<−d i s a g g r e g a t e ( rneg [ [ i ] ] ) # d i s a g g r e g a t e i n t o m u l t i p l e p o l y g o ns

}
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#some v i s u a l c h e c k s

# p l o t ( r p o s [ [ 1 1 ] ] , c o l =" r e d " )

#OPTION ( recommended ) : remove p o l y g o ns wi th a r e a < t a u deg

# i f t h e a r e a o f t h e e s c a l a t i o n i s ve ry smal l , t h e p r o b a b i l i t y o f f i n d i n g

o b s e r v a t i o n s i s c l o s e t o 0 t o o . T h e r e f o r e , we s u g g e s t t o remove ve r y

s m a l l p o l y g o ns .

# t h r e s h o l d a r e a : t a u

t a u<−0 . 2 5 # ( 0 . 2 5 c o r r e s p o n d s t o PRIO−g r i d c e l l a r e a )

a r e a s p o s<− l i s t ( )

maxareaspos<− l i s t ( )

i n d e x p o s<− l i s t ( )

a r e a s n e g<− l i s t ( )

maxareasneg<− l i s t ( )

i n d e x n e g<− l i s t ( ) # l e n g t h r p o s idem rneg

f o r ( i i n 1 : l e n g t h ( r p o s ) ) {

# c a l c u l a t e a r e a s o f a l l p o l y g on s i n c l u d e d i n e s c a l a t i o n a r e a s f o r each

y e a r

a r e a s p o s [ [ i ] ]<− s a p p l y ( s l o t ( r p o s [ [ i ] ] , " p o ly g o n s " ) , f u n c t i o n ( x ) s a p p l y (

s l o t ( x , " Po lygons " ) , s l o t , " a r e a " ) )

maxareaspos [ [ i ] ]<−s a p p l y ( a r e a s p o s [ [ i ] ] , max ) # i n c a s e o f p o s s i b l e d i v i d e d

p o l y g on s keep t h e one wi th h i g h e s t a r e a ( i s r e q u i r e d f o r f o l l o w i n g

s t e p s )

i n d e x p o s [ [ i ] ] <− which ( maxareaspos [ [ i ] ] > t a u ) # f i n d p o s i t i o n where a r e a >

t a u

a r e a s n e g [ [ i ] ]<− s a p p l y ( s l o t ( rneg [ [ i ] ] , " p o ly g o n s " ) , f u n c t i o n ( x ) s a p p l y (

s l o t ( x , " Po lygons " ) , s l o t , " a r e a " ) )

maxareasneg [ [ i ] ]<−s a p p l y ( a r e a s n e g [ [ i ] ] , max ) # i n c a s e o f p o s s i b l e d i v i d e d

p o l y g on s keep t h e one wi th h i g h e s t a r e a ( i s r e q u i r e d f o r f o l l o w i n g

s t e p s )

i n d e x n e g [ [ i ] ] <− which ( maxareasneg [ [ i ] ] > t a u ) # f i n d p o s i t i o n where a r e a >

t a u

}

# keep polygon wi th a rea > t a u

e s c p o s n e t<− l i s t ( )

e s c n e g n e t<− l i s t ( )

f o r ( i i n 1 : l e n g t h ( r p o s ) ) {# l e n g t h r p o s idem rneg . . .

e s c p o s n e t [ [ i ] ]<− r p o s [ [ i ] ] [ i n d e x p o s [ [ i ] ] , ] # keep polygon wi th a rea > t a u

e s c n e g n e t [ [ i ] ]<−r ne g [ [ i ] ] [ i n d e x n e g [ [ i ] ] , ] # keep polygon wi th a rea > t a u

}
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# e x t r a c t e s c a l a t i o n / de−e s c a l a t i o n v a l u e s from r a s t e r t o p o l y g o ns

#OPTION : t a k e max f o r e s c a l a t i o n and min f o r de−e s c a l a t i o n t o c a p t u r e

e s c l a t i o n / de−e s c a l a t i o n t h a t o c c u r i n a r e a s w i t h i n t h e e n t i r e po lygon

w i t h o u t t h e r e q u i r e m e n t t o o c c u r eve rywhere w i t h i n t h e po lygon .

p o s v a l u e<− l i s t ( )

n e g v a l u e<− l i s t ( )

f o r ( i i n 1 : l e n g t h ( e s c p o s n e t ) ) {# l e n g t h r p o s idem rneg . . .

p o s v a l u e [ [ i ] ]<− e x t r a c t ( r a s p o s [ [ i ] ] , e s c p o s n e t [ [ i ] ] , fun =max , d f =TRUE)

n e g v a l u e [ [ i ] ]<− e x t r a c t ( r a s n e g [ [ i ] ] , e s c n e g n e t [ [ i ] ] , fun =min , d f =TRUE)

}

# e x t r a c t l e t h a l e v e n t s f o r each y e a r from 2002−2013

l e t <− l i s t ( )

f o r ( i i n 1 : 1 2 ) {

l e t [ [ i ] ]<−GTD1[ which (GTD1$ n k i l l > 0 & GTD1$ i y e a r ==2001+ i ) , ]

}

# c r e a t e s p a t i a l p o i n t s f o r each y e a r ( r e q u i r e d t o c o u n t p o i n t s i n

po lygon )

WGS84="+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+ e l l p s =WGS84"

p l e t<− l i s t ( )

f o r ( i i n 1 : 1 2 ) {

p l e t [ [ i ] ]<−S p a t i a l P o i n t s ( c b i n d ( l e t [ [ i ] ] $ l o n g i t u d e , l e t [ [ i ] ] $ l a t i t u d e ) ) #

c r e a t e s p a t i a l p o i n t s

p r o j 4 s t r i n g ( p l e t [ [ i ] ] ) = CRS(WGS84)

}

# c o u n t i n g o b s e r v e d number o f l e t h a l a t t a c k s i n e s c a l a t i o n a r e a s i n TIME

T+1

r e q u i r e ( GISTools )

n b l e t<− l i s t ( )

f o r ( i i n 1 : 1 1 ) {#TIME T+1: 11 o b s e r v a t i o n s o f l e t h a l a t t a c k s from 2003 t o

2013

n b l e t [ [ i ] ]<−po ly . c o u n t s ( p l e t [ [ i + 1 ] ] , e s c p o s n e t [ [ i ] ] ) # c o u n t l e t h a l

a t t a c k s i n h o t s p o t

}

# c o u n t i n g o b s e r v e d number o f l e t h a l a t t a c k s i n e s c a l a t i o n a r e a s i n TIME

T

n b l e t 2<− l i s t ( )

f o r ( i i n 1 : 1 1 ) {#TIME T−1: 11 o b s e r v a t i o n s o f l e t h a l a t t a c k s from 2002

t o 2012

n b l e t 2 [ [ i ] ]<−po ly . c o u n t s ( p l e t [ [ i ] ] , e s c p o s n e t [ [ i ] ] ) # c o u n t l e t h a l

a t t a c k s i n h o t s p o t
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}

# compute t h e r a i o between nb l e t h a l e v e n t s from 2003 t o 2013 ( For ex .

2003 i n d e x e s r a t i o 2003 / 2002)

d e l t a e s c<− l i s t ( )

f o r ( i i n 1 : 1 1 ) {

d e l t a e s c [ [ i ] ]<−n b l e t [ [ i ] ] / n b l e t 2 [ [ i ] ] # compute t h e d i f f e r e n c e between

p r o p o r t i o n o f l e t h a l a t t a c k .

}

# p u t e s c a l a t i o n and de−e s c a l a t i o n d a t a f r a m e t o g e t h e r

e s c a l d f<− l i s t ( )

f o r ( i i n 1 : 1 1 ) {

e s c a l d f [ [ i ] ]<−merge ( p o s v a l u e [ [ i ] ] , n e g v a l u e [ [ i ] ] , by= ’ ID ’ )

co lnames ( e s c a l d f [ [ i ] ] ) <− c ( " ID " , " p o s e s c " , " ne ge s c " )

}

# c r e a t e d a t a f r a m e wi th d e l t a v a l u e s o f r a t i o l e t h a l a t t a c k

d e l t a e s c d f<− l i s t ( )

f o r ( i i n 1 : 1 1 ) {

d e l t a e s c d f [ [ i ] ]<−as . d a t a . f rame ( ( d e l t a e s c [ [ i ] ] ) )

d e l t a e s c d f [ [ i ] ] $ID<−seq . i n t ( nrow ( d e l t a e s c d f [ [ i ] ] ) ) # add i d column

colnames ( d e l t a e s c d f [ [ i ] ] ) <− c ( " d e l t a e s c " , " ID " )

}

# merge bo th d a t a f r a m e s

e s c a l a t i o n <− l i s t ( )

f o r ( i i n 1 : 1 1 ) {

e s c a l a t i o n [ [ i ] ]<−merge ( e s c a l d f [ [ i ] ] , d e l t a e s c d f [ [ i ] ] , by=" ID " )

}

# p u t t i n g a l l t o g e t h e r

e s c a l a t i o n <− r b i n d ( e s c a l a t i o n [ [ 1 ] ] , e s c a l a t i o n [ [ 2 ] ] , e s c a l a t i o n [ [ 3 ] ] ,

e s c a l a t i o n [ [ 4 ] ] , e s c a l a t i o n [ [ 5 ] ] , e s c a l a t i o n [ [ 6 ] ] ,

e s c a l a t i o n [ [ 7 ] ] , e s c a l a t i o n [ [ 8 ] ] , e s c a l a t i o n [ [ 9 ] ] , e s c a l a t i o n

[ [ 1 0 ] ] , e s c a l a t i o n [ [ 1 1 ] ] )

# d e f i n e t h r e s h o l d o f t h e r a t i o f o r an e s c a l a t i o n t o be s i g n i f i c a n t

e s c a l t <−1 . 1

# d e f i n e t h r e s h o l d o f t h e r a t i o f o r an e s c a l a t i o n t o be s i g n i f i c a n t

d e s c a l t<−0 . 9

# c r e a t i n g s c o r e v a r i a b l e s wi th r e g a r d t o p r e d i c i t o n o f e s c a l a t i o n / de−
e s c a l a t i o n

e s c a l a t i o n $ t o t e s c p r e d<− i f e l s e ( e s c a l a t i o n $ posesc > 0 , 1 , 0 )

e s c a l a t i o n $ e s c p r e d<− i f e l s e ( e s c a l a t i o n $ posesc >0 & e s c a l a t i o n $ d e l t a e s c >

e s c a l t , 1 , 0 )
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e s c a l a t i o n $ t o t d e e s c p r e d<− i f e l s e ( e s c a l a t i o n $ negesc < 0 , 1 , 0 )

e s c a l a t i o n $ d e e s c p r e d<− i f e l s e ( e s c a l a t i o n $ negesc <0 & e s c a l a t i o n $ d e l t a e s c <

d e s c a l t , 1 , 0 )

# c a l c u l a t e t h e p r o p o r t i o n o f good e s c a l a t i o n p r e d i c t i o n

sum ( e s c a l a t i o n $ e s c p r e d , na . rm=TRUE)

sum ( e s c a l a t i o n $ t o t e s c p r e d , na . rm=TRUE)

sum ( e s c a l a t i o n $ e s c p r e d , na . rm=TRUE) / sum ( e s c a l a t i o n $ t o t e s c p r e d , na . rm=TRUE)

# c a l c u l a t e t h e p r o p o r t i o n o f good de−e s c a l a t i o n p r e d i c t i o n

sum ( e s c a l a t i o n $ d e e s c p r e d , na . rm=TRUE)

sum ( e s c a l a t i o n $ t o t d e e s c p r e d , na . rm=TRUE)

sum ( e s c a l a t i o n $ d e e s c p r e d , na . rm=TRUE) / sum ( e s c a l a t i o n $ t o t d e e s c p r e d , na . rm=

TRUE)

# c a l c u l a t e sum of o r i g i n a l e s c a l a t i o n a r e a s ( b e f o r e sample r e d u c t i o n

wi th a r e a s > t a u )

l e n<−v e c t o r ( )

f o r ( i i n 1 : 1 1 ) {

l e n [ [ i ] ]<− l e n g t h ( r p o s [ [ i ] ] )

}

sum ( l e n )

# c a l c u l a t e sum of e s c a l a t i o n a r e a s ( a f t e r sample r e d u c t i o n wi th a r e a s >

t a u )

l e n e s c<−v e c t o r ( )

f o r ( i i n 1 : 1 1 ) {

l e n e s c [ [ i ] ]<− l e n g t h ( e s c p o s n e t [ [ i ] ] )

}

sum ( l e n e s c )

# end

D.4 Detection of Diffusion Processes

This is the code used to assess the performance of the model with regard to the diffusion

and dissipation of the lethality of terrorism and real observations.

#SPATIO−TEMPORAL MODELLING / B e r n o u l l i model o f l t h e p r o b a b i l i t y o f

l e t h a l e v e n t s wor ldwide 2002−2013

#The code a s s e s s e s t h e p e r f o r m a n c e o f t h e model wi th r e g a r d t o t h e

c o n t a g i o u s d i f f u s i o n o f t h e l e t h a l i t y o f t e r r o r i s m and r e a l

o b s e r v a t i o n s .
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se twd ( "~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / S T b i n o m i a l t o t a l " )

rm ( l i s t = l s ( ) )

l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / SPDE . RData " )

l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / S T b i n o m i a l t o t a l / STbin _

d i f f u s i o n . RData " )

r e q u i r e ( f o r e i g n )

r e q u i r e ( sp )

l i b r a r y ( INLA )

l i b r a r y ( s p a t s t a t )

l i b r a r y ( f i e l d s )

l i b r a r y ( m a p t o o l s )

l i b r a r y ( f i e l d s )

l i b r a r y ( l a t t i c e )

r e q u i r e ( r g e o s )

r e q u i r e ( r a s t e r )

r e q u i r e ( r g d a l )

r e q u i r e ( p l y r )

r e q u i r e ( g g p l o t 2 )

# I d e n t i f y ( c o n t a g i o u s ) d i f f u s i o n a r e a s from 2003 t o 2013

# c o n t e n t o f d a t a f r a m e s : d i f f p o s : i f p o s i t i v e means c o n t a g i o u s d i f f ;

d i f f n e g : i f n e g a t i v e , means r e t r a c t i o n .

#OPTION d e l e t e b u f f e r a r e a s s m a l l e r t h a n t a u deg . : remove p o l y g o n s wi th

a r e a < t a u deg .

# t h r e s h o l d a r e a : t a u

t a u<−0 . 5 # ( 0 . 5 c o r r e s p o n d s t o one−h a l f o f PRIO−g r i d c e l l a r e a )

a r e a s d i f f <− l i s t ( )

m a x a r e a s d i f f<− l i s t ( )

i n d e x d i f f<− l i s t ( )

d i f f d i s a g <− l i s t ( )

f o r ( j i n 1 : l e n g t h ( d i f f n e t d f ) ) {

# c a l c u l a t e a r e a s o f a l l p o l y g on s i n c l u d e d i n b u f f e r a r e a s f o r each y e a r

a r e a s d i f f [ [ j ] ]<− gArea ( d i f f n e t d f [ [ j ] ] , by id =TRUE)

i n d e x d i f f [ [ j ] ] <− which ( a r e a s d i f f [ [ j ] ] > t a u ) # f i n d p o s i t i o n where a r e a >

t a u

}

# keep polygon wi th a rea > t a u

d i f f p o l y n e t d f<− l i s t ( )

f o r ( j i n 1 : l e n g t h ( d i f f n e t d f ) ) {
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d i f f p o l y n e t d f [ [ j ] ]<− d i f f n e t d f [ [ j ] ] [ i n d e x d i f f [ [ j ] ] , ] # keep polygon wi th

a rea > t a u

}

# e x t r a c t l e t h a l and non− l e t h a l e v e n t s f o r each y e a r from 2002−2013

l e t <− l i s t ( )

f o r ( i i n 1 : 1 2 ) {

l e t [ [ i ] ]<−GTD1[ which (GTD1$ n k i l l > 0 & GTD1$ i y e a r ==2001+ i ) , ]

}

n l e t<− l i s t ( )

f o r ( i i n 1 : 1 2 ) {

n l e t [ [ i ] ]<−GTD1[ which (GTD1$ n k i l l == 0 & GTD1$ i y e a r ==2001+ i ) , ]

}

# c r e a t e s p a t i a l p o i n t s f o r each y e a r ( r e q u i r e d t o c o u n t p o i n t s i n

po lygon )

WGS84="+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+ e l l p s =WGS84"

p l e t<− l i s t ( )

p n l e t<− l i s t ( )

f o r ( i i n 1 : 1 2 ) {

p l e t [ [ i ] ]<−S p a t i a l P o i n t s ( c b i n d ( l e t [ [ i ] ] $ l o n g i t u d e , l e t [ [ i ] ] $ l a t i t u d e ) ) #

c r e a t e s p a t i a l p o i n t s

p n l e t [ [ i ] ]<−S p a t i a l P o i n t s ( c b i n d ( n l e t [ [ i ] ] $ l o n g i t u d e , n l e t [ [ i ] ] $ l a t i t u d e

) )

p r o j 4 s t r i n g ( p l e t [ [ i ] ] ) = CRS(WGS84)

p r o j 4 s t r i n g ( p n l e t [ [ i ] ] ) = CRS(WGS84)

}

# c o u n t i n g o b s e r v e d p r o p o r t i o n o f l e t h a l and non− l e t h a l a t t a c k s i n

e s c a l a t i o n a r e a s i n TIME T+1

r e q u i r e ( GISTools )

n b l e t<− l i s t ( )

n b n l e t<− l i s t ( )

p r o p l e t<− l i s t ( )

f o r ( i i n 1 : 1 1 ) {#TIME T+1: 11 o b s e r v a t i o n s o f l e t h a l a t t a c k s from 2003 t o

2013

n b l e t [ [ i ] ]<−po ly . c o u n t s ( p l e t [ [ i + 1 ] ] , d i f f p o l y n e t d f [ [ i ] ] ) # c o u n t l e t h a l

a t t a c k s i n h o t s p o t

n b n l e t [ [ i ] ]<−po ly . c o u n t s ( p n l e t [ [ i + 1 ] ] , d i f f p o l y n e t d f [ [ i ] ] ) # c o u n t non

l e t h a l a t t a c k s i n h o t s p o t

p r o p l e t [ [ i ] ]<−n b l e t [ [ i ] ] / ( n b l e t [ [ i ] ] + n b n l e t [ [ i ] ] ) # compute t h e

p r o p o r t i o n o f l e t h a l a t t a c k i n h o t s p o t

}
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# c o u n t i n g o b s e r v e d p r o p o r t i o n o f l e t h a l and non− l e t h a l a t t a c k s i n

e s c a l a t i o n a r e a s i n TIME T−1

n b l e t 2<− l i s t ( )

n b n l e t 2<− l i s t ( )

p r o p l e t 2<− l i s t ( )

f o r ( i i n 1 : 1 1 ) {#TIME T−1: 11 o b s e r v a t i o n s o f l e t h a l a t t a c k s from 2002 t o

2012

n b l e t 2 [ [ i ] ]<−po ly . c o u n t s ( p l e t [ [ i ] ] , d i f f p o l y n e t d f [ [ i ] ] ) # c o u n t l e t h a l

a t t a c k s i n h o t s p o t

n b n l e t 2 [ [ i ] ]<−po ly . c o u n t s ( p n l e t [ [ i ] ] , d i f f p o l y n e t d f [ [ i ] ] ) # c o u n t non

l e t h a l a t t a c k s i n h o t s p o t

p r o p l e t 2 [ [ i ] ]<−n b l e t 2 [ [ i ] ] / ( n b l e t 2 [ [ i ] ] + n b n l e t 2 [ [ i ] ] ) # compute t h e

p r o p o r t i o n o f l e t h a l a t t a c k i n h o t s p o t

}

# compute t h e r a t i o i n prop . l e t h a l e v e n t s from 2003 t o 2013 ( For ex .

2003 i n d e x e s d i f f . 2003−2002)

d e l t a d i f f <− l i s t ( )

f o r ( i i n 1 : 1 1 ) {

d e l t a d i f f [ [ i ] ]<−p r o p l e t [ [ i ] ] / ( p r o p l e t 2 [ [ i ] ] ) # compute t h e r a t i o between

p r o p o r t i o n o f l e t h a l a t t a c k

}

# c r e a t e d a t a f r a m e wi th d e l t a v a l u e s o f prop . l e t h a l a t t a c k

d e l t a d i f f d f <− l i s t ( )

f o r ( i i n 1 : 1 1 ) {

d e l t a d i f f d f [ [ i ] ]<−as . d a t a . f rame ( ( d e l t a d i f f [ [ i ] ] ) )

d e l t a d i f f d f [ [ i ] ] $ID<−seq . i n t ( nrow ( d e l t a d i f f d f [ [ i ] ] ) ) # add i d column

colnames ( d e l t a d i f f d f [ [ i ] ] ) <− c ( " d e l t a d i f f " , " ID " )

}

# merge bo th d a t a f r a m e s

f o r ( j i n 1 : 1 1 ) {

d i f f p o l y n e t d f [ [ j ] ] @data <− d a t a . f rame ( d i f f p o l y n e t d f [ [ j ] ] @data ,

d e l t a d i f f d f [ [ j ] ] [ match ( d i f f p o l y n e t d f [ [ j ] ] @data [ , ’N’ ] ,

d e l t a d i f f d f [ [ j ] ] [ , ’ ID ’ ] ) , ] ) #N i s name of v a r i a b l e o f s p d f and

ID name of v a r i a b l e o f d f which a r e t h e common v a r i a b l e on

which t h e merge i s e x e c u t e d .

}

# p u t t i n g a l l t o g e t h e r

d i f f u s i o n<− r b i n d ( d i f f p o l y n e t d f [ [ 1 ] ] @data , d i f f p o l y n e t d f [ [ 2 ] ] @data ,

d i f f p o l y n e t d f [ [ 3 ] ] @data , d i f f p o l y n e t d f [ [ 4 ] ] @data , d i f f p o l y n e t d f [ [ 5 ] ]

@data , d i f f p o l y n e t d f [ [ 6 ] ] @data ,
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d i f f p o l y n e t d f [ [ 7 ] ] @data , d i f f p o l y n e t d f [ [ 8 ] ] @data ,

d i f f p o l y n e t d f [ [ 9 ] ] @data , d i f f p o l y n e t d f [ [ 1 0 ] ] @data ,

d i f f p o l y n e t d f [ [ 1 1 ] ] @data )

# d e f i n e t h r e s h o l d o f t h e r a t i o f o r a d i f f u s i o n t o be s i g n i f i c a n t

d i f f t <−1 . 1

# d e f i n e t h r e s h o l d o f t h e r a t i o f o r a d i s s i p a t i o n t o be s i g n i f i c a n t

d i s s t <−0 . 9

# c r e a t i n g s c o r e v a r i a b l e s wi th r e g a r d t o p r e d i c i t o n o f d i f f u s i o n / de−
d i f f u s i o n

d i f f u s i o n $ t o t d i f f p r e d <− i f e l s e ( d i f f u s i o n $ d i f f p o s > 0 , 1 , 0 )

d i f f u s i o n $ d i f f p r e d<− i f e l s e ( d i f f u s i o n $ d i f f p o s >0 & d i f f u s i o n $ d e l t a d i f f >=

d i f f t , 1 , 0 )

d i f f u s i o n $ t o t n e g d i f f p r e d<− i f e l s e ( d i f f u s i o n $ d i f f n e g < 0 , 1 , 0 )

d i f f u s i o n $ n e g d i f f p r e d<− i f e l s e ( d i f f u s i o n $ d i f f n e g <0 & d i f f u s i o n $ d e l t a d i f f

<= d i s s t , 1 , 0 )

# c a l c u l a t e t h e p r o p o r t i o n o f good d i f f u s i o n p r e d i c t i o n

sum ( d i f f u s i o n $ d i f f p r e d , na . rm=TRUE)

sum ( d i f f u s i o n $ t o t d i f f p r e d , na . rm=TRUE)

sum ( d i f f u s i o n $ d i f f p r e d , na . rm=TRUE) / sum ( d i f f u s i o n $ t o t d i f f p r e d , na . rm=TRUE)

# c a l c u l a t e t h e p r o p o r t i o n o f good d i s s i p a t i o m ( or n e g a t i v e d i f f u s i o n )

p r e d i c t i o n

sum ( d i f f u s i o n $ n e g d i f f p r e d , na . rm=TRUE)

sum ( d i f f u s i o n $ t o t n e g d i f f p r e d , na . rm=TRUE)

sum ( d i f f u s i o n $ n e g d i f f p r e d , na . rm=TRUE) / sum ( d i f f u s i o n $ t o t n e g d i f f p r e d , na . rm

=TRUE)

# c a l c u l a t e sum of o r i g i n a l b u f f e r a r e a s ( b e f o r e sample r e d u c t i o n wi th

a r e a s > t a u )

l e n<−v e c t o r ( )

f o r ( i i n 1 : 1 1 ) {

l e n [ [ i ] ]<− l e n g t h ( d i f f n e t [ [ i ] ] )

}

sum ( l e n )

# c a l c u l a t e sum of b u f f e r a r e a s ( a f t e r sample r e d u c t i o n wi th a r e a s > t a u )

l e n p o l y<−v e c t o r ( )

f o r ( i i n 1 : 1 1 ) {

l e n p o l y [ [ i ] ]<− l e n g t h ( d i f f p o l y n e t d f [ [ i ] ] )

}

sum ( l e n p o l y )

#OBSERVED DIFFUSION :
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# look a t o b s e r v e d d i f f u s i o n and keep p o l y g o ns on ly where d i f f u s i o n i s

o b s e r v e d .

o b s d i f f<− l i s t ( )

keep<− l i s t ( )

f o r ( i i n 1 : 1 1 ) {

keep [ [ i ] ] <− ! i s . na ( d i f f p o l y n e t d f [ [ i ] ] @data$ d e l t a d i f f ) # i n d e x po lygon

t h a t do n o t c o n t a i n NA i n t h e o b s e r v e d d i f f e r e n c e i n t h e prop . o f

l e t h a l a t t a c k i n b u f f e r a r e a s

o b s d i f f [ [ i ] ]<− d i f f p o l y n e t d f [ [ i ] ] [ keep [ [ i ] ] , ] # keep t h e d e s i r e d p o l y g on s

( which c o n t a i n no NA)

}

keep<− l i s t ( )

f o r ( i i n 1 : 1 1 ) {

keep [ [ i ] ] <− o b s d i f f [ [ i ] ] @data$ d e l t a d i f f ==0 # i n d e x polygon t h a t do

n o t c o n t a i n 0 i n t h e o b s e r v e d d i f f e r e n c e i n t h e prop . o f l e t h a l

a t t a c k i n b u f f e r a r e a s

o b s d i f f [ [ i ] ]<− o b s d i f f [ [ i ] ] [ ! keep [ [ i ] ] , ] # keep t h e d e s i r e d p o l y g o n s (

which c o n t a i n no 0)

}

# keep h o t s p o t s t h a t a r e r e l a t e d t o o b s e r v e d d i f f u s i o n

# d e l e t e f i r s t h o t s p o t y e a r t o keep 2003 t o 2013 ( r a t h e r t h a n 2002 t o

2013)

h o t r p o l y [ [ 1 ] ] <− NULL

o b s h o t<− l i s t ( ) # t h e h o t s p o t s t o be k e p t

n e g b u f f<− l i s t ( )

f o r ( i i n 1 : 1 1 ) {

n e g b u f f [ [ i ] ]<−g D i f f e r e n c e ( s t u d y a r e a , o b s d i f f [ [ i ] ] ) # l o c a t e a r e a s i n t h e

s t u d y a r e a e x c e p t d i f f u s i o n p o l y g o n s which i n c l u d e s o r i g i n a l h o t s p o t s

p r o j 4 s t r i n g ( h o t r p o l y [ [ i ] ] ) <−CRS( p r o j 4 s t r i n g ( n e g b u f f [ [ i ] ] ) ) # p r o j e c t i o n o f

h o t s p o t s t o run s p a t i a l o p e r a t i o n

o b s h o t [ [ i ] ]<− g I n t e r s e c t i o n ( n e g b u f f [ [ i ] ] , h o t r p o l y [ [ i ] ] ) # keep h o t s p o t s

t h a t a r e w i t h i n o r g i n a l h o t s p o t s ( n o t e t h a t h o t s p o t s which do n o t

l e a d t o s i g n i f i c a n t c o n t a g i o u s d i f f u s i o n o r r e t r a c t i o n a r e a l s o

i n c l u d e d )

}

# c o u n t nb . o f " t r u e " h o t s p o t s

nbho t<− l i s t ( )

f o r ( j i n 1 : 1 1 ) {

nbho t [ [ j ] ]<− l e n g t h ( d i s a g g r e g a t e ( o b s h o t [ [ j ] ] ) ) }

# nbho t<−nbho t [ c (−1 ,−2) ]
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Reduce ( "+" , nbho t ) #nb . o f h o t s p o t s 213

# c o u n t nb . o f s i g n . ne ighbou rhood a r e a s ( t o t a l o f 53)

n b d i f f<− l i s t ( )

f o r ( j i n 1 : 1 1 ) {

n b d i f f [ [ j ] ]<− l e n g t h ( d i s a g g r e g a t e ( o b s d i f f [ [ j ] ] ) ) }

# n b d i f f<−n b d i f f [ c (−1 ,−2) ]

Reduce ( "+" , n b d i f f ) #nb . o f h o t s p o t s wi th d i f f : 60

# c o u n t nb . o f ne ighbou rhood a r e a s wi th s i d g n i f i c a n t d i f f u s i o n /

d i s s i p a t i o n ( > 0 . 1 )

#some v i s u a l c h e c k s

# p l o t ( h o t r p o l y [ [ 2 ] ] , c o l =" r e d " , x l im =c ( 3 0 , 7 0 ) , y l im =c ( 2 2 , 2 7 ) )

# p l o t ( s t u d y a r e a , add=TRUE)

# p l o t ( o b s d i f f [ [ 2 ] ] , c o l =" g r e e n " , add=TRUE)

# p l o t ( o b s h o t [ [ 2 ] ] , c o l =" ye l l o w " , add=TRUE)

# v i s u a l p l o t o f an example o f d i f f u s i o n i n I r a q

# r e q u i r e ( shape )

# p l o t . new ( )

# dev . o f f ( )

# mypath ="~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / S T b i n o m i a l t o t a l /

d i f f u s i o n / schema . png "

# png ( f i l e =mypath , wid th =980 , h e i g h t =720)

# p a r ( cex = 2 . 5 , mar=c ( 4 . 9 , 4 . 2 , 1 . 4 , 0 . 1 ) ) #mar : c ( bottom , l e f t , top , r i g h t )

# p l o t ( h o t r p o l y [ [ 6 ] ] , c o l =" g r e e n " , x l im =c ( 4 4 . 5 , 4 5 ) , y l im =c ( 3 1 , 3 7 ) , y a x t =" n " ,

x a x t =" n " , x l a b = " " , y l a b = " " )

# p l o t ( o b s d i f f [ [ 6 ] ] [ 4 , ] , c o l =" grey25 " , add=TRUE)

# p l o t ( c o u n t r y , add=TRUE)

# a x i s ( 1 , a t =c ( 3 8 , 4 0 , 4 2 , 4 4 , 4 6 , 4 8 ) , l a b e l s =c ( 3 8 , 4 0 , 4 2 , 4 4 , 4 6 , 4 8 ) , cex =2 , c o l

. a x i s =" b l a c k " , pos =30)

# a x i s ( 2 , a t =c ( 3 0 , 3 1 , 3 2 , 3 3 , 3 4 , 3 5 , 3 6 , 3 7 , 3 8 ) , l a b e l s =c ( 3 0 ,NA, 3 2 ,NA, 3 4 ,NA

, 3 6 ,NA, 3 8 ) , pos =38 , cex =2 , c o l . a x i s =" b l a c k " )

# mtex t ( s i d e = 2 , cex =2 , t e x t = " L a t i t u d e " , l i n e = 2 . 5 )

# mtex t ( s i d e = 1 , cex =2 , t e x t = " L o n g i t u d e " , l i n e = 3 . 6 , a d j = 0 . 3 5 )

# t e x t ( 4 0 , 31 , l a b e l s = " Saud i Ar a b i a " , cex =1)

# t e x t ( 4 2 . 5 , 3 3 . 2 , l a b e l s = " I r a q " , cex =1)

# t e x t ( 3 9 . 1 , 3 6 . 2 , l a b e l s = " S y r i a " , cex =1)

# Arrows ( 4 3 . 2 , 3 4 . 2 , 4 3 . 5 , 3 5 , code = 2 , a r r . c o l = " r e d " , lwd =5 , a r r . l e n g t h

= 0 . 7 , l c o l =" r e d " , a r r . t y p e = " c u r ve d " )
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# Arrows ( 4 1 . 3 , 3 4 . 4 , 4 0 . 6 , 3 4 . 9 , code = 2 , a r r . c o l = " r e d " , lwd =5 , a r r . l e n g t h

= 0 . 7 , l c o l =" r e d " , a r r . t y p e = " c u r ve d " )

# Arrows ( 4 2 . 7 , 3 2 . 1 , 4 2 . 4 , 3 1 . 3 , code = 2 , a r r . c o l = " r e d " , lwd =5 , a r r . l e n g t h

= 0 . 7 , l c o l =" r e d " , a r r . t y p e = " c u r ve d " )

# Arrows ( 4 6 , 3 3 . 3 , 4 6 . 9 , 3 3 . 5 , code = 2 , a r r . c o l = " r e d " , lwd =5 , a r r . l e n g t h

= 0 . 7 , l c o l =" r e d " , a r r . t y p e = " c u r ve d " )

# dev . o f f ( )

s ave . image ( "~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / d i f f u s i o n _

modelvsobs . RData " )

# end

# l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / d i f f u s i o n _ modelvsobs .

RData " )

This is the code used to assess the performance of the model with regard to the diffusion

and dissipation of the number of lethal attacks and real observations.

#SPATIO−TEMPORAL MODELLING / P o i s s o n model o f t h e number o f l e t h a l

e v e n t s wor ldwide 2002−2013

#The code a s s e s s e s t h e p e r f o r m a n c e o f t h e model wi th r e g a r d t o t h e

c o n t a g i o u s d i f f u s i o n o f l e t h a l t e r r o r i s m and r e a l o b s e r v a t i o n s .

se twd ( "~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / STpois son " )

rm ( l i s t = l s ( ) )

l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / STpoi s son / SPDE_ n b e v e n t s

_ f i n a l . RData " )

l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / STpoi s son / STpoi _

d i f f u s i o n . RData " )

r e q u i r e ( f o r e i g n )

r e q u i r e ( sp )

l i b r a r y ( INLA )

l i b r a r y ( s p a t s t a t )

l i b r a r y ( f i e l d s )

l i b r a r y ( m a p t o o l s )

l i b r a r y ( f i e l d s )

l i b r a r y ( l a t t i c e )

r e q u i r e ( r g e o s )

r e q u i r e ( r a s t e r )

r e q u i r e ( r g d a l )

r e q u i r e ( p l y r )

r e q u i r e ( g g p l o t 2 )

# I d e n t i f y ( c o n t a g i o u s ) d i f f u s i o n a r e a s from 2003 t o 2013
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# c o n t e n t o f d a t a f r a m e s : d i f f p o s : i f p o s i t i v e means c o n t a g i o u s d i f f ;

d i f f n e g : i f n e g a t i v e , means r e t r a c t i o n .

# e x t r a c t l e t h a l e v e n t s f o r each y e a r from 2002−2013

l e t <− l i s t ( )

f o r ( i i n 1 : 1 2 ) {

l e t [ [ i ] ]<−GTD1[ which (GTD1$ n k i l l > 0 & GTD1$ i y e a r ==2001+ i ) , ]

}

# c r e a t e s p a t i a l p o i n t s f o r each y e a r ( r e q u i r e d t o c o u n t p o i n t s i n

po lygon )

WGS84="+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+ e l l p s =WGS84"

p l e t<− l i s t ( )

f o r ( i i n 1 : 1 2 ) {

p l e t [ [ i ] ]<−S p a t i a l P o i n t s ( c b i n d ( l e t [ [ i ] ] $ l o n g i t u d e , l e t [ [ i ] ] $ l a t i t u d e ) ) #

c r e a t e s p a t i a l p o i n t s

p r o j 4 s t r i n g ( p l e t [ [ i ] ] ) = CRS(WGS84)

}

# c o u n t i n g o b s e r v e d nb of l e t h a l a t t a c k s i n e s c a l a t i o n a r e a s i n TIME T+1

r e q u i r e ( GISTools )

d i f f p o l y n e t d f<− l i s t ( )

n b l e t<− l i s t ( )

f o r ( i i n 1 : 1 1 ) {#TIME T+1: 11 o b s e r v a t i o n s o f l e t h a l a t t a c k s from 2003 t o

2013

d i f f p o l y n e t d f [ [ i ] ]<− d i f f n e t d f [ [ i ] ]

n b l e t [ [ i ] ]<−po ly . c o u n t s ( p l e t [ [ i + 1 ] ] , d i f f p o l y n e t d f [ [ i ] ] ) # c o u n t l e t h a l

a t t a c k s i n h o t s p o t

}

# c o u n t i n g o b s e r v e d nb of l e t h a l a t t a c k s i n e s c a l a t i o n a r e a s i n TIME T−1

n b l e t 2<− l i s t ( )

f o r ( i i n 1 : 1 1 ) {#TIME T−1: 11 o b s e r v a t i o n s o f l e t h a l a t t a c k s from 2002 t o

2012

n b l e t 2 [ [ i ] ]<−po ly . c o u n t s ( p l e t [ [ i ] ] , d i f f p o l y n e t d f [ [ i ] ] ) # c o u n t l e t h a l

a t t a c k s i n h o t s p o t

}

# compute t h e r a t i o i n nb . l e t h a l e v e n t s from 2003 t o 2013 ( For ex . 2003

i n d e x e s d i f f . 2003−2002)

d e l t a d i f f <− l i s t ( )

f o r ( i i n 1 : 1 1 ) {

d e l t a d i f f [ [ i ] ]<−n b l e t [ [ i ] ] / ( n b l e t 2 [ [ i ] ] ) # compute t h e r a t i o between nb

of l e t h a l a t t a c k

}
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# c r e a t e d a t a f r a m e wi th d e l t a v a l u e s o f nb . l e t h a l a t t a c k

d e l t a d i f f d f <− l i s t ( )

f o r ( i i n 1 : 1 1 ) {

d e l t a d i f f d f [ [ i ] ]<−as . d a t a . f rame ( ( d e l t a d i f f [ [ i ] ] ) )

d e l t a d i f f d f [ [ i ] ] $ID<−seq . i n t ( nrow ( d e l t a d i f f d f [ [ i ] ] ) ) # add i d column

colnames ( d e l t a d i f f d f [ [ i ] ] ) <− c ( " d e l t a d i f f " , " ID " )

}

# merge bo th d a t a f r a m e s

f o r ( j i n 1 : 1 1 ) {

d i f f p o l y n e t d f [ [ j ] ] @data <− d a t a . f rame ( d i f f p o l y n e t d f [ [ j ] ] @data ,

d e l t a d i f f d f [ [ j ] ] [ match ( d i f f p o l y n e t d f [ [ j ] ] @data [ , ’N’ ] ,

d e l t a d i f f d f [ [ j ] ] [ , ’ ID ’ ] ) , ] ) #N i s name of v a r i a b l e o f s p d f and

ID name of v a r i a b l e o f d f which a r e t h e common v a r i a b l e on

which t h e merge i s e x e c u t e d .

}

# p u t t i n g a l l t o g e t h e r

d i f f u s i o n<− r b i n d ( d i f f p o l y n e t d f [ [ 1 ] ] @data , d i f f p o l y n e t d f [ [ 2 ] ] @data ,

d i f f p o l y n e t d f [ [ 3 ] ] @data , d i f f p o l y n e t d f [ [ 4 ] ] @data , d i f f p o l y n e t d f [ [ 5 ] ]

@data , d i f f p o l y n e t d f [ [ 6 ] ] @data ,

d i f f p o l y n e t d f [ [ 7 ] ] @data , d i f f p o l y n e t d f [ [ 8 ] ] @data ,

d i f f p o l y n e t d f [ [ 9 ] ] @data , d i f f p o l y n e t d f [ [ 1 0 ] ] @data ,

d i f f p o l y n e t d f [ [ 1 1 ] ] @data )

# d e f i n e t h r e s h o l d o f t h e r a t i o f o r a d i f f u s i o n t o be s i g n i f i c a n t

d i f f t <−1 . 1

# d e f i n e t h r e s h o l d o f t h e r a t i o f o r a d i s s i p a t i o n t o be s i g n i f i c a n t

d i s s t <−0 . 9

# c r e a t i n g s c o r e v a r i a b l e s wi th r e g a r d t o p r e d i c i t o n o f d i f f u s i o n / de−
d i f f u s i o n

d i f f u s i o n $ t o t d i f f p r e d <− i f e l s e ( d i f f u s i o n $ d i f f p o s > 0 , 1 , 0 )

d i f f u s i o n $ t o t d i f f p r e d <− i f e l s e ( d i f f u s i o n $ d i f f p o s > 0 , 1 , 0 )

d i f f u s i o n $ d i f f p r e d<− i f e l s e ( d i f f u s i o n $ d i f f p o s >0 & d i f f u s i o n $ d e l t a d i f f >=

d i f f t , 1 , 0 )

d i f f u s i o n $ t o t n e g d i f f p r e d<− i f e l s e ( d i f f u s i o n $ d i f f n e g < 0 , 1 , 0 )

d i f f u s i o n $ n e g d i f f p r e d<− i f e l s e ( d i f f u s i o n $ d i f f n e g <0 & d i f f u s i o n $ d e l t a d i f f

<= d i s s t , 1 , 0 )

# c a l c u l a t e t h e p r o p o r t i o n o f good d i f f u s i o n p r e d i c t i o n

sum ( d i f f u s i o n $ d i f f p r e d , na . rm=TRUE)

sum ( d i f f u s i o n $ t o t d i f f p r e d , na . rm=TRUE)

sum ( d i f f u s i o n $ d i f f p r e d , na . rm=TRUE) / sum ( d i f f u s i o n $ t o t d i f f p r e d , na . rm=TRUE)



372 Hotspots and Diffusion Processes of Lethal Terrorism

# c a l c u l a t e t h e p r o p o r t i o n o f good d i s s i p a t i o m ( or n e g a t i v e d i f f u s i o n )

p r e d i c t i o n

sum ( d i f f u s i o n $ n e g d i f f p r e d , na . rm=TRUE)

sum ( d i f f u s i o n $ t o t n e g d i f f p r e d , na . rm=TRUE)

sum ( d i f f u s i o n $ n e g d i f f p r e d , na . rm=TRUE) / sum ( d i f f u s i o n $ t o t n e g d i f f p r e d , na . rm

=TRUE)

# c a l c u l a t e sum of o r i g i n a l b u f f e r a r e a s ( b e f o r e sample r e d u c t i o n wi th

a r e a s > t a u )

l e n<−v e c t o r ( )

f o r ( i i n 1 : 1 1 ) {

l e n [ [ i ] ]<− l e n g t h ( d i f f n e t [ [ i ] ] )

}

sum ( l e n )

# c a l c u l a t e sum of b u f f e r a r e a s ( a f t e r sample r e d u c t i o n wi th a r e a s > t a u )

l e n p o l y<−v e c t o r ( )

f o r ( i i n 1 : 1 1 ) {

l e n p o l y [ [ i ] ]<− l e n g t h ( d i f f p o l y n e t d f [ [ i ] ] )

}

sum ( l e n p o l y )

#OBSERVED DIFFUSION :

# look a t o b s e r v e d d i f f u s i o n and keep p o l y g o ns on ly where d i f f u s i o n i s

o b s e r v e d .

o b s d i f f<− l i s t ( )

keep<− l i s t ( )

f o r ( i i n 1 : 1 1 ) {

keep [ [ i ] ] <− ! i s . na ( d i f f p o l y n e t d f [ [ i ] ] @data$ d e l t a d i f f ) # i n d e x po lygon

t h a t do n o t c o n t a i n NA i n t h e o b s e r v e d d i f f e r e n c e i n t h e prop . o f

l e t h a l a t t a c k i n b u f f e r a r e a s

o b s d i f f [ [ i ] ]<− d i f f p o l y n e t d f [ [ i ] ] [ keep [ [ i ] ] , ] # keep t h e d e s i r e d p o l y g on s

( which c o n t a i n no NA)

}

keep<− l i s t ( )

f o r ( i i n 1 : 1 1 ) {

keep [ [ i ] ] <− o b s d i f f [ [ i ] ] @data$ d e l t a d i f f ==0 # i n d e x polygon t h a t do

n o t c o n t a i n 0 i n t h e o b s e r v e d d i f f e r e n c e i n t h e prop . o f l e t h a l

a t t a c k i n b u f f e r a r e a s

o b s d i f f [ [ i ] ]<− o b s d i f f [ [ i ] ] [ ! keep [ [ i ] ] , ] # keep t h e d e s i r e d p o l y g o n s (

which c o n t a i n no 0)

}

# keep h o t s p o t s t h a t a r e r e l a t e d t o o b s e r v e d d i f f u s i o n
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# d e l e t e f i r s t h o t s p o t y e a r t o keep 2003 t o 2013 ( r a t h e r t h a n 2002 t o

2013)

h o t r p o l y [ [ 1 ] ] <− NULL

o b s h o t<− l i s t ( ) # t h e h o t s p o t s t o be k e p t

n e g b u f f<− l i s t ( )

f o r ( i i n 1 : 1 1 ) {

n e g b u f f [ [ i ] ]<−g D i f f e r e n c e ( s t u d y a r e a , o b s d i f f [ [ i ] ] ) # l o c a t e a r e a s i n t h e

s t u d y a r e a e x c e p t d i f f u s i o n p o l y g o n s which i n c l u d e s o r i g i n a l h o t s p o t s

p r o j 4 s t r i n g ( h o t r p o l y [ [ i ] ] ) <−CRS( p r o j 4 s t r i n g ( n e g b u f f [ [ i ] ] ) ) # p r o j e c t i o n o f

h o t s p o t s t o run s p a t i a l o p e r a t i o n

n e g b u f f [ [ i ] ] <− g B u f f e r ( n e g b u f f [ [ i ] ] , by id =TRUE, wid th =0)

o b s h o t [ [ i ] ]<− g I n t e r s e c t i o n ( n e g b u f f [ [ i ] ] , h o t r p o l y [ [ i ] ] ) # keep h o t s p o t s

t h a t a r e w i t h i n o r g i n a l h o t s p o t s ( n o t e t h a t h o t s p o t s which do n o t

l e a d t o s i g n i f i c a n t c o n t a g i o u s d i f f u s i o n o r r e t r a c t i o n a r e a l s o

i n c l u d e d )

}

#some v i s u a l c h e c k s

# p l o t ( h o t r p o l y [ [ 1 1 ] ] , c o l =" r e d " , x l im =c ( 3 0 , 7 0 ) , y l im =c ( 2 2 , 2 7 ) )

# p l o t ( s t u d y a r e a , add=TRUE)

# p l o t ( o b s d i f f [ [ 1 1 ] ] , c o l =" g r e e n " , add=TRUE)

# p l o t ( o b s h o t [ [ 1 1 ] ] , c o l =" ye l l o w " , add=TRUE)

save . image ( "~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / STpoi s son /

p d i f f u s i o n _ modelvsobs . RData " )

#END

D.5 Assessment of Failed State and Hierarchical Theories

Table D.1 indicates the country of origin (Origin) of the centroid of the hotspots and the

name of each country towards which terrorism diffuses (Destin). For each year, it provides

the average of the Fragile States Index (FSI) of both Origin and Destin. Moreover, the

worldwide annual average FSI (FSIavg) is given based on all observations taken in the study

area within the investigated time period. Observations that indicate diffusion or dissipation

absolute values (Osbd f i f f ) smaller than 0.1 have been excluded. The first column (N)

provides an index used to identify each diffusion area for each year.

This is the code used to empirically assess the failed states thery with regard to diffusion

and dissipation of lethality and real observations.
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Table D.1 Diffusion of lethality and FSI (GTD 2005-2013)

N Origin Destin Obsdiff Diffusion FSIorigin FSIdestin FSIavg Year
1 Myanmar China 0.8 retraction 93.4 72.3 88.7 2005
1 Myanmar Laos 0.8 retraction 93.4 91.5 88.7 2005
1 Myanmar Myanmar 0.8 retraction 93.4 93.4 88.7 2005
1 Myanmar Thailand 0.8 retraction 93.4 77.4 88.7 2005
2 Russia Georgia 0.9 retraction 83.5 88.7 2005
2 Russia Russia 0.9 retraction 83.5 83.5 88.7 2005
3 Afghanistan Afghanistan 0.8 retraction 99.0 99.0 88.7 2005
4 Pakistan Pakistan 0.9 N/D 89.4 89.4 88.7 2005
4 Pakistan India 0.9 N/D 89.4 69.5 88.7 2005
1 Sri Lanka Georgia 0.6 retraction 92.4 82.2 70.8 2006
1 Sri Lanka Russia 0.6 retraction 92.4 87.1 70.8 2006
2 Russia Afghanistan 1.7 diffusion 87.1 99.8 70.8 2006
2 Russia India 1.7 diffusion 87.1 70.4 70.8 2006
2 Russia Iran 1.7 diffusion 87.1 84.0 70.8 2006
2 Russia Pakistan 1.7 diffusion 87.1 103.1 70.8 2006
2 Russia Turkmenistan 1.7 diffusion 87.1 86.1 70.8 2006
3 Afghanistan Sri Lanka 1.6 diffusion 99.8 92.4 70.8 2006
1 Philippines Uganda 0.5 retraction 83.2 96.4 70.6 2007
2 Uganda Kyrgyzstan 1.0 N/D 96.4 88.2 70.6 2007
2 Uganda Kazakhstan 1.0 N/D 96.4 72.3 70.6 2007
2 Uganda Tajikistan 1.0 N/D 96.4 88.7 70.6 2007
2 Uganda Uzbekistan 1.0 N/D 96.4 93.5 70.6 2007
3 Uzbekistan Georgia 1.0 N/D 93.5 82.3 70.6 2007
3 Uzbekistan Russia 1.0 N/D 93.5 81.2 70.6 2007
4 Russia Afghanistan 1.2 diffusion 81.2 102.3 70.6 2007
4 Russia India 1.2 diffusion 81.2 70.8 70.6 2007
4 Russia Iran 1.2 diffusion 81.2 82.8 70.6 2007
4 Russia Pakistan 1.2 diffusion 81.2 100.1 70.6 2007
4 Russia Turkmenistan 1.2 diffusion 81.2 87.5 70.6 2007
5 Afghanistan Philippines 0.9 retraction 102.3 83.2 70.6 2007
1 Afghanistan Afghanistan 0.9 N/D 105.4 105.4 70.9 2008
1 Afghanistan India 0.9 N/D 105.4 72.9 70.9 2008
1 Afghanistan Iran 0.9 N/D 105.4 85.7 70.9 2008
1 Afghanistan Pakistan 0.9 N/D 105.4 103.8 70.9 2008
1 Afghanistan Turkmenistan 0.9 N/D 105.4 86.2 70.9 2008
2 Thailand Malaysia 0.4 retraction 75.6 67.2 70.9 2008
2 Thailand Thailand 0.4 retraction 75.6 75.6 70.9 2008
1 Afghanistan Afghanistan 1.3 diffusion 108.2 108.2 72.1 2009
1 Afghanistan India 1.3 diffusion 108.2 77.8 72.1 2009
1 Afghanistan Iran 1.3 diffusion 108.2 90.0 72.1 2009
1 Afghanistan Pakistan 1.3 diffusion 108.2 104.1 72.1 2009
1 Afghanistan Tajikistan 1.3 diffusion 108.2 90.3 72.1 2009
1 Afghanistan Turkmenistan 1.3 diffusion 108.2 84.3 72.1 2009
1 DRC Burundi 0.5 retraction 109.9 96.7 71.9 2010
1 DRC Uganda 0.5 retraction 109.9 97.5 71.9 2010
1 DRC DRC 0.5 retraction 109.9 109.9 71.9 2010
1 DRC Rwanda 0.5 retraction 109.9 88.7 71.9 2010
1 DRC Tanzania 0.5 retraction 109.9 81.2 71.9 2010
2 Pakistan Afghanistan 0.7 retraction 102.5 109.3 71.9 2010
2 Pakistan Pakistan 0.7 retraction 102.5 102.5 71.9 2010
2 Pakistan India 0.7 retraction 102.5 79.2 71.9 2010
2 Pakistan Iran 0.7 retraction 102.5 92.2 71.9 2010
3 Thailand Thailand 1.2 diffusion 78.8 78.8 71.9 2010
3 Thailand Malaysia 1.2 diffusion 78.8 69.2 71.9 2010
1 DRC Burundi 1.0 N/D 108.2 98.6 71.1 2011
1 DRC DRC 1.0 N/D 108.2 108.2 71.1 2011
1 DRC Uganda 1.0 N/D 108.2 96.3 71.1 2011
1 DRC Rwanda 1.0 N/D 108.2 91.0 71.1 2011
1 DRC Tanzania 1.0 N/D 108.2 81.3 71.1 2011
2 Sri Lanka India Inf diffusion 93.1 79.3 71.1 2011
2 Sri Lanka Bangladesh Inf diffusion 93.1 94.4 71.1 2011
3 Philippines Afghanistan 1.0 N/D 85.0 107.5 71.1 2011
3 Philippines India 1.0 N/D 85.0 79.3 71.1 2011
3 Philippines Pakistan 1.0 N/D 85.0 102.3 71.1 2011
4 Philippines Algeria 0.5 retraction 85.0 78.0 71.1 2011
4 Philippines Tunisia 0.5 retraction 85.0 70.1 71.1 2011
5 India Iran 1.1 diffusion 79.3 90.2 71.1 2011
5 India Turkey 1.1 diffusion 79.3 71.5 71.1 2011
5 India Iraq 1.1 diffusion 79.3 104.8 71.1 2011
5 India Syria 1.1 diffusion 79.3 85.9 71.1 2011
5 India Saudi Arabia 1.1 diffusion 79.3 75.2 71.1 2011
6 Pakistan Malaysia 1.0 N/D 102.3 68.7 71.1 2011
6 Pakistan Thailand 1.0 N/D 102.3 78.3 71.1 2011
7 Algeria Sri Lanka 0.8 retraction 78.0 93.1 71.1 2011
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#SPATIO−TEMPORAL MODELLING / b i n o m i a l model o f l e t h a l e v e n t s wor ldwide

2002−2013

#The code a s s e s s e s t h e o r i e s t h a t e x p l a i n t h e d i f f u s i o n o f l e t h a l

t e r r o r i s m .

se twd ( "~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / S T b i n o m i a l t o t a l " )

rm ( l i s t = l s ( ) )

l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / d i f f u s i o n _ modelvsobs .

RData " )

r e q u i r e ( f o r e i g n )

r e q u i r e ( sp )

l i b r a r y ( INLA )

l i b r a r y ( s p a t s t a t )

l i b r a r y ( f i e l d s )

l i b r a r y ( m a p t o o l s )

l i b r a r y ( f i e l d s )

l i b r a r y ( l a t t i c e )

r e q u i r e ( r g e o s )

r e q u i r e ( r a s t e r )

r e q u i r e ( r g d a l )

r e q u i r e ( p l y r )

r e q u i r e ( g g p l o t 2 )

#work on c o u n t r y maps

# d e l e t e unmatched c o u n t r i e s

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" F a l k l a n d I s l a n d s " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" French S o u t h e r n and A n t a r c t i c

Lands " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" Green l and " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" Kosovo " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin=="New C a l e d o n i a " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" N o r t h e r n Cyprus " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" P a l e s t i n e " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" P u e r t o Rico " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" Vanuatu " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" Taiwan " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" S o m a l i l a n d " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" Western S a h a r a " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" Ant igua and Barbuda " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" Ant igua & Barbuda " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" Samoa " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" Sao Tome and P r i n c i p e " ) , ]
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c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" Sao Tome" ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" M i c r o n e s i a " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" Comoros " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" Barbados " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" Mald ives " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" Bhutan " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" S e y c h e l l e s " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" M a u r i t i u s " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" Mal ta " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" South Sudan " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" Grenada " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" Cape Verde " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" B a h r a i n " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" S i n g a p o r e " ) , ]

coun t ry@da ta $ admin<−d r o p l e v e l s ( coun t ry@da ta $ admin )

# c r e a t e 9 c o p i e s (2005−2013) o f c o u n t r y p o l y g on s t o add t e m p o r a l

d imens ion and name them s t a t e s [ [ i ] ]

s t a t e s <− l i s t ( )

f o r ( i i n 1 : 9 ) {

s t a t e s [ [ i ] ]<−c o u n t r y

}

# c r e a t e l i s t o f s p a t i a l po lygon df wi th c o u n t r y map by a d d i ng f a i l e d

s t a t e i n d e x ( FSI ) v a r i a b l e

# 2005 ( s e p a r a t e d from t h e r e s t ) download 2 3 . 6 . 1 5 : h t t p : / / f s i .

f u n d f o r p e a c e . o rg / r a n k i n g s −2005− s o r t a b l e

FSI1<− r e a d . csv ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews /

PhD / PhD_R / FSI / FSI2005 . csv " , h e a d e r = TRUE)

FSI1<− s u b s e t ( FSI1 , s e l e c t =c ( " Count ry " , " T o t a l " ) )

FSI<− l i s t ( ) #2005−2013

f o r ( i i n 1 : 1 ) {

FSI [ [ i ] ]<−FSI1

f o r ( i i n 2 : 9 ) {

FSI [ [ i ] ]<− r e a d . csv ( p a s t e ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n /

StAndrews / PhD / PhD_R / FSI / FSI " ,2004+ i , " . c sv " , sep =" " ) , h e a d e r = TRUE)

FSI [ [ i ] ]<− s u b s e t ( FSI [ [ i ] ] , s e l e c t =c ( p a s t e ( " F a i l e d . S t a t e s . Index . " ,2004+ i ,

sep =" " ) , " T o t a l " ) )

names ( FSI [ [ i ] ] ) <−c ( " Count ry " , " T o t a l " )

}}

f o r ( i i n 1 : 9 ) {
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l e v e l s ( FSI [ [ i ] ] $ Count ry ) <− c ( l e v e l s ( FSI [ [ i ] ] $ Count ry ) , c ( " I v o r y Coas t " ,

" Democra t i c R e p u b l i c o f t h e Congo " , " C e n t r a l A f r i c a n R e p u b l i c " ,

" Bosn ia and Her zegov ina " , " S e r b i a and Montenegro " , " Guinea B i s s a u " , "

E a s t Timor " , " R e p u b l i c o f Congo " , " I s r a e l " , " R e p u b l i c o f S e r b i a " ,

" T r i n i d a d and Tobago " , " Un i t e d S t a t e s o f America " , " The Bahamas " , "

Un i t e d R e p u b l i c o f T a n z a n i a " , " Bosn ia " ) )

FSI [ [ i ] ] $ Count ry [ FSI [ [ i ] ] $ Count ry ==" Cote d ’ I v o i r e " ] <− " I v o r y Coas t "

FSI [ [ i ] ] $ Count ry [ FSI [ [ i ] ] $ Count ry ==" Congo (D. R . ) " ] <− " Democra t i c

R e p u b l i c o f t h e Congo "

FSI [ [ i ] ] $ Count ry [ FSI [ [ i ] ] $ Count ry ==" Congo , D. R . " ] <− " Democra t i c

R e p u b l i c o f t h e Congo "

FSI [ [ i ] ] $ Count ry [ FSI [ [ i ] ] $ Count ry ==" C e n t r a l A f r i c a n Rep . " ] <− " C e n t r a l

A f r i c a n R e p u b l i c "

FSI [ [ i ] ] $ Count ry [ FSI [ [ i ] ] $ Count ry ==" Bosn ia & Herz . " ] <− " Bosn ia and

He rzegov ina "

FSI [ [ i ] ] $ Count ry [ FSI [ [ i ] ] $ Count ry ==" Bosn ia " ] <− " Bosn ia and Her zegov ina "

FSI [ [ i ] ] $ Count ry [ FSI [ [ i ] ] $ Count ry ==" S e r b i a & Mont . " ] <− " S e r b i a and

Montenegro "

FSI [ [ i ] ] $ Count ry [ FSI [ [ i ] ] $ Count ry ==" S e r b i a and Montenegro " ] <− " S e r b i a

and Montenegro "

FSI [ [ i ] ] $ Count ry [ FSI [ [ i ] ] $ Count ry ==" S e r b i a / Kosovo " ] <− " S e r b i a and

Montenegro "

FSI [ [ i ] ] $ Count ry [ FSI [ [ i ] ] $ Count ry ==" Guinea−B i s s a u " ] <− " Guinea B i s s a u "

FSI [ [ i ] ] $ Count ry [ FSI [ [ i ] ] $ Count ry ==" Timor−L e s t e " ] <− " E a s t Timor "

FSI [ [ i ] ] $ Count ry [ FSI [ [ i ] ] $ Count ry ==" Congo ( R e p u b l i c ) " ] <− " R e p u b l i c o f

Congo "

FSI [ [ i ] ] $ Count ry [ FSI [ [ i ] ] $ Count ry ==" Congo , R e p u b l i c " ] <− " R e p u b l i c o f

Congo "

FSI [ [ i ] ] $ Count ry [ FSI [ [ i ] ] $ Count ry ==" I s r a e l / West Bank " ] <− " I s r a e l "

FSI [ [ i ] ] $ Count ry [ FSI [ [ i ] ] $ Count ry ==" S e r b i a " ] <− " R e p u b l i c o f S e r b i a "

FSI [ [ i ] ] $ Count ry [ FSI [ [ i ] ] $ Count ry ==" T r i n i d a d " ] <− " T r i n i d a d and Tobago "

FSI [ [ i ] ] $ Count ry [ FSI [ [ i ] ] $ Count ry ==" T r i n a d a d " ] <− " T r i n i d a d and Tobago "

FSI [ [ i ] ] $ Count ry [ FSI [ [ i ] ] $ Count ry ==" Un i t e d S t a t e s " ] <− " U n i t e d S t a t e s o f

America "

FSI [ [ i ] ] $ Count ry [ FSI [ [ i ] ] $ Count ry ==" Bahamas " ] <− " The Bahamas "

FSI [ [ i ] ] $ Count ry [ FSI [ [ i ] ] $ Count ry ==" T a n z a n i a " ] <− " U n i t e d R e p u b l i c o f

T a n z a n i a "

FSI [ [ i ] ] $ Count ry [ FSI [ [ i ] ] $ Count ry ==" D i j b o u t i " ] <− " D j i b o u t i "

}

# d e l e t e d a t a t h a t c a n n o t be merged
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f o r ( i i n 1 : 9 ) {

# FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" D j i b o u t i " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" F a l k l a n d I s l a n d s " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" French S o u t h e r n and A n t a r c t i c

Lands " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" Green l and " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" Kosovo " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry =="New C a l e d o n i a " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" N o r t h e r n Cyprus " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" P a l e s t i n e " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" P u e r t o Rico " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" Vanuatu " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" Taiwan " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" S o m a l i l a n d " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" Western S a h a r a " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" Ant igua and Barbuda " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" Ant igua & Barbuda " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" South Sudan " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" Samoa " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" Sao Tome and P r i n c i p e " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" Sao Tome" ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" Barbados " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" M i c r o n e s i a " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" Comoros " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" Barbados " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" Mald ives " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" Bhutan " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" M a u r i t i u s " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" Mal ta " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" S e y c h e l l e s " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" South Sudan " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" Grenada " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" S i n g a p o r e " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" B a h r a i n " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" Cape Verde " ) , ]

}

f o r ( i i n 1 : 9 ) {

FSI [ [ i ] ] $ Count ry<−d r o p l e v e l s ( FSI [ [ i ] ] $ Count ry )

}

# merge d a t a o f FSI wi th s t a t e s
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c o u n t r i e s<− l i s t ( )

F S I s t a t e<− l i s t ( )

f o r ( j i n 1 : 9 ) {

c o u n t r i e s [ [ j ] ]<−as . d a t a . f rame ( s t a t e s [ [ j ] ] @data$ admin )

names ( c o u n t r i e s [ [ j ] ] ) <−" Count ry "

F S I s t a t e [ [ j ] ]<−merge ( c o u n t r i e s [ [ j ] ] , FSI [ [ j ] ] , by=" Count ry " , a l l . x=TRUE)

F S I s t a t e [ [ j ] ]<−F S I s t a t e [ [ j ] ] [ o r d e r ( F S I s t a t e [ [ j ] ] $ Count ry ) , ] # o r d e r f o r

p r o p e r ma tch ing

s t a t e s [ [ j ] ]<− s t a t e s [ [ j ] ] [ o r d e r ( s t a t e s [ [ j ] ] $ admin ) , ] # o r d e r f o r p r o p e r

ma tch ing

}

# check i f c o u n t r y o r d e r i s i d e n t i c a l t o d e s t i n a t i o n d f . ( s h o u l d be TRUE

everywhere )

f o r ( j i n 1 : 9 ) {

check<− i d e n t i c a l ( F S I s t a t e [ [ j ] ] $ Country , s t a t e s [ [ j ] ] $ admin ) }

check # t h e v a l u e s h o u l d be TRUE

# p u t FSI v a l u e s i n t o c o u n t r y map ( s t a t e s ) f o r each y e a r from 2005 t o

2013

f o r ( j i n 1 : 9 ) {

s t a t e s [ [ j ] ] @data <− d a t a . f rame ( s t a t e s [ [ j ] ] @data , F S I s t a t e [ [ j ] ] [ match (

s t a t e s [ [ j ] ] @data [ , ’ admin ’ ] , F S I s t a t e [ [ j ] ] [ , ’ Count ry ’ ] ) , ] ) #

s o v e r e i g n t i s name of v a r i a b l e o f s p d f and Count ry name of v a r i a b l e

o f d f which a r e t h e common v a r i a b l e on which t h e merge i s e x e c u t e d

.

}

# p l o t a n n u a l o b s e r v e d d i f f u s i o n

minFSindex<− l i s t ( )

maxFSindex<− l i s t ( )

f o r ( j i n 1 : 9 ) {

minFSindex [ [ j ] ]<−min ( s t a t e s [ [ j ] ] @data$ T o t a l , na . rm=TRUE)

maxFSindex [ [ j ] ]<−max ( s t a t e s [ [ j ] ] @data$ T o t a l , na . rm=TRUE)

}

minFSI<−min ( u n l i s t ( minFSindex ) )

maxFSI<−max ( u n l i s t ( maxFSindex ) )

# minFSI<−0

#maxFSI<−130

brk<−seq ( minFSI , maxFSI , by =20)

n<− l e n g t h ( brk )−1

c o l s <− c ( " grey20 " , " g rey35 " , " g rey50 " , " g rey65 " , " g rey80 " )

# c o l s <−L l i n p a l ( n )
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# d e f i n e t h r e s h o l d o f t h e r a t i o f o r a d i f f u s i o n t o be s i g n i f i c a n t

d i f f t <−1 . 1

# d e f i n e t h r e s h o l d o f t h e r a t i o f o r a d i s s i p a t i o n t o be s i g n i f i c a n t

d i s s t <−0 . 9

r e q u i r e ( Hmisc )

p l o t . new ( )

dev . o f f ( )

f o r ( j i n 1 : 9 ) # FSI i n d i c e s i n c o u n t r y a r e from 2005 t o 2013 b u t t h e

o b s e r v e d d i f f u s i o n has been computed from 2003 t o 2013

{

mypath= p a s t e ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD

/ r e v i s i o n / r e v i s e d P h D t h e s i s / C h a p t e r 6 / F i g s / R a s t e r / o b s d i f f u s i o n " , j , " .

png " , sep =" " )

png ( f i l e =mypath , wid th =1440 , h e i g h t =720)

p a r ( cex = 2 . 9 , mar=c ( 3 . 5 , 1 . 5 , 1 . 2 , 0 . 1 ) ) #mar : c ( bottom , l e f t , top , r i g h t )

p l o t ( s t a t e s [ [ j ] ] , c o l = c o l s [ f i n d I n t e r v a l ( s t a t e s [ [ j ] ] @data$ T o t a l , brk , a l l .

i n s i d e =TRUE) ] , x l im =c (−180 , 180) , y l im =c (−60 , 85) , y a x t =" n " , x a x t =" n " ,

x l a b =" " , y l a b =" "

, cex . main=1 , main=" " )

p l o t ( o b s d i f f [ [ j + 2 ] ] , b o r d e r =NA, c o l = i f e l s e ( o b s d i f f [ [ j + 2 ] ] @data$ d e l t a d i f f

> d i f f t , " r e d " , i f e l s e ( o b s d i f f [ [ j + 2 ] ] @data$ d e l t a d i f f < d i s s t , " b l u e " ,NA) )

, add=TRUE)

p l o t ( o b s h o t [ [ j + 2 ] ] , c o l =c ( " ye l l ow " ) , add=TRUE)

a x i s ( 2 , a t =c ( −60 , −40 , −20 ,0 ,20 ,40 ,60 ,80) , l a b e l s =c (−60 ,NA,−20 ,NA, 2 0 ,NA

, 6 0 ,NA) , cex = 1 . 4 , pos =−180 , c o l . a x i s =" b l a c k " )

a x i s ( 1 , a t =c ( −180 , −150 , −100 , −50 ,0 ,50 ,100 ,150 ,180) , pos =−60, l a b e l s =c (

NA, −150 , −100 , −50 ,0 ,50 ,100 ,150 ,NA) , cex = 1 . 4 , c o l . a x i s =" b l a c k " )

mtex t ( s i d e = 1 , cex = 2 . 9 , t e x t = " L o n g i t u d e " , l i n e = 1 . 3 )

# mtex t ( s i d e = 1 , cex = 2 . 9 , t e x t = 2004+ j , l i n e = 2 . 5 )

t i t l e ( main =2004+ j , l i n e = 0 . 0 , cex . main = 1 . 4 )

mtex t ( s i d e = 2 , cex = 2 . 9 , t e x t = " L a t i t u d e " , l i n e = −0.6)

l e g e n d ( l i s t ( x = −175 ,y = 37) , t i t l e =" FSI " , i n s e t = . 1 2 , cex =1 , b t y =" n " ,

t i t l e . a d j = 0 . 2 ,

c ( " 17−37 " , " 37−57 " , " 57−77 " , " 77−97 " , " 97−115 " ) , f i l l =c ( " grey20 " , " g rey35 " ,

" g rey50 " , " g rey65 " , " g rey80 " ) )

l e g e n d ( l i s t ( x = −55,y = −40) , cex =1 , b t y =" n " , n c o l =3 , t e x t . w id th =c

( 0 , 3 4 , 3 4 ) ,

c ( " h o t s p o t " , " d i f f u s i o n " , " d i s s i p a t i o n " ) , f i l l =c ( " ye l l ow " , " r e d " , "

b l u e " ) )

dev . o f f ( )
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}

# o t h e r p l o t f o r check

# s p p l o t ( s t a t e s [ [ 7 ] ] , z c o l = " T o t a l " )

# c o u n t nb . o f h o t s p o t s

nbho t<− l i s t ( )

f o r ( j i n 1 : 9 ) {

nbho t [ [ j + 2 ] ]<− l e n g t h ( d i s a g g r e g a t e ( d i f f p o l y n e t d f [ [ j + 2 ] ] ) ) }

nbho t<−nbho t [ c (−1 ,−2) ]

Reduce ( "+" , nbho t ) #nb . o f d i f f a r e a s

# c o u n t nb . o f s i g n . ne ighbou rhood a r e a s ( t o t a l o f 53)

n b d i f f<− l i s t ( )

f o r ( j i n 1 : 9 ) {

n b d i f f [ [ j + 2 ] ]<− l e n g t h ( d i s a g g r e g a t e ( o b s d i f f [ [ j + 2 ] ] ) ) }

n b d i f f<−n b d i f f [ c (−1 ,−2) ]

Reduce ( "+" , n b d i f f ) #nb . o f d i f f a r e a s

# c o u n t nb . o f ne ighbou rhood a r e a s wi th s i d g n i f i c a n t d i f f u s i o n /

d i s s i p a t i o n ( > 0 . 1 )

#summary ( h o t n e t ) #

# d e l e t e h o t n e t [ [ 1 ] ] ( y e a r 2003) : has no e l e m e n t

# h o t n e t [ [ 1 ] ] <−NULL

# #######CAREFUL CHECK WITH c o r r e s p o n d a n c e y e a r h o t s p o t and y e a r GTD

#CAREFUL WITH e x t r a c t i o n o f y e a r s ( s i n c e h o t s p o t have m i s s i n g y e a r s

( 2 0 0 2 , 2 0 0 3 ) )

# e x t r a c t l e t h a l and non− l e t h a l e v e n t s f o r each y e a r from 2003−2013

l e t <− l i s t ( )

f o r ( i i n 1 : 1 1 ) {

l e t [ [ i ] ]<−GTD1[ which (GTD1$ n k i l l > 0 & GTD1$ i y e a r ==2002+ i ) , ]

}

# c r e a t e s p a t i a l p o i n t s f o r each y e a r ( r e q u i r e d t o c o u n t p o i n t s i n

po lygon )

WGS84="+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84 =0 ,0 ,0+ e l l p s =WGS84"

p l e t<− l i s t ( )

f o r ( i i n 1 : 1 1 ) {

p l e t [ [ i ] ]<−S p a t i a l P o i n t s ( c b i n d ( l e t [ [ i ] ] $ l o n g i t u d e , l e t [ [ i ] ] $ l a t i t u d e ) ) #

c r e a t e s p a t i a l p o i n t s

p r o j 4 s t r i n g ( p l e t [ [ i ] ] ) = CRS(WGS84)
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}

# c o u n t i n g o b s e r v e d p r o p o o r t i o n o f l e t h a l a t t a c k s i n h o t s p o t s from t h e

model

r e q u i r e ( GISTools )

n b l e t<− l i s t ( )

f o r ( i i n 1 : 1 1 ) {

n b l e t [ [ i ] ]<−po ly . c o u n t s ( p l e t [ [ i ] ] , h o t n e t [ [ i ] ] ) # c o u n t l e t h a l a t t a c k s

i n h o t s p o t

}

# c a l c u l a t e t h e p r o p o r t i o n o f h o t s p o t s t h a t have number o f l e t h a l e v e n t

>= H.

n b l e t<− u n l i s t ( n b l e t )

sum ( n b l e t >= H, na . rm=TRUE) # number o f h o t s p o t s t h a t c o n t a i n >= H of

l e t h a l e v e n t .

l e n g t h ( n b l e t ) # number o f h o t s p o t s

sum ( ( n b l e t >= H) / l e n g t h ( n b l e t ) , na . rm=TRUE) # p r o p o r t i o n o f h o t s p o t s t h a t

c o n t a i n >= H of l e t h a l e v e n t .

summary ( n b l e t , na . rm=TRUE)

sd ( n b l e t , na . rm=TRUE)

# f i n d o r i g i n / c e n t r o i d o f d i f f u s i o n a r e a s

c e n t d i f f <− l i s t ( )

o r i g i n<− l i s t ( )

f o r ( j i n 1 : 9 ) {

o b s d i f f [ [ j ] ]<−spTrans fo rm ( o b s d i f f [ [ j ] ] , CRS( "+ i n i t = epsg :3857 " ) ) # d i f f u s i o n

po lygon

s t a t e s [ [ j ] ]<−spTrans fo rm ( s t a t e s [ [ j ] ] , CRS( "+ i n i t = epsg :3857 " ) ) # c o u n t r y

po lygon

c e n t d i f f [ [ j ] ]<−g C e n t r o i d ( o b s d i f f [ [ j ] ] , by id =TRUE, i d = o b s d i f f [ [ j ] ] @data$N) #

c e n t r o i d o f d i f f u s i o n a r e a s

# e x t r a c t c o u n t r y name r e l a t e d t o t h e p o s i t i o n

o r i g i n [ [ j ] ]<−ove r ( c e n t d i f f [ [ j ] ] , s t a t e s [ [ j ] ] )

o r i g i n [ [ j ] ]<−o r i g i n [ [ j ] ] [ c ( 6 4 , 6 5 ) ]

co lnames ( o r i g i n [ [ j ] ] ) <−c ( " o r i g i n " , " F S I o r i g i n " )

o r i g i n [ [ j ] ] $ID<−rownames ( o r i g i n [ [ j ] ] )

# j o i n a t t r i b u t e s o f h o t s p o t o r i g i n t o d i f f u s i o n p o l y g o n s

o b s d i f f [ [ j ] ] @data = d a t a . f rame ( o b s d i f f [ [ j ] ] @data , o r i g i n [ [ j ] ] [ match (

o b s d i f f [ [ j ] ] @data [ , "N" ] , o r i g i n [ [ j ] ] [ , " ID " ] ) , ] )
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}

# p u t s t a t e s a s d a t a f r a m e

c o u n t r y d f<− l i s t ( )

f o r ( j i n 1 : 9 ) {

c o u n t r y d f [ [ j ] ]<−as . d a t a . f rame ( s t a t e s [ [ j ] ] @data$ Count ry ) # a l l wor ld

c o u n t r y

c o u n t r y d f [ [ j ] ] $ID<−rownames ( c o u n t r y d f [ [ j ] ] ) # c o u n t r i e s and t h e i r ID

colnames ( c o u n t r y d f [ [ j ] ] ) <−c ( " c o u n t r y " , " ID " )

}

# f i n d c o u n t r i e s i n t e r s e c t i n g wi th d i f f u s i o n a r e a s ( c o u l d be s i m p l i f i e d ? )

s t e p 1<− l i s t ( )

d i f f s t a t e s 1 <− l i s t ( )

f o r ( i i n 1 : l e n g t h ( o b s d i f f [ [ 1 ] ] ) ) {# from 1 t o t h e numb of d i f f u s i o n

a r e a s i n each y e a r

s t e p 1 [ [ i ] ]<−as . d a t a . f rame ( s t a t e s [ [ 1 ] ] [ o b s d i f f [ [ 1 ] ] [ i , ] , ] )

d i f f s t a t e s 1 [ [ i ] ]<−as . d a t a . f rame ( s t e p 1 [ [ i ] ] $ Count ry )

d i f f s t a t e s 1 [ [ i ] ] $ F S I d e s t i n<− s t e p 1 [ [ i ] ] $ T o t a l

d i f f s t a t e s 1 [ [ i ] ] $N<−as . i n t e g e r ( i ) # s h o u l d p u t i d e n t i c a l numbers : 1 f o r

f i r s t e l e m e n t s o f t h e l i s t , 2 f o r second e l e m e n t s o f t h e l i s t , . . .

f o r f u r t h e r merging

colnames ( d i f f s t a t e s 1 [ [ i ] ] ) <−c ( " d e s t i n " , " F S I d e s t i n " , "N" )

}

s t e p 2<− l i s t ( )

d i f f s t a t e s 2 <− l i s t ( )

f o r ( i i n 1 : l e n g t h ( o b s d i f f [ [ 2 ] ] ) ) {# from 2 t o t h e numb of d i f f u s i o n a r e a s

i n each y e a r

s t e p 2 [ [ i ] ]<−as . d a t a . f rame ( s t a t e s [ [ 2 ] ] [ o b s d i f f [ [ 2 ] ] [ i , ] , ] )

d i f f s t a t e s 2 [ [ i ] ]<−as . d a t a . f rame ( s t e p 2 [ [ i ] ] $ Count ry )

d i f f s t a t e s 2 [ [ i ] ] $ F S I d e s t i n<− s t e p 2 [ [ i ] ] $ T o t a l

d i f f s t a t e s 2 [ [ i ] ] $N<−as . i n t e g e r ( i ) # s h o u l d p u t i d e n t i c a l numbers : 1 f o r

f i r s t e l e m e n t s o f t h e l i s t , 2 f o r second e l e m e n t s o f t h e l i s t , . . .

f o r f u r t h e r merging

colnames ( d i f f s t a t e s 2 [ [ i ] ] ) <−c ( " d e s t i n " , " F S I d e s t i n " , "N" )

}

s t e p 3<− l i s t ( )

d i f f s t a t e s 3 <− l i s t ( )

f o r ( i i n 1 : l e n g t h ( o b s d i f f [ [ 3 ] ] ) ) {# from 3 t o t h e numb of d i f f u s i o n a r e a s

i n each y e a r

s t e p 3 [ [ i ] ]<−as . d a t a . f rame ( s t a t e s [ [ 3 ] ] [ o b s d i f f [ [ 3 ] ] [ i , ] , ] )

d i f f s t a t e s 3 [ [ i ] ]<−as . d a t a . f rame ( s t e p 3 [ [ i ] ] $ Count ry )
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d i f f s t a t e s 3 [ [ i ] ] $ F S I d e s t i n<− s t e p 3 [ [ i ] ] $ T o t a l

d i f f s t a t e s 3 [ [ i ] ] $N<−as . i n t e g e r ( i ) # s h o u l d p u t i d e n t i c a l numbers : 1 f o r

f i r s t e l e m e n t s o f t h e l i s t , 2 f o r second e l e m e n t s o f t h e l i s t , . . .

f o r f u r t h e r merging

colnames ( d i f f s t a t e s 3 [ [ i ] ] ) <−c ( " d e s t i n " , " F S I d e s t i n " , "N" )

}

s t e p 4<− l i s t ( )

d i f f s t a t e s 4 <− l i s t ( )

f o r ( i i n 1 : l e n g t h ( o b s d i f f [ [ 4 ] ] ) ) {# from 4 t o t h e numb of d i f f u s i o n a r e a s

i n each y e a r

s t e p 4 [ [ i ] ]<−as . d a t a . f rame ( s t a t e s [ [ 4 ] ] [ o b s d i f f [ [ 4 ] ] [ i , ] , ] )

d i f f s t a t e s 4 [ [ i ] ]<−as . d a t a . f rame ( s t e p 4 [ [ i ] ] $ Count ry )

d i f f s t a t e s 4 [ [ i ] ] $ F S I d e s t i n<− s t e p 4 [ [ i ] ] $ T o t a l

d i f f s t a t e s 4 [ [ i ] ] $N<−as . i n t e g e r ( i ) # s h o u l d p u t i d e n t i c a l numbers : 1 f o r

f i r s t e l e m e n t s o f t h e l i s t , 2 f o r second e l e m e n t s o f t h e l i s t , . . .

f o r f u r t h e r merging

colnames ( d i f f s t a t e s 4 [ [ i ] ] ) <−c ( " d e s t i n " , " F S I d e s t i n " , "N" )

}

s t e p 5<− l i s t ( )

d i f f s t a t e s 5 <− l i s t ( )

f o r ( i i n 1 : l e n g t h ( o b s d i f f [ [ 5 ] ] ) ) {# from 5 t o t h e numb of d i f f u s i o n a r e a s

i n each y e a r

s t e p 5 [ [ i ] ]<−as . d a t a . f rame ( s t a t e s [ [ 5 ] ] [ o b s d i f f [ [ 5 ] ] [ i , ] , ] )

d i f f s t a t e s 5 [ [ i ] ]<−as . d a t a . f rame ( s t e p 5 [ [ i ] ] $ Count ry )

d i f f s t a t e s 5 [ [ i ] ] $ F S I d e s t i n<− s t e p 5 [ [ i ] ] $ T o t a l

d i f f s t a t e s 5 [ [ i ] ] $N<−as . i n t e g e r ( i ) # s h o u l d p u t i d e n t i c a l numbers : 1 f o r

f i r s t e l e m e n t s o f t h e l i s t , 2 f o r second e l e m e n t s o f t h e l i s t , . . .

f o r f u r t h e r merging

colnames ( d i f f s t a t e s 5 [ [ i ] ] ) <−c ( " d e s t i n " , " F S I d e s t i n " , "N" )

}

s t e p 6<− l i s t ( )

d i f f s t a t e s 6 <− l i s t ( )

f o r ( i i n 1 : l e n g t h ( o b s d i f f [ [ 6 ] ] ) ) {# from 6 t o t h e numb of d i f f u s i o n a r e a s

i n each y e a r

s t e p 6 [ [ i ] ]<−as . d a t a . f rame ( s t a t e s [ [ 6 ] ] [ o b s d i f f [ [ 6 ] ] [ i , ] , ] )

d i f f s t a t e s 6 [ [ i ] ]<−as . d a t a . f rame ( s t e p 6 [ [ i ] ] $ Count ry )

d i f f s t a t e s 6 [ [ i ] ] $ F S I d e s t i n<− s t e p 6 [ [ i ] ] $ T o t a l

d i f f s t a t e s 6 [ [ i ] ] $N<−as . i n t e g e r ( i ) # s h o u l d p u t i d e n t i c a l numbers : 1 f o r

f i r s t e l e m e n t s o f t h e l i s t , 2 f o r second e l e m e n t s o f t h e l i s t , . . .

f o r f u r t h e r merging
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co lnames ( d i f f s t a t e s 6 [ [ i ] ] ) <−c ( " d e s t i n " , " F S I d e s t i n " , "N" )

}

s t e p 7<− l i s t ( )

d i f f s t a t e s 7 <− l i s t ( )

f o r ( i i n 1 : l e n g t h ( o b s d i f f [ [ 7 ] ] ) ) {# from 7 t o t h e numb of d i f f u s i o n a r e a s

i n each y e a r

s t e p 7 [ [ i ] ]<−as . d a t a . f rame ( s t a t e s [ [ 7 ] ] [ o b s d i f f [ [ 7 ] ] [ i , ] , ] )

d i f f s t a t e s 7 [ [ i ] ]<−as . d a t a . f rame ( s t e p 7 [ [ i ] ] $ Count ry )

d i f f s t a t e s 7 [ [ i ] ] $ F S I d e s t i n<− s t e p 7 [ [ i ] ] $ T o t a l

d i f f s t a t e s 7 [ [ i ] ] $N<−as . i n t e g e r ( i ) # s h o u l d p u t i d e n t i c a l numbers : 1 f o r

f i r s t e l e m e n t s o f t h e l i s t , 2 f o r second e l e m e n t s o f t h e l i s t , . . .

f o r f u r t h e r merging

colnames ( d i f f s t a t e s 7 [ [ i ] ] ) <−c ( " d e s t i n " , " F S I d e s t i n " , "N" )

}

s t e p 8<− l i s t ( )

d i f f s t a t e s 8 <− l i s t ( )

f o r ( i i n 1 : l e n g t h ( o b s d i f f [ [ 8 ] ] ) ) {# from 8 t o t h e numb of d i f f u s i o n a r e a s

i n each y e a r

s t e p 8 [ [ i ] ]<−as . d a t a . f rame ( s t a t e s [ [ 8 ] ] [ o b s d i f f [ [ 8 ] ] [ i , ] , ] )

d i f f s t a t e s 8 [ [ i ] ]<−as . d a t a . f rame ( s t e p 8 [ [ i ] ] $ Count ry )

d i f f s t a t e s 8 [ [ i ] ] $ F S I d e s t i n<− s t e p 8 [ [ i ] ] $ T o t a l

d i f f s t a t e s 8 [ [ i ] ] $N<−as . i n t e g e r ( i ) # s h o u l d p u t i d e n t i c a l numbers : 1 f o r

f i r s t e l e m e n t s o f t h e l i s t , 2 f o r second e l e m e n t s o f t h e l i s t , . . .

f o r f u r t h e r merging

colnames ( d i f f s t a t e s 8 [ [ i ] ] ) <−c ( " d e s t i n " , " F S I d e s t i n " , "N" )

}

s t e p 9<− l i s t ( )

d i f f s t a t e s 9 <− l i s t ( )

f o r ( i i n 1 : l e n g t h ( o b s d i f f [ [ 9 ] ] ) ) {# from 9 t o t h e numb of d i f f u s i o n a r e a s

i n each y e a r

s t e p 9 [ [ i ] ]<−as . d a t a . f rame ( s t a t e s [ [ 9 ] ] [ o b s d i f f [ [ 9 ] ] [ i , ] , ] )

d i f f s t a t e s 9 [ [ i ] ]<−as . d a t a . f rame ( s t e p 9 [ [ i ] ] $ Count ry )

d i f f s t a t e s 9 [ [ i ] ] $ F S I d e s t i n<− s t e p 9 [ [ i ] ] $ T o t a l

d i f f s t a t e s 9 [ [ i ] ] $N<−as . i n t e g e r ( i ) # s h o u l d p u t i d e n t i c a l numbers : 1 f o r

f i r s t e l e m e n t s o f t h e l i s t , 2 f o r second e l e m e n t s o f t h e l i s t , . . .

f o r f u r t h e r merging

colnames ( d i f f s t a t e s 9 [ [ i ] ] ) <−c ( " d e s t i n " , " F S I d e s t i n " , "N" )

}

# p u t d f t o g e t h e r i n t o a l i s t
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d i f f s t a t e s <− l i s t ( d i f f s t a t e s 1 , d i f f s t a t e s 2 , d i f f s t a t e s 3 , d i f f s t a t e s 4 ,

d i f f s t a t e s 5 , d i f f s t a t e s 6 , d i f f s t a t e s 7 , d i f f s t a t e s 8 , d i f f s t a t e s 9 )

f o r ( j i n 1 : 9 ) {# from 9 t o t h e numb of d i f f u s i o n a r e a s i n each y e a r

d i f f s t a t e s [ [ j ] ] = Reduce ( f u n c t i o n ( . . . ) merge ( . . . , a l l =T ) , d i f f s t a t e s [ [ j

] ] ) # merge d f w i t h i n each y e a r

}

# j o i n a t t r i b u t e s o f h o t s p o t o r i g i n t o d i f f u s i o n p o l y g o n s

d i f f t a b l e <− l i s t ( )

f o r ( i i n 1 : 9 ) {# from 1 t o t h e numb of d i f f u s i o n a r e a s i n each y e a r

o b s d i f f [ [ i ] ]<−as . d a t a . f rame ( o b s d i f f [ [ i ] ] ) # p u t a s a d a t a f r a m e f o r

f u r t h e r merging

o b s d i f f [ [ i ] ] $N <− as . numer ic ( a s . f a c t o r ( w i th ( o b s d i f f [ [ i ] ] , p a s t e ( ID , sep

=" _ " ) ) ) ) # t h e v a r i a b l e "N" g i v e a un iqu e i d e n t i f i e r f o r each c e n t r o i d

o f d i f f u s i o n a r e a s ( r e q u i r e d f o r f u r t h e r merging )

d i f f t a b l e [ [ i ] ]<−merge ( d i f f s t a t e s [ [ i ] ] , o b s d i f f [ [ i ] ] , by= ’N’ , a l l . x=TRUE) #

merging d e s t i n a t i o n s t a t e s wi th d i f f u s i o n a r e a s and o r i g i n

keeps <− c ( "N" , " d e s t i n " , " F S I d e s t i n " , " d i f f p o s " , " d i f f n e g " , " d e l t a d i f f " , "

o r i g i n " , " F S I o r i g i n " )

d i f f t a b l e [ [ i ] ]<− d i f f t a b l e [ [ i ] ] [ keeps ] # keep i m p o r t a n t v a r i a b l e s on ly

d i f f t a b l e [ [ i ] ] $ y e a r<−2004+ i # add y e a r o f d i f f u s i o n as new v a r i a b l e

}

# p u t a l l d f t o g e t h e r

d i f f u s i o n t a b <− r b i n d ( d i f f t a b l e [ [ 1 ] ] , d i f f t a b l e [ [ 2 ] ] , d i f f t a b l e [ [ 3 ] ] ,

d i f f t a b l e [ [ 4 ] ] , d i f f t a b l e [ [ 5 ] ] ,

d i f f t a b l e [ [ 6 ] ] , d i f f t a b l e [ [ 7 ] ] , d i f f t a b l e [ [ 8 ] ] ,

d i f f t a b l e [ [ 9 ] ] )

# d e f i n e t h r e s h o l d o f t h e r a t i o f o r a d i f f u s i o n t o be s i g n i f i c a n t

d i f f t <−1 . 1

# d e f i n e t h r e s h o l d o f t h e r a t i o f o r a d i s s i p a t i o n t o be s i g n i f i c a n t

d i s s t <−0 . 9

# keep i m p o r t a n t v a r i a b l e s and produce new v a r i a b l e s f o r p u b l i c a t i o n i n

t h e s i s

d i f f u s i o n t a b $ d i f f u s i o n<− i f e l s e ( d i f f u s i o n t a b $ d e l t a d i f f >= d i f f t , " d i f f u s i o n "

, i f e l s e ( d i f f u s i o n t a b $ d e l t a d i f f <= 0 . 9 , " r e t r a c t i o n " , "N/D" ) )

d i f f u s i o n t a b <− d i f f u s i o n t a b [ c (−4 ,−5) ]

d i f f u s i o n t a b <− d i f f u s i o n t a b [ , c ( "N" , " o r i g i n " , " F S I o r i g i n " , " d e s t i n " , "

F S I d e s t i n " , " d e l t a d i f f " , " d i f f u s i o n " , " y e a r " ) ]

co lnames ( d i f f u s i o n t a b )<−c ( "N" , " O r i g i n " , " F S I o r i g i n " , " D e s t i n " , " F S I d e s t i n " ,

" O b s d i f f " , " D i f f u s i o n " , " Year " )
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d i f f u s i o n t a b $ O r i g i n<−as . c h a r a c t e r ( d i f f u s i o n t a b $ O r i g i n ) ; d i f f u s i o n t a b $

D e s t i n<−as . c h a r a c t e r ( d i f f u s i o n t a b $ D e s t i n )

d i f f u s i o n t a b [ d i f f u s i o n t a b ==" Democra t i c R e p u b l i c o f t h e Congo " ] <− "DRC"

d i f f u s i o n t a b [ d i f f u s i o n t a b ==" Un i t e d R e p u b l i c o f T a n z a n i a " ] <− " T a n z a n i a "

# g e t a v e r a g e FSI from o r i g i n a l f i l e s o f FSI y e a r s 2005 t o 2013

FSIavg<−c ( 8 8 . 6 8 , 7 0 . 7 9 , 7 0 . 5 6 , 7 0 . 8 6 , 7 2 . 0 7 , 7 1 . 8 7 , 7 1 . 0 8 , 7 0 . 8 8 , 7 0 . 5 )

Year<−c ( 2 0 0 5 , 2 0 0 6 , 2 0 0 7 , 2 0 0 8 , 2 0 0 9 , 2 0 1 0 , 2 0 1 1 , 2 0 1 2 , 2 0 1 3 )

FSIavg<−as . d a t a . f rame ( c b i n d ( FSIavg , Year ) )

# merge wi th d f

d i f f u s i o n t a b <−merge ( d i f f u s i o n t a b , FSIavg , by=" Year " )

# r e o r d e r d f

d i f f u s i o n t a b <− d i f f u s i o n t a b [ , c ( "N" , " O r i g i n " , " D e s t i n " , " O b s d i f f " , " D i f f u s i o n

" , " F S I o r i g i n " , " F S I d e s t i n " , " FSIavg " , " Year " ) ]

# r o u n d i n g

d i f f u s i o n t a b $ Year<−as . i n t e g e r ( d i f f u s i o n t a b $ Year )

d i f f u s i o n t a b

#OPTION : KEEP ONLY DIFFUSION OR RETRACTION IF ABSOLUTE VALUE > 10%

# d i f f u s i o n t a b <− d i f f u s i o n t a b [− g re p ( "N/D" , d i f f u s i o n t a b $ D i f f u s i o n ) , ]

# h i s t o g r a m which r e l a t e s t h e d i f f e r e n c e i n FSI a c c o r d i n g t o a r e a s o f

d i f f u s i o n and a r e a s o f r e t r a c t i o n

D i f f p o s<− d i f f u s i o n t a b [ d i f f u s i o n t a b $ O b s d i f f >= d i f f t , ]

D i f f n e g<− d i f f u s i o n t a b [ d i f f u s i o n t a b $ O b s d i f f <= d i s s t , ]

# b a s i c s t a t i s t i c s

d i f f f s i s t a t <−a g g r e g a t e ( d i f f u s i o n t a b , by= l i s t ( d i f f u s i o n t a b $ D i f f u s i o n ,

d i f f u s i o n t a b $ Year ) , FUN=mean , na . rm=TRUE)

f s im a x<−a g g r e g a t e ( d i f f u s i o n t a b , by= l i s t ( d i f f u s i o n t a b $ D i f f u s i o n ,

d i f f u s i o n t a b $ Year ) , FUN=max , na . rm=TRUE)

f s i m i n<−a g g r e g a t e ( d i f f u s i o n t a b , by= l i s t ( d i f f u s i o n t a b $ D i f f u s i o n ,

d i f f u s i o n t a b $ Year ) , FUN=min , na . rm=TRUE)

d i f f f s i s t a t <− d i f f f s i s t a t [ c (−3 ,−4 ,−5 ,−7) ]

f s im a x<−f s im a x [ c (−3 ,−4 ,−5 ,−6 ,−7 ,−10 ,−11) ]

names ( f s i ma x )<−c ( " Group . 1 " , " Group . 2 " , " F S I o r i g i n m a x " , " F S I d e s t i n m a x " )

f s i m i n<− f s i m i n [ c (−3 ,−4 ,−5 ,−6 ,−7 ,−10 ,−11) ]

names ( f s i m i n )<−c ( " Group . 1 " , " Group . 2 " , " F S I o r i g i n m i n " , " F S I d e s t i n m i n " )

d i f f f s i s t a t <−merge ( d i f f f s i s t a t , f s imax , by=c ( " Group . 1 " , " Group . 2 " ) )

d i f f f s i s t a t <−merge ( d i f f f s i s t a t , f s i m i n , by=c ( " Group . 1 " , " Group . 2 " ) )

# look a t d i f f u s i o n o b s e r v a t i o n i n o r i g i n c o u n t r y

d i f f o n l y<− d i f f f s i s t a t [ d i f f f s i s t a t $Group .1== " d i f f u s i o n " , ]

r e t r a c o n l y<− d i f f f s i s t a t [ d i f f f s i s t a t $Group .1== " r e t r a c t i o n " , ]
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# s t a t . t e s t t o check i f FSI i n h o t s p o t s d i f f e r e n t from FSI i n a r e a s o f

c o n t a g i o n / r e t r a c t i o n + c o m p a r i s i o n wi th FSI wor ld avg .

w i l c ox . t e s t ( d i f f u s i o n t a b $ F S I o r i g i n , d i f f u s i o n t a b $ FSIavg , a l t e r n a t i v e = c (

" g r e a t e r " ) )

w i l c ox . t e s t ( d i f f u s i o n t a b $ F S I d e s t i n , d i f f u s i o n t a b $ FSIavg , a l t e r n a t i v e = c (

" g r e a t e r " ) )

w i l c ox . t e s t ( d i f f o n l y $ F S I o r i g i n , d i f f o n l y $ F S I d e s t i n , a l t e r n a t i v e = c ( "

g r e a t e r " ) )

w i l c ox . t e s t ( d i f f o n l y $ F S I o r i g i n , d i f f o n l y $ FSIavg , a l t e r n a t i v e = c ( " g r e a t e r

" ) ) # FSI h o t w i th d i f f > wor ld avg p =0.00029

wi l c ox . t e s t ( d i f f o n l y $ F S I d e s t i n , d i f f o n l y $ FSIavg , a l t e r n a t i v e = c ( " g r e a t e r

" ) )

w i l c ox . t e s t ( r e t r a c o n l y $ F S I o r i g i n , r e t r a c o n l y $ F S I d e s t i n , a l t e r n a t i v e = c ( "

g r e a t e r " ) )

w i l c ox . t e s t ( r e t r a c o n l y $ F S I o r i g i n , r e t r a c o n l y $ FSIavg , a l t e r n a t i v e = c ( "

g r e a t e r " ) )

w i l c ox . t e s t ( r e t r a c o n l y $ F S I d e s t i n , r e t r a c o n l y $ FSIavg , a l t e r n a t i v e = c ( "

g r e a t e r " ) )

h o t a n d d i f f<− s u b s e t ( d i f f u s i o n t a b , D i f f u s i o n == ’ d i f f u s i o n ’ )

h o t a n d n o d i f f<− s u b s e t ( d i f f u s i o n t a b , D i f f u s i o n ! = ’ d i f f u s i o n ’ )

# s t a t . t e s t t o check i f FSI i n h o t s p o t s t h a t d i f f u s e d i f f e r e n t from

t h e i r d i f f u s i o n a r e a s

wi l c ox . t e s t ( h o t a n d d i f f $ F S I o r i g i n , h o t a n d d i f f $ F S I d e s t i n , a l t e r n a t i v e = c ( "

g r e a t e r " ) , e x a c t =FALSE)

wi l c ox . t e s t ( h o t a n d d i f f $ F S I o r i g i n , h o t a n d d i f f $ F S I d e s t i n , a l t e r n a t i v e = c ( "

l e s s " ) , e x a c t =FALSE)

# s t a t . t e s t t o check i f FSI i n h o t s p o t s t h a t d i f f u s e d i f f e r e n t from FSI

i n h o t s p o t s t h a t do n o t d i f f u s e

wi l c ox . t e s t ( h o t a n d d i f f $ F S I o r i g i n , h o t a n d n o d i f f $ F S I o r i g i n , a l t e r n a t i v e = c

( " g r e a t e r " ) )

w i l c ox . t e s t ( h o t a n d d i f f $ F S I o r i g i n , h o t a n d n o d i f f $ F S I o r i g i n , a l t e r n a t i v e = c

( " l e s s " ) )

# s t a t . t e s t t o check i f FSI a r e a o f d i f f u s i o n d i f f e r e n t from FSI i n

h o t s p o t s t h a t do n o t d i f f u s e

wi l c ox . t e s t ( h o t a n d d i f f $ F S I d e s t i n , h o t a n d n o d i f f $ F S I o r i g i n , a l t e r n a t i v e = c

( " l e s s " ) )

w i l c ox . t e s t ( h o t a n d d i f f $ F S I d e s t i n , h o t a n d n o d i f f $ F S I o r i g i n , a l t e r n a t i v e = c

( " g r e a t e r " ) )

# s t a t . t e s t t o check i f FSI i n h o t s p o t t h a t do n o t d i f f u s e i s e q u a l

w i th FSi i n i t s ne ighbou rhood
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wi l c ox . t e s t ( h o t a n d n o d i f f $ F S I d e s t i n , h o t a n d n o d i f f $ F S I o r i g i n , a l t e r n a t i v e =

c ( " l e s s " ) )

w i l c ox . t e s t ( h o t a n d n o d i f f $ F S I d e s t i n , h o t a n d n o d i f f $ F S I o r i g i n , a l t e r n a t i v e =

c ( " g r e a t e r " ) )

# t a b l e f o r LateX

r e q u i r e ( x t a b l e )

p r i n t ( x t a b l e ( d i f f u s i o n t a b , d i g i t s =1) , i n c l u d e . rownames=FALSE)

# look a t t h e FSI d i f f e r e n c e s between o r i g i n and ne ighbour hood f o r each

p a i r o f h o t s p o t / c o n t a g i o u s d i f f u s i o n a r e a s

# a v e r a g e v a l u e s f o r each polygon i n t h e o r i g i n and d e s t i n a t i o n

# a g g r e g a t e by polygon ID and by y e a r ( and by d i f f u s i o n t o d i f f e r e n t i a t e

d i f f u s i o n from r e t r a c t i o n ) i n o r d e r t o have c o u p l e o f o r i g i n and i t s

r e l a t e d a r e a s

# b a s i c s t a t i s t i c s

d e l t a F S I m e a n<−a g g r e g a t e ( d i f f u s i o n t a b , by= l i s t ( d i f f u s i o n t a b $ D i f f u s i o n ,

d i f f u s i o n t a b $ Year , d i f f u s i o n t a b $N) , FUN=mean , na . rm=TRUE)

de l t aFSImax<−a g g r e g a t e ( d i f f u s i o n t a b , by= l i s t ( d i f f u s i o n t a b $ D i f f u s i o n ,

d i f f u s i o n t a b $ Year , d i f f u s i o n t a b $N) , FUN=max , na . rm=TRUE)

d e l t a F S I m i n<−a g g r e g a t e ( d i f f u s i o n t a b , by= l i s t ( d i f f u s i o n t a b $ D i f f u s i o n ,

d i f f u s i o n t a b $ Year , d i f f u s i o n t a b $N) , FUN=min , na . rm=TRUE)

#End

a= d i f f u s i o n t a b [ d i f f u s i o n t a b $ D i f f u s i o n ==" d i f f u s i o n " , ] $ F S I d e s t i n

b= d i f f u s i o n t a b [ d i f f u s i o n t a b $ D i f f u s i o n ==" d i f f u s i o n " , ] $ F S I o r i g i n

c= d i f f u s i o n t a b [ d i f f u s i o n t a b $ D i f f u s i o n =="N/D" , ] $ F S I o r i g i n

# Make a l i s t o f t h e s e 2 v e c t o r s

C= l i s t ( a , b , c )

names (C) =c ( p a s t e ( " D i f f u s i o n \ n " , " a r e a " , sep =" " ) , p a s t e ( " H o t s p o t \ n " ,

" w i th d i f f u s i o n " , sep =" " ) , p a s t e ( " H o t s p o t \ n " , " w i t h o u t d i f f u s i o n "

, sep =" " ) )

# I change t h e mgp argument t o a v o i d t h e t e x t o v e r l a y s t h e x a x i s

p l o t . new ( )

mypath= p a s t e ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

r e v i s i o n / r e v i s e d P h D t h e s i s / C h a p t e r 6 / F i g s / R a s t e r / FSIschema . png " , sep =" " )

png ( f i l e =mypath , wid th =900 , h e i g h t =720)

p a r ( cex = 2 . 4 , mar=c ( 3 , 4 , 0 . 2 , 1 ) ,mgp=c ( 3 , 2 , 0 ) ) #mar : c ( bottom , l e f t , top ,

r i g h t )

b o x p l o t (C , main=NA, o u t c e x =1 ,
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x l a b =NA, y l a b =" FSI " , y l im =c ( 6 0 , 1 2 0 ) )

a b l i n e ( h = mean ( d i f f u s i o n t a b $ FSIavg , na . rm=T ) , c o l = " b l a c k " , lwd =2 , l t y =2)

t e x t ( x = 3 . 0 , y = 70 , l a b e l s = " World a v e r a g e FSI " ,

pos = NULL, o f f s e t = 0 . 5 , v f o n t = NULL,

cex = 0 . 7 5 , c o l = NULL, f o n t = NULL)

t e x t ( x = 3 . 0 , y = 119 , l a b e l s = " B e r n o u l l i model " ,

pos = NULL, o f f s e t = 0 . 5 , v f o n t = NULL,

cex = 0 . 7 5 , c o l = NULL, f o n t = NULL)

dev . o f f ( ) ; dev . o f f ( )

s ave . image ( "~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / d i f f u s i o n _ FSI .

RData " )

# l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / d i f f u s i o n _ FSI . RData " )

Table D.2 indicates the country of origin (Origin) of the centroid of the source of the diffu-

sion (hotspot) and the countries towards which terrorism diffuses (Destin). For each year, it

provides the values of the Fragile States Index (FSI) averaged within both Origin and Destin

polygons. Moreover, the worldwide annual average FSI (FSIavg) is computed based on val-

ues taken at all locations of terrorist events worldwide during the investigated time period.

Observations that indicate absolute values of diffusion or dissipation (Osbd f i f f ) smaller

than 0.1 have been excluded. The first column (N) identifies each diffusion area for each

year.

This is the code used to empirically assess the failed states theory with regard to diffusion

and dissipation of the number of lethal terrorist events and real observations.

#SPATIO−TEMPORAL MODELLING / P o i s s o n model o f t h e number o f l e t h a l

e v e n t s wor ldwide 2002−2013 (X c o v a r i a t e s )

#The code a s s e s s e s t h e p e r f o r m a n c e o f t h e model wi th r e g a r d t o t h e

c o n t a g i o u s d i f f u s i o n o f l e t h a l t e r r o r i s m and r e a l o b s e r v a t i o n s .

se twd ( "~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / STpoi sson " )

rm ( l i s t = l s ( ) )

l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / STpoi s son / p d i f f u s i o n _

modelvsobs . RData " )

r e q u i r e ( f o r e i g n )

r e q u i r e ( sp )

l i b r a r y ( INLA )

l i b r a r y ( s p a t s t a t )

l i b r a r y ( f i e l d s )

l i b r a r y ( m a p t o o l s )

l i b r a r y ( f i e l d s )
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Table D.2 Diffusion of lethal attacks and FSI (GTD 2005-2013)

1 Thailand Myanmar Inf diffusion 77.4 93.4 88.7 2005
1 Thailand China Inf diffusion 77.4 72.3 88.7 2005
1 Thailand Laos Inf diffusion 77.4 91.5 88.7 2005
1 Thailand Thailand Inf diffusion 77.4 77.4 88.7 2005
2 Pakistan 0.3 retraction 89.4 88.7 2005
2 India 0.3 retraction 69.5 88.7 2005
3 Algeria Afghanistan 0.6 retraction 81.2 99.0 88.7 2005
3 Algeria Pakistan 0.6 retraction 81.2 89.4 88.7 2005
4 India Russia 0.6 retraction 69.5 83.5 88.7 2005
4 India Georgia 0.6 retraction 69.5 88.7 2005
4 India Azerbaijan 0.6 retraction 69.5 85.7 88.7 2005
5 Afghanistan Syria 5.0 diffusion 99.0 91.5 88.7 2005
5 Afghanistan Iraq 5.0 diffusion 99.0 103.2 88.7 2005
5 Afghanistan Iran 5.0 diffusion 99.0 83.8 88.7 2005
5 Afghanistan Turkey 5.0 diffusion 99.0 86.1 88.7 2005
6 Russia Iran 0.7 retraction 83.5 83.8 88.7 2005
6 Russia Kuwait 0.7 retraction 83.5 88.7 2005
6 Russia Iraq 0.7 retraction 83.5 103.2 88.7 2005
7 Iraq Egypt Inf diffusion 103.2 88.8 88.7 2005
7 Iraq Syria Inf diffusion 103.2 91.5 88.7 2005
7 Iraq Israel Inf diffusion 103.2 88.7 2005
7 Iraq Jordan Inf diffusion 103.2 88.7 2005
7 Iraq Lebanon Inf diffusion 103.2 88.9 88.7 2005
8 Iran Algeria 2.0 diffusion 83.8 81.2 88.7 2005
1 Sri Lanka India 1.4 diffusion 92.4 70.4 70.8 2006
1 Sri Lanka Pakistan 1.4 diffusion 92.4 103.1 70.8 2006
2 Pakistan Afghanistan 2.5 diffusion 103.1 99.8 70.8 2006
2 Pakistan Iran 2.5 diffusion 103.1 84.0 70.8 2006
2 Pakistan Turkmenistan 2.5 diffusion 103.1 86.1 70.8 2006
2 Pakistan Pakistan 2.5 diffusion 103.1 103.1 70.8 2006
3 Iran Azerbaijan 1.0 N/D 84.0 81.9 70.8 2006
3 Iran Georgia 1.0 N/D 84.0 82.2 70.8 2006
3 Iran Russia 1.0 N/D 84.0 87.1 70.8 2006
4 India Turkey 0.8 retraction 70.4 74.4 70.8 2006
4 India Iraq 0.8 retraction 70.4 109.0 70.8 2006
4 India Iran 0.8 retraction 70.4 84.0 70.8 2006
4 India Syria 0.8 retraction 70.4 88.6 70.8 2006
5 Afghanistan Indonesia 1.3 diffusion 99.8 89.2 70.8 2006
6 Russia Sri Lanka 0.2 retraction 87.1 92.4 70.8 2006
7 Iraq Pakistan 2.8 diffusion 109.0 103.1 70.8 2006
8 Indonesia Iran Inf diffusion 89.2 84.0 70.8 2006
8 Indonesia Iraq Inf diffusion 89.2 109.0 70.8 2006
8 Indonesia Kuwait Inf diffusion 89.2 60.8 70.8 2006
1 Afghanistan Afghanistan 1.2 diffusion 102.3 102.3 70.6 2007
1 Afghanistan Turkmenistan 1.2 diffusion 102.3 87.5 70.6 2007
1 Afghanistan Iran 1.2 diffusion 102.3 82.8 70.6 2007
1 Afghanistan India 1.2 diffusion 102.3 70.8 70.6 2007
1 Afghanistan Tajikistan 1.2 diffusion 102.3 88.7 70.6 2007
1 Afghanistan Pakistan 1.2 diffusion 102.3 100.1 70.6 2007
2 Iraq Iran 2.5 diffusion 111.4 82.8 70.6 2007
2 Iraq Iraq 2.5 diffusion 111.4 111.4 70.6 2007
2 Iraq Kuwait 2.5 diffusion 111.4 62.1 70.6 2007
2 Iraq Turkey 2.5 diffusion 111.4 74.9 70.6 2007
2 Iraq Syria 2.5 diffusion 111.4 88.6 70.6 2007
3 Russia Russia 7.0 diffusion 81.2 81.2 70.6 2007
3 Russia Azerbaijan 7.0 diffusion 81.2 81.2 70.6 2007
3 Russia Georgia 7.0 diffusion 81.2 82.3 70.6 2007
4 Indonesia Indonesia 0.5 retraction 84.4 84.4 70.6 2007
5 Indonesia Indonesia 1.0 N/D 84.4 84.4 70.6 2007
6 Thailand Malaysia Inf diffusion 76.0 65.9 70.6 2007
6 Thailand Thailand Inf diffusion 76.0 76.0 70.6 2007
1 Afghanistan Afghanistan 1.5 diffusion 105.4 105.4 70.9 2008
1 Afghanistan Iran 1.5 diffusion 105.4 85.7 70.9 2008
1 Afghanistan Turkmenistan 1.5 diffusion 105.4 86.2 70.9 2008
1 Afghanistan India 1.5 diffusion 105.4 72.9 70.9 2008
1 Afghanistan Pakistan 1.5 diffusion 105.4 103.8 70.9 2008
1 Afghanistan Tajikistan 1.5 diffusion 105.4 88.9 70.9 2008
2 Iraq Kuwait 0.6 retraction 110.6 62.0 70.9 2008
2 Iraq Iran 0.6 retraction 110.6 85.7 70.9 2008
2 Iraq Iraq 0.6 retraction 110.6 110.6 70.9 2008
2 Iraq Syria 0.6 retraction 110.6 90.1 70.9 2008
2 Iraq Turkey 0.6 retraction 110.6 75.4 70.9 2008
3 Russia Azerbaijan 0.8 retraction 79.7 81.0 70.9 2008
3 Russia Russia 0.8 retraction 79.7 79.7 70.9 2008
3 Russia Georgia 0.8 retraction 79.7 83.8 70.9 2008
3 Russia Armenia 0.8 retraction 79.7 70.7 70.9 2008
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l i b r a r y ( l a t t i c e )

r e q u i r e ( r g e o s )

r e q u i r e ( r a s t e r )

r e q u i r e ( r g d a l )

r e q u i r e ( p l y r )

r e q u i r e ( g g p l o t 2 )

#work on c o u n t r y maps

# d e l e t e unmatched c o u n t r i e s

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" F a l k l a n d I s l a n d s " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" French S o u t h e r n and A n t a r c t i c

Lands " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" Green l and " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" Kosovo " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin=="New C a l e d o n i a " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" N o r t h e r n Cyprus " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" P a l e s t i n e " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" P u e r t o Rico " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" Vanuatu " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" Taiwan " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" S o m a l i l a n d " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" Western S a h a r a " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" Ant igua and Barbuda " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" Ant igua & Barbuda " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" Samoa " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" Sao Tome and P r i n c i p e " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" Sao Tome" ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" M i c r o n e s i a " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" Comoros " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" Barbados " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" Mald ives " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" Bhutan " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" S e y c h e l l e s " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" M a u r i t i u s " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" Mal ta " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" South Sudan " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" Grenada " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" Cape Verde " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" B a h r a i n " ) , ]

c o u n t r y<−c o u n t r y [ ! ( coun t ry@da ta $ admin==" S i n g a p o r e " ) , ]

coun t ry@da ta $ admin<−d r o p l e v e l s ( coun t ry@da ta $ admin )
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# c r e a t e 9 c o p i e s (2005−2013) o f c o u n t r y p o l y go n s t o add t e m p o r a l

d imens ion and name them s t a t e s [ [ i ] ]

s t a t e s <− l i s t ( )

f o r ( i i n 1 : 9 ) {

s t a t e s [ [ i ] ]<−c o u n t r y

}

# c r e a t e l i s t o f s p a t i a l po lygon df wi th c o u n t r y map by a d d i ng f a i l e d

s t a t e i n d e x ( FSI ) v a r i a b l e

# 2005 ( s e p a r a t e d from t h e r e s t ) download 2 3 . 6 . 1 5 : h t t p : / / f s i .

f u n d f o r p e a c e . o rg / r a n k i n g s −2005− s o r t a b l e

FSI1<− r e a d . csv ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews /

PhD / PhD_R / FSI / FSI2005 . csv " , h e a d e r = TRUE)

FSI1<− s u b s e t ( FSI1 , s e l e c t =c ( " Count ry " , " T o t a l " ) )

FSI<− l i s t ( ) #2005−2013

f o r ( i i n 1 : 1 ) {

FSI [ [ i ] ]<−FSI1

f o r ( i i n 2 : 9 ) {

FSI [ [ i ] ]<− r e a d . csv ( p a s t e ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n /

StAndrews / PhD / PhD_R / FSI / FSI " ,2004+ i , " . c sv " , sep =" " ) , h e a d e r = TRUE)

FSI [ [ i ] ]<− s u b s e t ( FSI [ [ i ] ] , s e l e c t =c ( p a s t e ( " F a i l e d . S t a t e s . Index . " ,2004+ i ,

sep =" " ) , " T o t a l " ) )

names ( FSI [ [ i ] ] ) <−c ( " Count ry " , " T o t a l " )

}}

f o r ( i i n 1 : 9 ) {

l e v e l s ( FSI [ [ i ] ] $ Count ry ) <− c ( l e v e l s ( FSI [ [ i ] ] $ Count ry ) , c ( " I v o r y Coas t " ,

" Democra t i c R e p u b l i c o f t h e Congo " , " C e n t r a l A f r i c a n R e p u b l i c " ,

" Bosn ia and Her zegov ina " , " S e r b i a and Montenegro " , " Guinea B i s s a u " , "

E a s t Timor " , " R e p u b l i c o f Congo " , " I s r a e l " , " R e p u b l i c o f S e r b i a " ,

" T r i n i d a d and Tobago " , " Un i t e d S t a t e s o f America " , " The Bahamas " , "

Un i t e d R e p u b l i c o f T a n z a n i a " , " Bosn ia " ) )

FSI [ [ i ] ] $ Count ry [ FSI [ [ i ] ] $ Count ry ==" Cote d ’ I v o i r e " ] <− " I v o r y Coas t "

FSI [ [ i ] ] $ Count ry [ FSI [ [ i ] ] $ Count ry ==" Congo (D. R . ) " ] <− " Democra t i c

R e p u b l i c o f t h e Congo "

FSI [ [ i ] ] $ Count ry [ FSI [ [ i ] ] $ Count ry ==" Congo , D. R . " ] <− " Democra t i c

R e p u b l i c o f t h e Congo "

FSI [ [ i ] ] $ Count ry [ FSI [ [ i ] ] $ Count ry ==" C e n t r a l A f r i c a n Rep . " ] <− " C e n t r a l

A f r i c a n R e p u b l i c "

FSI [ [ i ] ] $ Count ry [ FSI [ [ i ] ] $ Count ry ==" Bosn ia & Herz . " ] <− " Bosn ia and

He rzegov ina "

FSI [ [ i ] ] $ Count ry [ FSI [ [ i ] ] $ Count ry ==" Bosn ia " ] <− " Bosn ia and Her zegov ina "
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FSI [ [ i ] ] $ Count ry [ FSI [ [ i ] ] $ Count ry ==" S e r b i a & Mont . " ] <− " S e r b i a and

Montenegro "

FSI [ [ i ] ] $ Count ry [ FSI [ [ i ] ] $ Count ry ==" S e r b i a and Montenegro " ] <− " S e r b i a

and Montenegro "

FSI [ [ i ] ] $ Count ry [ FSI [ [ i ] ] $ Count ry ==" S e r b i a / Kosovo " ] <− " S e r b i a and

Montenegro "

FSI [ [ i ] ] $ Count ry [ FSI [ [ i ] ] $ Count ry ==" Guinea−B i s s a u " ] <− " Guinea B i s s a u "

FSI [ [ i ] ] $ Count ry [ FSI [ [ i ] ] $ Count ry ==" Timor−L e s t e " ] <− " E a s t Timor "

FSI [ [ i ] ] $ Count ry [ FSI [ [ i ] ] $ Count ry ==" Congo ( R e p u b l i c ) " ] <− " R e p u b l i c o f

Congo "

FSI [ [ i ] ] $ Count ry [ FSI [ [ i ] ] $ Count ry ==" Congo , R e p u b l i c " ] <− " R e p u b l i c o f

Congo "

FSI [ [ i ] ] $ Count ry [ FSI [ [ i ] ] $ Count ry ==" I s r a e l / West Bank " ] <− " I s r a e l "

FSI [ [ i ] ] $ Count ry [ FSI [ [ i ] ] $ Count ry ==" S e r b i a " ] <− " R e p u b l i c o f S e r b i a "

FSI [ [ i ] ] $ Count ry [ FSI [ [ i ] ] $ Count ry ==" T r i n i d a d " ] <− " T r i n i d a d and Tobago "

FSI [ [ i ] ] $ Count ry [ FSI [ [ i ] ] $ Count ry ==" T r i n a d a d " ] <− " T r i n i d a d and Tobago "

FSI [ [ i ] ] $ Count ry [ FSI [ [ i ] ] $ Count ry ==" Un i t e d S t a t e s " ] <− " U n i t e d S t a t e s o f

America "

FSI [ [ i ] ] $ Count ry [ FSI [ [ i ] ] $ Count ry ==" Bahamas " ] <− " The Bahamas "

FSI [ [ i ] ] $ Count ry [ FSI [ [ i ] ] $ Count ry ==" T a n z a n i a " ] <− " U n i t e d R e p u b l i c o f

T a n z a n i a "

FSI [ [ i ] ] $ Count ry [ FSI [ [ i ] ] $ Count ry ==" D i j b o u t i " ] <− " D j i b o u t i "

}

# d e l e t e d a t a t h a t c a n n o t be merged

f o r ( i i n 1 : 9 ) {

# FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" D j i b o u t i " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" F a l k l a n d I s l a n d s " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" French S o u t h e r n and A n t a r c t i c

Lands " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" Green l and " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" Kosovo " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry =="New C a l e d o n i a " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" N o r t h e r n Cyprus " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" P a l e s t i n e " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" P u e r t o Rico " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" Vanuatu " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" Taiwan " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" S o m a l i l a n d " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" Western S a h a r a " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" Ant igua and Barbuda " ) , ]
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FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" Ant igua & Barbuda " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" South Sudan " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" Samoa " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" Sao Tome and P r i n c i p e " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" Sao Tome" ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" Barbados " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" M i c r o n e s i a " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" Comoros " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" Barbados " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" Mald ives " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" Bhutan " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" M a u r i t i u s " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" Mal ta " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" S e y c h e l l e s " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" South Sudan " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" Grenada " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" S i n g a p o r e " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" B a h r a i n " ) , ]

FSI [ [ i ] ]<−FSI [ [ i ] ] [ ! ( FSI [ [ i ] ] $ Count ry ==" Cape Verde " ) , ]

}

f o r ( i i n 1 : 9 ) {

FSI [ [ i ] ] $ Count ry<−d r o p l e v e l s ( FSI [ [ i ] ] $ Count ry )

}

# merge d a t a o f FSI wi th s t a t e s

c o u n t r i e s<− l i s t ( )

F S I s t a t e<− l i s t ( )

f o r ( j i n 1 : 9 ) {

c o u n t r i e s [ [ j ] ]<−as . d a t a . f rame ( s t a t e s [ [ j ] ] @data$ admin )

names ( c o u n t r i e s [ [ j ] ] ) <−" Count ry "

F S I s t a t e [ [ j ] ]<−merge ( c o u n t r i e s [ [ j ] ] , FSI [ [ j ] ] , by=" Count ry " , a l l . x=TRUE)

F S I s t a t e [ [ j ] ]<−F S I s t a t e [ [ j ] ] [ o r d e r ( F S I s t a t e [ [ j ] ] $ Count ry ) , ] # o r d e r f o r

p r o p e r ma tch ing

s t a t e s [ [ j ] ]<− s t a t e s [ [ j ] ] [ o r d e r ( s t a t e s [ [ j ] ] $ admin ) , ] # o r d e r f o r p r o p e r

ma tch ing

}

# check i f c o u n t r y o r d e r i s i d e n t i c a l t o d e s t i n a t i o n d f . ( s h o u l d be TRUE

everywhere )

f o r ( j i n 1 : 9 ) {

check<− i d e n t i c a l ( F S I s t a t e [ [ j ] ] $ Country , s t a t e s [ [ j ] ] $ admin ) }

check # t h e v a l u e s h o u l d be TRUE
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# p u t FSI v a l u e s i n t o c o u n t r y map ( s t a t e s ) f o r each y e a r from 2005 t o

2013

f o r ( j i n 1 : 9 ) {

s t a t e s [ [ j ] ] @data <− d a t a . f rame ( s t a t e s [ [ j ] ] @data , F S I s t a t e [ [ j ] ] [ match (

s t a t e s [ [ j ] ] @data [ , ’ admin ’ ] , F S I s t a t e [ [ j ] ] [ , ’ Count ry ’ ] ) , ] ) #

s o v e r e i g n t i s name of v a r i a b l e o f s p d f and Count ry name of v a r i a b l e

o f d f which a r e t h e common v a r i a b l e on which t h e merge i s e x e c u t e d

.

}

# p l o t a n n u a l o b s e r v e d d i f f u s i o n p l o t . new ( )

minFSindex<− l i s t ( )

maxFSindex<− l i s t ( )

f o r ( j i n 1 : 9 ) {

minFSindex [ [ j ] ]<−min ( s t a t e s [ [ j ] ] @data$ T o t a l , na . rm=TRUE)

maxFSindex [ [ j ] ]<−max ( s t a t e s [ [ j ] ] @data$ T o t a l , na . rm=TRUE)

}

minFSI<−min ( u n l i s t ( minFSindex ) )

maxFSI<−max ( u n l i s t ( maxFSindex ) )

# minFSI<−0

#maxFSI<−130

brk<−seq ( minFSI , maxFSI , by =20)

n<− l e n g t h ( brk )−1

c o l s <− c ( " grey20 " , " g rey35 " , " g rey50 " , " g rey65 " , " g rey80 " )

# c o l s <−L l i n p a l ( n )

# d e f i n e t h r e s h o l d o f t h e r a t i o f o r a d i f f u s i o n t o be s i g n i f i c a n t

d i f f t <−1 . 1

# d e f i n e t h r e s h o l d o f t h e r a t i o f o r a d i s s i p a t i o n t o be s i g n i f i c a n t

d i s s t <−0 . 9

r e q u i r e ( Hmisc )

p l o t . new ( )

dev . o f f ( )

f o r ( j i n 1 : 9 ) # FSI i n d i c e s i n c o u n t r y a r e from 2005 t o 2013 b u t t h e

o b s e r v e d d i f f u s i o n has been computed from 2003 t o 2013

{

mypath= p a s t e ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD

/ r e v i s i o n / r e v i s e d P h D t h e s i s / C h a p t e r 6 / F i g s / R a s t e r / p o b s d i f f u s i o n " , j , " .

png " , sep =" " )

png ( f i l e =mypath , wid th =1440 , h e i g h t =720)

p a r ( cex = 2 . 9 , mar=c ( 3 . 5 , 1 . 5 , 1 . 2 , 0 . 1 ) ) #mar : c ( bottom , l e f t , top , r i g h t )
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p l o t ( s t a t e s [ [ j ] ] , c o l = c o l s [ f i n d I n t e r v a l ( s t a t e s [ [ j ] ] @data$ T o t a l , brk , a l l .

i n s i d e =TRUE) ] , x l im =c (−180 , 180) , y l im =c (−60 , 85) , y a x t =" n " , x a x t =" n " ,

x l a b =" " , y l a b =" "

, cex . main=1 , main=" " )

p l o t ( o b s d i f f [ [ j + 2 ] ] , b o r d e r =NA, c o l = i f e l s e ( o b s d i f f [ [ j + 2 ] ] @data$ d e l t a d i f f

> d i f f t , " r e d " , i f e l s e ( o b s d i f f [ [ j + 2 ] ] @data$ d e l t a d i f f < d i s s t , " b l u e " ,NA) )

, add=TRUE)

p l o t ( o b s h o t [ [ j + 2 ] ] , c o l =c ( " ye l l ow " ) , add=TRUE)

a x i s ( 2 , a t =c ( −60 , −40 , −20 ,0 ,20 ,40 ,60 ,80) , l a b e l s =c (−60 ,NA,−20 ,NA, 2 0 ,NA

, 6 0 ,NA) , cex = 1 . 4 , pos =−180 , c o l . a x i s =" b l a c k " )

a x i s ( 1 , a t =c ( −180 , −150 , −100 , −50 ,0 ,50 ,100 ,150 ,180) , pos =−60, l a b e l s =c (NA

, −150 , −100 , −50 ,0 ,50 ,100 ,150 ,NA) , cex = 1 . 4 , c o l . a x i s =" b l a c k " )

mtex t ( s i d e = 1 , cex = 2 . 9 , t e x t = " L o n g i t u d e " , l i n e = 1 . 3 )

# mtex t ( s i d e = 1 , cex = 2 . 9 , t e x t = 2004+ j , l i n e = 2 . 5 )

t i t l e ( main =2004+ j , l i n e = 0 . 0 , cex . main = 1 . 4 )

mtex t ( s i d e = 2 , cex = 2 . 9 , t e x t = " L a t i t u d e " , l i n e = −0.6)

l e g e n d ( l i s t ( x = −175 ,y = 37) , t i t l e =" FSI " , i n s e t = . 1 2 , cex =1 , b t y =" n " , t i t l e

. a d j = 0 . 2 ,

c ( " 17−37 " , " 37−57 " , " 57−77 " , " 77−97 " , " 97−115 " ) , f i l l =c ( " grey20 " , "

g rey35 " , " g rey50 " , " g rey65 " , " g rey80 " ) )

l e g e n d ( l i s t ( x = −55,y = −40) , cex =1 , b t y =" n " , n c o l =3 , t e x t . w id th =c

( 0 , 3 4 , 3 4 ) ,

c ( " h o t s p o t " , " d i f f u s i o n " , " d i s s i p a t i o n " ) , f i l l =c ( " ye l l ow " , " r e d " , "

b l u e " ) )

dev . o f f ( )

}

# o t h e r p l o t f o r check

# s p p l o t ( s t a t e s [ [ 7 ] ] , z c o l = " T o t a l " )

# c o u n t nb . o f h o t s p o t s

t a u<−0 . 2 5 # ( 0 . 2 5 c o r r e s p o n d s t o one−h a l f o f PRIO−g r i d c e l l a r e a )

a r e a s d i f f <− l i s t ( )

m a x a r e a s d i f f<− l i s t ( )

i n d e x d i f f<− l i s t ( )

d i f f d i s a g <− l i s t ( )

f o r ( j i n 1 : l e n g t h ( d i f f n e t d f ) ) {

# c a l c u l a t e a r e a s o f a l l p o l y g o ns i n c l u d e d i n b u f f e r a r e a s f o r each

y e a r

a r e a s d i f f [ [ j ] ]<− gArea ( d i f f n e t d f [ [ j ] ] , by id =TRUE)

i n d e x d i f f [ [ j ] ] <− which ( a r e a s d i f f [ [ j ] ] > t a u ) # f i n d p o s i t i o n where a r e a >

t a u
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}

# keep polygon wi th a rea > t a u

d i f f p o l y n e t d f<− l i s t ( )

f o r ( j i n 1 : l e n g t h ( d i f f n e t d f ) ) {

d i f f p o l y n e t d f [ [ j ] ]<− d i f f n e t d f [ [ j ] ] [ i n d e x d i f f [ [ j ] ] , ] # keep polygon wi th

a rea > t a u

}

nbho t<− l i s t ( )

f o r ( j i n 1 : 9 ) {

nbho t [ [ j + 2 ] ]<− l e n g t h ( d i s a g g r e g a t e ( d i f f p o l y n e t d f [ [ j + 2 ] ] ) ) }

nbho t<−nbho t [ c (−1 ,−2) ]

Reduce ( "+" , nbho t ) #nb . o f d i f f a r e a s

# c o u n t nb . o f s i g n . ne ighbou rhood a r e a s ( t o t a l o f 53)

n b d i f f<− l i s t ( )

f o r ( j i n 1 : 9 ) {

n b d i f f [ [ j + 2 ] ]<− l e n g t h ( d i s a g g r e g a t e ( o b s d i f f [ [ j + 2 ] ] ) ) }

n b d i f f<−n b d i f f [ c (−1 ,−2) ]

Reduce ( "+" , n b d i f f ) #nb . o f d i f f a r e a s

# c o u n t nb . o f ne ighbou rhood a r e a s wi th s i d g n i f i c a n t d i f f u s i o n /

d i s s i p a t i o n ( > 0 . 1 )

# f i n d o r i g i n / c e n t r o i d o f d i f f u s i o n a r e a s

c e n t d i f f <− l i s t ( )

o r i g i n<− l i s t ( )

f o r ( j i n 1 : 9 ) {

o b s d i f f [ [ j ] ]<−spTrans fo rm ( o b s d i f f [ [ j ] ] , CRS( "+ i n i t = epsg :3857 " ) ) # d i f f u s i o n

po lygon

s t a t e s [ [ j ] ]<−spTrans fo rm ( s t a t e s [ [ j ] ] , CRS( "+ i n i t = epsg :3857 " ) ) # c o u n t r y

po lygon

c e n t d i f f [ [ j ] ]<−g C e n t r o i d ( o b s d i f f [ [ j ] ] , by id =TRUE, i d = o b s d i f f [ [ j ] ] @data$N) #

c e n t r o i d o f d i f f u s i o n a r e a s

# e x t r a c t c o u n t r y name r e l a t e d t o t h e p o s i t i o n

o r i g i n [ [ j ] ]<−ove r ( c e n t d i f f [ [ j ] ] , s t a t e s [ [ j ] ] )

o r i g i n [ [ j ] ]<−o r i g i n [ [ j ] ] [ c ( 6 4 , 6 5 ) ]

co lnames ( o r i g i n [ [ j ] ] ) <−c ( " o r i g i n " , " F S I o r i g i n " )

o r i g i n [ [ j ] ] $ID<−rownames ( o r i g i n [ [ j ] ] )

# j o i n a t t r i b u t e s o f h o t s p o t o r i g i n t o d i f f u s i o n p o l y g o n s

o b s d i f f [ [ j ] ] @data = d a t a . f rame ( o b s d i f f [ [ j ] ] @data , o r i g i n [ [ j ] ] [ match (

o b s d i f f [ [ j ] ] @data [ , "N" ] , o r i g i n [ [ j ] ] [ , " ID " ] ) , ] )

}

# p u t s t a t e s a s d a t a f r a m e
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c o u n t r y d f<− l i s t ( )

f o r ( j i n 1 : 9 ) {

c o u n t r y d f [ [ j ] ]<−as . d a t a . f rame ( s t a t e s [ [ j ] ] @data$ Count ry ) # a l l wor ld

c o u n t r y

c o u n t r y d f [ [ j ] ] $ID<−rownames ( c o u n t r y d f [ [ j ] ] ) # c o u n t r i e s and t h e i r ID

colnames ( c o u n t r y d f [ [ j ] ] ) <−c ( " c o u n t r y " , " ID " )

}

# f i n d c o u n t r i e s i n t e r s e c t i n g wi th d i f f u s i o n a r e a s ( c o u l d be s i m p l i f i e d ? )

s t e p 1<− l i s t ( )

d i f f s t a t e s 1 <− l i s t ( )

f o r ( i i n 1 : l e n g t h ( o b s d i f f [ [ 1 ] ] ) ) {# from 1 t o t h e numb of d i f f u s i o n

a r e a s i n each y e a r

s t e p 1 [ [ i ] ]<−as . d a t a . f rame ( s t a t e s [ [ 1 ] ] [ o b s d i f f [ [ 1 ] ] [ i , ] , ] )

d i f f s t a t e s 1 [ [ i ] ]<−as . d a t a . f rame ( s t e p 1 [ [ i ] ] $ Count ry )

d i f f s t a t e s 1 [ [ i ] ] $ F S I d e s t i n<− s t e p 1 [ [ i ] ] $ T o t a l

d i f f s t a t e s 1 [ [ i ] ] $N<−as . i n t e g e r ( i ) # s h o u l d p u t i d e n t i c a l numbers : 1 f o r

f i r s t e l e m e n t s o f t h e l i s t , 2 f o r second e l e m e n t s o f t h e l i s t , . . .

f o r f u r t h e r merging

colnames ( d i f f s t a t e s 1 [ [ i ] ] ) <−c ( " d e s t i n " , " F S I d e s t i n " , "N" )

}

s t e p 2<− l i s t ( )

d i f f s t a t e s 2 <− l i s t ( )

f o r ( i i n 1 : l e n g t h ( o b s d i f f [ [ 2 ] ] ) ) {# from 2 t o t h e numb of d i f f u s i o n a r e a s

i n each y e a r

s t e p 2 [ [ i ] ]<−as . d a t a . f rame ( s t a t e s [ [ 2 ] ] [ o b s d i f f [ [ 2 ] ] [ i , ] , ] )

d i f f s t a t e s 2 [ [ i ] ]<−as . d a t a . f rame ( s t e p 2 [ [ i ] ] $ Count ry )

d i f f s t a t e s 2 [ [ i ] ] $ F S I d e s t i n<− s t e p 2 [ [ i ] ] $ T o t a l

d i f f s t a t e s 2 [ [ i ] ] $N<−as . i n t e g e r ( i ) # s h o u l d p u t i d e n t i c a l numbers : 1 f o r

f i r s t e l e m e n t s o f t h e l i s t , 2 f o r second e l e m e n t s o f t h e l i s t , . . .

f o r f u r t h e r merging

colnames ( d i f f s t a t e s 2 [ [ i ] ] ) <−c ( " d e s t i n " , " F S I d e s t i n " , "N" )

}

s t e p 3<− l i s t ( )

d i f f s t a t e s 3 <− l i s t ( )

f o r ( i i n 1 : l e n g t h ( o b s d i f f [ [ 3 ] ] ) ) {# from 3 t o t h e numb of d i f f u s i o n a r e a s

i n each y e a r

s t e p 3 [ [ i ] ]<−as . d a t a . f rame ( s t a t e s [ [ 3 ] ] [ o b s d i f f [ [ 3 ] ] [ i , ] , ] )

d i f f s t a t e s 3 [ [ i ] ]<−as . d a t a . f rame ( s t e p 3 [ [ i ] ] $ Count ry )

d i f f s t a t e s 3 [ [ i ] ] $ F S I d e s t i n<− s t e p 3 [ [ i ] ] $ T o t a l
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d i f f s t a t e s 3 [ [ i ] ] $N<−as . i n t e g e r ( i ) # s h o u l d p u t i d e n t i c a l numbers : 1 f o r

f i r s t e l e m e n t s o f t h e l i s t , 2 f o r second e l e m e n t s o f t h e l i s t , . . .

f o r f u r t h e r merging

colnames ( d i f f s t a t e s 3 [ [ i ] ] ) <−c ( " d e s t i n " , " F S I d e s t i n " , "N" )

}

s t e p 4<− l i s t ( )

d i f f s t a t e s 4 <− l i s t ( )

f o r ( i i n 1 : l e n g t h ( o b s d i f f [ [ 4 ] ] ) ) {# from 4 t o t h e numb of d i f f u s i o n a r e a s

i n each y e a r

s t e p 4 [ [ i ] ]<−as . d a t a . f rame ( s t a t e s [ [ 4 ] ] [ o b s d i f f [ [ 4 ] ] [ i , ] , ] )

d i f f s t a t e s 4 [ [ i ] ]<−as . d a t a . f rame ( s t e p 4 [ [ i ] ] $ Count ry )

d i f f s t a t e s 4 [ [ i ] ] $ F S I d e s t i n<− s t e p 4 [ [ i ] ] $ T o t a l

d i f f s t a t e s 4 [ [ i ] ] $N<−as . i n t e g e r ( i ) # s h o u l d p u t i d e n t i c a l numbers : 1 f o r

f i r s t e l e m e n t s o f t h e l i s t , 2 f o r second e l e m e n t s o f t h e l i s t , . . .

f o r f u r t h e r merging

colnames ( d i f f s t a t e s 4 [ [ i ] ] ) <−c ( " d e s t i n " , " F S I d e s t i n " , "N" )

}

s t e p 5<− l i s t ( )

d i f f s t a t e s 5 <− l i s t ( )

f o r ( i i n 1 : l e n g t h ( o b s d i f f [ [ 5 ] ] ) ) {# from 5 t o t h e numb of d i f f u s i o n a r e a s

i n each y e a r

s t e p 5 [ [ i ] ]<−as . d a t a . f rame ( s t a t e s [ [ 5 ] ] [ o b s d i f f [ [ 5 ] ] [ i , ] , ] )

d i f f s t a t e s 5 [ [ i ] ]<−as . d a t a . f rame ( s t e p 5 [ [ i ] ] $ Count ry )

d i f f s t a t e s 5 [ [ i ] ] $ F S I d e s t i n<− s t e p 5 [ [ i ] ] $ T o t a l

d i f f s t a t e s 5 [ [ i ] ] $N<−as . i n t e g e r ( i ) # s h o u l d p u t i d e n t i c a l numbers : 1 f o r

f i r s t e l e m e n t s o f t h e l i s t , 2 f o r second e l e m e n t s o f t h e l i s t , . . .

f o r f u r t h e r merging

colnames ( d i f f s t a t e s 5 [ [ i ] ] ) <−c ( " d e s t i n " , " F S I d e s t i n " , "N" )

}

s t e p 6<− l i s t ( )

d i f f s t a t e s 6 <− l i s t ( )

f o r ( i i n 1 : l e n g t h ( o b s d i f f [ [ 6 ] ] ) ) {# from 6 t o t h e numb of d i f f u s i o n a r e a s

i n each y e a r

s t e p 6 [ [ i ] ]<−as . d a t a . f rame ( s t a t e s [ [ 6 ] ] [ o b s d i f f [ [ 6 ] ] [ i , ] , ] )

d i f f s t a t e s 6 [ [ i ] ]<−as . d a t a . f rame ( s t e p 6 [ [ i ] ] $ Count ry )

d i f f s t a t e s 6 [ [ i ] ] $ F S I d e s t i n<− s t e p 6 [ [ i ] ] $ T o t a l

d i f f s t a t e s 6 [ [ i ] ] $N<−as . i n t e g e r ( i ) # s h o u l d p u t i d e n t i c a l numbers : 1 f o r

f i r s t e l e m e n t s o f t h e l i s t , 2 f o r second e l e m e n t s o f t h e l i s t , . . .

f o r f u r t h e r merging

colnames ( d i f f s t a t e s 6 [ [ i ] ] ) <−c ( " d e s t i n " , " F S I d e s t i n " , "N" )
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}

s t e p 7<− l i s t ( )

d i f f s t a t e s 7 <− l i s t ( )

f o r ( i i n 1 : l e n g t h ( o b s d i f f [ [ 7 ] ] ) ) {# from 7 t o t h e numb of d i f f u s i o n a r e a s

i n each y e a r

s t e p 7 [ [ i ] ]<−as . d a t a . f rame ( s t a t e s [ [ 7 ] ] [ o b s d i f f [ [ 7 ] ] [ i , ] , ] )

d i f f s t a t e s 7 [ [ i ] ]<−as . d a t a . f rame ( s t e p 7 [ [ i ] ] $ Count ry )

d i f f s t a t e s 7 [ [ i ] ] $ F S I d e s t i n<− s t e p 7 [ [ i ] ] $ T o t a l

d i f f s t a t e s 7 [ [ i ] ] $N<−as . i n t e g e r ( i ) # s h o u l d p u t i d e n t i c a l numbers : 1 f o r

f i r s t e l e m e n t s o f t h e l i s t , 2 f o r second e l e m e n t s o f t h e l i s t , . . .

f o r f u r t h e r merging

colnames ( d i f f s t a t e s 7 [ [ i ] ] ) <−c ( " d e s t i n " , " F S I d e s t i n " , "N" )

}

s t e p 8<− l i s t ( )

d i f f s t a t e s 8 <− l i s t ( )

f o r ( i i n 1 : l e n g t h ( o b s d i f f [ [ 8 ] ] ) ) {# from 8 t o t h e numb of d i f f u s i o n a r e a s

i n each y e a r

s t e p 8 [ [ i ] ]<−as . d a t a . f rame ( s t a t e s [ [ 8 ] ] [ o b s d i f f [ [ 8 ] ] [ i , ] , ] )

d i f f s t a t e s 8 [ [ i ] ]<−as . d a t a . f rame ( s t e p 8 [ [ i ] ] $ Count ry )

d i f f s t a t e s 8 [ [ i ] ] $ F S I d e s t i n<− s t e p 8 [ [ i ] ] $ T o t a l

d i f f s t a t e s 8 [ [ i ] ] $N<−as . i n t e g e r ( i ) # s h o u l d p u t i d e n t i c a l numbers : 1 f o r

f i r s t e l e m e n t s o f t h e l i s t , 2 f o r second e l e m e n t s o f t h e l i s t , . . .

f o r f u r t h e r merging

colnames ( d i f f s t a t e s 8 [ [ i ] ] ) <−c ( " d e s t i n " , " F S I d e s t i n " , "N" )

}

s t e p 9<− l i s t ( )

d i f f s t a t e s 9 <− l i s t ( )

f o r ( i i n 1 : l e n g t h ( o b s d i f f [ [ 9 ] ] ) ) {# from 9 t o t h e numb of d i f f u s i o n a r e a s

i n each y e a r

s t e p 9 [ [ i ] ]<−as . d a t a . f rame ( s t a t e s [ [ 9 ] ] [ o b s d i f f [ [ 9 ] ] [ i , ] , ] )

d i f f s t a t e s 9 [ [ i ] ]<−as . d a t a . f rame ( s t e p 9 [ [ i ] ] $ Count ry )

d i f f s t a t e s 9 [ [ i ] ] $ F S I d e s t i n<− s t e p 9 [ [ i ] ] $ T o t a l

d i f f s t a t e s 9 [ [ i ] ] $N<−as . i n t e g e r ( i ) # s h o u l d p u t i d e n t i c a l numbers : 1 f o r

f i r s t e l e m e n t s o f t h e l i s t , 2 f o r second e l e m e n t s o f t h e l i s t , . . .

f o r f u r t h e r merging

colnames ( d i f f s t a t e s 9 [ [ i ] ] ) <−c ( " d e s t i n " , " F S I d e s t i n " , "N" )

}

# p u t d f t o g e t h e r i n t o a l i s t

d i f f s t a t e s <− l i s t ( d i f f s t a t e s 1 , d i f f s t a t e s 2 , d i f f s t a t e s 3 , d i f f s t a t e s 4 ,

d i f f s t a t e s 5 , d i f f s t a t e s 6 , d i f f s t a t e s 7 , d i f f s t a t e s 8 , d i f f s t a t e s 9 )
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f o r ( j i n 1 : 9 ) {# from 9 t o t h e numb of d i f f u s i o n a r e a s i n each y e a r

d i f f s t a t e s [ [ j ] ] = Reduce ( f u n c t i o n ( . . . ) merge ( . . . , a l l =T ) , d i f f s t a t e s [ [ j

] ] ) # merge d f w i t h i n each y e a r

}

# j o i n a t t r i b u t e s o f h o t s p o t o r i g i n t o d i f f u s i o n p o l y g o n s

d i f f t a b l e <− l i s t ( )

f o r ( i i n 1 : 9 ) {# from 1 t o t h e numb of d i f f u s i o n a r e a s i n each y e a r

o b s d i f f [ [ i ] ]<−as . d a t a . f rame ( o b s d i f f [ [ i ] ] ) # p u t a s a d a t a f r a m e f o r

f u r t h e r merging

o b s d i f f [ [ i ] ] $N <− as . numer ic ( a s . f a c t o r ( w i th ( o b s d i f f [ [ i ] ] , p a s t e ( ID , sep

=" _ " ) ) ) ) # t h e v a r i a b l e "N" g i v e a un iqu e i d e n t i f i e r f o r each c e n t r o i d

o f d i f f u s i o n a r e a s ( r e q u i r e d f o r f u r t h e r merging )

d i f f t a b l e [ [ i ] ]<−merge ( d i f f s t a t e s [ [ i ] ] , o b s d i f f [ [ i ] ] , by= ’N’ , a l l . x=TRUE) #

merging d e s t i n a t i o n s t a t e s wi th d i f f u s i o n a r e a s and o r i g i n

keeps <− c ( "N" , " d e s t i n " , " F S I d e s t i n " , " d i f f p o s " , " d i f f n e g " , " d e l t a d i f f " , "

o r i g i n " , " F S I o r i g i n " )

d i f f t a b l e [ [ i ] ]<− d i f f t a b l e [ [ i ] ] [ keeps ] # keep i m p o r t a n t v a r i a b l e s on ly

d i f f t a b l e [ [ i ] ] $ y e a r<−2004+ i # add y e a r o f d i f f u s i o n as new v a r i a b l e

}

# p u t a l l d f t o g e t h e r

d i f f u s i o n t a b <− r b i n d ( d i f f t a b l e [ [ 1 ] ] , d i f f t a b l e [ [ 2 ] ] , d i f f t a b l e [ [ 3 ] ] ,

d i f f t a b l e [ [ 4 ] ] , d i f f t a b l e [ [ 5 ] ] ,

d i f f t a b l e [ [ 6 ] ] , d i f f t a b l e [ [ 7 ] ] , d i f f t a b l e [ [ 8 ] ] ,

d i f f t a b l e [ [ 9 ] ] )

# d e f i n e t h r e s h o l d o f t h e r a t i o f o r a d i f f u s i o n t o be s i g n i f i c a n t

d i f f t <−1 . 1

# d e f i n e t h r e s h o l d o f t h e r a t i o f o r a d i s s i p a t i o n t o be s i g n i f i c a n t

d i s s t <−0 . 9

# keep i m p o r t a n t v a r i a b l e s and produce new v a r i a b l e s f o r p u b l i c a t i o n i n

t h e s i s

d i f f u s i o n t a b $ d i f f u s i o n<− i f e l s e ( d i f f u s i o n t a b $ d e l t a d i f f >= d i f f t , " d i f f u s i o n "

, i f e l s e ( d i f f u s i o n t a b $ d e l t a d i f f <= 0 . 9 , " r e t r a c t i o n " , "N/D" ) )

d i f f u s i o n t a b <− d i f f u s i o n t a b [ c (−4 ,−5) ]

d i f f u s i o n t a b <− d i f f u s i o n t a b [ , c ( "N" , " o r i g i n " , " F S I o r i g i n " , " d e s t i n " , "

F S I d e s t i n " , " d e l t a d i f f " , " d i f f u s i o n " , " y e a r " ) ]

co lnames ( d i f f u s i o n t a b )<−c ( "N" , " O r i g i n " , " F S I o r i g i n " , " D e s t i n " , " F S I d e s t i n " ,

" O b s d i f f " , " D i f f u s i o n " , " Year " )

d i f f u s i o n t a b $ O r i g i n<−as . c h a r a c t e r ( d i f f u s i o n t a b $ O r i g i n ) ; d i f f u s i o n t a b $

D e s t i n<−as . c h a r a c t e r ( d i f f u s i o n t a b $ D e s t i n )
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d i f f u s i o n t a b [ d i f f u s i o n t a b ==" Democra t i c R e p u b l i c o f t h e Congo " ] <− "DRC"

d i f f u s i o n t a b [ d i f f u s i o n t a b ==" Un i t e d R e p u b l i c o f T a n z a n i a " ] <− " T a n z a n i a "

# g e t a v e r a g e FSI from o r i g i n a l f i l e s o f FSI y e a r s 2005 t o 2013

FSIavg<−c ( 8 8 . 6 8 , 7 0 . 7 9 , 7 0 . 5 6 , 7 0 . 8 6 , 7 2 . 0 7 , 7 1 . 8 7 , 7 1 . 0 8 , 7 0 . 8 8 , 7 0 . 5 )

Year<−c ( 2 0 0 5 , 2 0 0 6 , 2 0 0 7 , 2 0 0 8 , 2 0 0 9 , 2 0 1 0 , 2 0 1 1 , 2 0 1 2 , 2 0 1 3 )

FSIavg<−as . d a t a . f rame ( c b i n d ( FSIavg , Year ) )

# merge wi th d f

d i f f u s i o n t a b <−merge ( d i f f u s i o n t a b , FSIavg , by=" Year " )

# r e o r d e r d f

d i f f u s i o n t a b <− d i f f u s i o n t a b [ , c ( "N" , " O r i g i n " , " D e s t i n " , " O b s d i f f " , " D i f f u s i o n

" , " F S I o r i g i n " , " F S I d e s t i n " , " FSIavg " , " Year " ) ]

# r o u n d i n g

d i f f u s i o n t a b $ Year<−as . i n t e g e r ( d i f f u s i o n t a b $ Year )

d i f f u s i o n t a b

#OPTION : KEEP ONLY DIFFUSION OR RETRACTION IF ABSOLUTE VALUE > 10%

# d i f f u s i o n t a b <− d i f f u s i o n t a b [− g re p ( "N/D" , d i f f u s i o n t a b $ D i f f u s i o n ) , ]

# h i s t o g r a m which r e l a t e s t h e d i f f e r e n c e i n FSI a c c o r d i n g t o a r e a s o f

d i f f u s i o n and a r e a s o f r e t r a c t i o n

D i f f p o s<− d i f f u s i o n t a b [ d i f f u s i o n t a b $ O b s d i f f >= d i f f t , ]

D i f f n e g<− d i f f u s i o n t a b [ d i f f u s i o n t a b $ O b s d i f f <= d i s s t , ]

# b a s i c s t a t i s t i c s

d i f f f s i s t a t <−a g g r e g a t e ( d i f f u s i o n t a b , by= l i s t ( d i f f u s i o n t a b $ D i f f u s i o n ,

d i f f u s i o n t a b $ Year ) , FUN=mean , na . rm=TRUE)

f s im a x<−a g g r e g a t e ( d i f f u s i o n t a b , by= l i s t ( d i f f u s i o n t a b $ D i f f u s i o n ,

d i f f u s i o n t a b $ Year ) , FUN=max , na . rm=TRUE)

f s i m i n<−a g g r e g a t e ( d i f f u s i o n t a b , by= l i s t ( d i f f u s i o n t a b $ D i f f u s i o n ,

d i f f u s i o n t a b $ Year ) , FUN=min , na . rm=TRUE)

d i f f f s i s t a t <− d i f f f s i s t a t [ c (−3 ,−4 ,−5 ,−7) ]

f s im a x<−f s im a x [ c (−3 ,−4 ,−5 ,−6 ,−7 ,−10 ,−11) ]

names ( f s i ma x )<−c ( " Group . 1 " , " Group . 2 " , " F S I o r i g i n m a x " , " F S I d e s t i n m a x " )

f s i m i n<− f s i m i n [ c (−3 ,−4 ,−5 ,−6 ,−7 ,−10 ,−11) ]

names ( f s i m i n )<−c ( " Group . 1 " , " Group . 2 " , " F S I o r i g i n m i n " , " F S I d e s t i n m i n " )

d i f f f s i s t a t <−merge ( d i f f f s i s t a t , f s imax , by=c ( " Group . 1 " , " Group . 2 " ) )

d i f f f s i s t a t <−merge ( d i f f f s i s t a t , f s i m i n , by=c ( " Group . 1 " , " Group . 2 " ) )

# b o x p l o t f o r LateX t h e s i s f i l e

# look a t d i f f u s i o n o b s e r v a t i o n i n o r i g i n c o u n t r y

d i f f o n l y<− d i f f f s i s t a t [ d i f f f s i s t a t $Group .1== " d i f f u s i o n " , ]

r e t r a c o n l y<− d i f f f s i s t a t [ d i f f f s i s t a t $Group .1== " r e t r a c t i o n " , ]
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# s t a t . t e s t t o check i f FSI i n h o t s p o t s d i f f e r e n t from FSI i n a r e a s o f

c o n t a g i o n / r e t r a c t i o n + c o m p a r i s i o n wi th FSI wor ld avg .

w i l c ox . t e s t ( d i f f u s i o n t a b $ F S I o r i g i n , d i f f u s i o n t a b $ FSIavg , a l t e r n a t i v e = c (

" g r e a t e r " ) )

w i l c ox . t e s t ( d i f f u s i o n t a b $ F S I d e s t i n , d i f f u s i o n t a b $ FSIavg , a l t e r n a t i v e = c (

" g r e a t e r " ) )

w i l c ox . t e s t ( d i f f o n l y $ F S I o r i g i n , d i f f o n l y $ F S I d e s t i n , a l t e r n a t i v e = c ( "

g r e a t e r " ) )

w i l c ox . t e s t ( d i f f o n l y $ F S I o r i g i n , d i f f o n l y $ FSIavg , a l t e r n a t i v e = c ( " g r e a t e r

" ) )

w i l c ox . t e s t ( d i f f o n l y $ F S I d e s t i n , d i f f o n l y $ FSIavg , a l t e r n a t i v e = c ( " g r e a t e r

" ) )

w i l c ox . t e s t ( r e t r a c o n l y $ F S I o r i g i n , r e t r a c o n l y $ F S I d e s t i n , a l t e r n a t i v e = c ( "

g r e a t e r " ) , e x a c t = FALSE , c o r r e c t = TRUE)

wi l c ox . t e s t ( r e t r a c o n l y $ F S I o r i g i n , r e t r a c o n l y $ FSIavg , a l t e r n a t i v e = c ( "

g r e a t e r " ) )

w i l c ox . t e s t ( r e t r a c o n l y $ F S I d e s t i n , r e t r a c o n l y $ FSIavg , a l t e r n a t i v e = c ( "

g r e a t e r " ) )

h o t a n d d i f f<− s u b s e t ( d i f f u s i o n t a b , D i f f u s i o n == ’ d i f f u s i o n ’ )

h o t a n d n o d i f f<− s u b s e t ( d i f f u s i o n t a b , D i f f u s i o n ! = ’ d i f f u s i o n ’ )

# s t a t . t e s t t o check i f FSI i n h o t s p o t s t h a t d i f f u s e d i f f e r e n t from

t h e i r d i f f u s i o n a r e a s

wi l c ox . t e s t ( h o t a n d d i f f $ F S I o r i g i n , h o t a n d d i f f $ F S I d e s t i n , a l t e r n a t i v e = c ( "

g r e a t e r " ) )

w i l c ox . t e s t ( h o t a n d d i f f $ F S I o r i g i n , h o t a n d d i f f $ F S I d e s t i n , a l t e r n a t i v e = c ( "

l e s s " ) )

mean ( h o t a n d d i f f $ F S I o r i g i n ) ; mean ( h o t a n d d i f f $ F S I d e s t i n , na . rm=T )

# s t a t . t e s t t o check i f FSI i n h o t s p o t s t h a t d i f f u s e d i f f e r e n t from FSI

i n h o t s p o t s t h a t do n o t d i f f u s e

wi l c ox . t e s t ( h o t a n d d i f f $ F S I o r i g i n , h o t a n d n o d i f f $ F S I o r i g i n , a l t e r n a t i v e = c

( " g r e a t e r " ) )

w i l c ox . t e s t ( h o t a n d d i f f $ F S I o r i g i n , h o t a n d n o d i f f $ F S I o r i g i n , a l t e r n a t i v e = c

( " l e s s " ) )

# s t a t . t e s t t o check i f FSI a r e a o f d i f f u s i o n d i f f e r e n t from FSI i n

h o t s p o t s t h a t do n o t d i f f u s e

wi l c ox . t e s t ( h o t a n d d i f f $ F S I d e s t i n , h o t a n d n o d i f f $ F S I o r i g i n , a l t e r n a t i v e = c

( " l e s s " ) )

w i l c ox . t e s t ( h o t a n d d i f f $ F S I d e s t i n , h o t a n d n o d i f f $ F S I o r i g i n , a l t e r n a t i v e = c

( " g r e a t e r " ) )
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# s t a t . t e s t t o check i f FSI i n h o t s p o t t h a t do n o t d i f f u s e i s e q u a l

w i th FSi i n i t s ne ighbou rhood

wi l c ox . t e s t ( h o t a n d n o d i f f $ F S I d e s t i n , h o t a n d n o d i f f $ F S I o r i g i n , a l t e r n a t i v e =

c ( " l e s s " ) )

w i l c ox . t e s t ( h o t a n d n o d i f f $ F S I d e s t i n , h o t a n d n o d i f f $ F S I o r i g i n , a l t e r n a t i v e =

c ( " g r e a t e r " ) )

# t a b l e f o r LateX

r e q u i r e ( x t a b l e )

p r i n t ( x t a b l e ( d i f f u s i o n t a b , d i g i t s =1) , i n c l u d e . rownames=FALSE)

#box p l o t f o r t h e t h e s i s

a= d i f f u s i o n t a b [ d i f f u s i o n t a b $ D i f f u s i o n ==" d i f f u s i o n " , ] $ F S I d e s t i n

b= d i f f u s i o n t a b [ d i f f u s i o n t a b $ D i f f u s i o n ==" d i f f u s i o n " , ] $ F S I o r i g i n

c= d i f f u s i o n t a b [ d i f f u s i o n t a b $ D i f f u s i o n =="N/D" , ] $ F S I o r i g i n

# Make a l i s t o f t h e s e 2 v e c t o r s

C= l i s t ( a , b , c )

names (C) =c ( p a s t e ( " D i f f u s i o n \ n " , " a r e a " , sep =" " ) , p a s t e ( " H o t s p o t \ n " ,

" w i th d i f f u s i o n " , sep =" " ) , p a s t e ( " H o t s p o t \ n " , " w i t h o u t d i f f u s i o n "

, sep =" " ) )

# I change t h e mgp argument t o a v o i d t h e t e x t o v e r l a y s t h e x a x i s

p l o t . new ( )

mypath= p a s t e ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

r e v i s i o n / r e v i s e d P h D t h e s i s / C h a p t e r 6 / F i g s / R a s t e r / pFSIschema . png " , sep =" "

)

png ( f i l e =mypath , wid th =900 , h e i g h t =720)

p a r ( cex = 2 . 4 , mar=c ( 3 , 4 , 0 . 2 , 1 ) ,mgp=c ( 3 , 2 , 0 ) ) #mar : c ( bottom , l e f t , top ,

r i g h t )

b o x p l o t (C , main=NA, o u t c e x =1 ,

x l a b =NA, y l a b =" FSI " , y l im =c ( 6 0 , 1 2 0 ) )

a b l i n e ( h = mean ( d i f f u s i o n t a b $ FSIavg , na . rm=T ) , c o l = " b l a c k " , lwd =2 , l t y =2)

t e x t ( x = 2 . 0 , y = 71 , l a b e l s = " World a v e r a g e FSI " ,

pos = NULL, o f f s e t = 0 . 5 , v f o n t = NULL,

cex = 0 . 7 5 , c o l = NULL, f o n t = NULL)

t e x t ( x = 3 . 0 , y = 119 , l a b e l s = " P o i s s o n model " ,

pos = NULL, o f f s e t = 0 . 5 , v f o n t = NULL,

cex = 0 . 7 5 , c o l = NULL, f o n t = NULL)

dev . o f f ( ) ; dev . o f f ( )

# look a t t h e FSI d i f f e r e n c e s between o r i g i n and ne ighbour hood f o r each

p a i r o f h o t s p o t / c o n t a g i o u s d i f f u s i o n a r e a s

# a v e r a g e v a l u e s f o r each polygon i n t h e o r i g i n and d e s t i n a t i o n
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# a g g r e g a t e by polygon ID and by y e a r ( and by d i f f u s i o n t o d i f f e r e n t i a t e

d i f f u s i o n from r e t r a c t i o n ) i n o r d e r t o have c o u p l e o f o r i g i n and i t s

r e l a t e d a r e a s

# b a s i c s t a t i s t i c s

d e l t a F S I m e a n<−a g g r e g a t e ( d i f f u s i o n t a b , by= l i s t ( d i f f u s i o n t a b $ D i f f u s i o n ,

d i f f u s i o n t a b $ Year , d i f f u s i o n t a b $N) , FUN=mean , na . rm=TRUE)

de l t aFSImax<−a g g r e g a t e ( d i f f u s i o n t a b , by= l i s t ( d i f f u s i o n t a b $ D i f f u s i o n ,

d i f f u s i o n t a b $ Year , d i f f u s i o n t a b $N) , FUN=max , na . rm=TRUE)

d e l t a F S I m i n<−a g g r e g a t e ( d i f f u s i o n t a b , by= l i s t ( d i f f u s i o n t a b $ D i f f u s i o n ,

d i f f u s i o n t a b $ Year , d i f f u s i o n t a b $N) , FUN=min , na . rm=TRUE)

# Opt ion : p l o t o b s e r v a t i o n wi th " s i g n i f i c a n t " d i f f u s i o n o r r e t r a c t i o n

d e l t a F S I m e a n<−d e l t a F S I m e a n [ c ( 1 , 2 , 3 , 9 , 1 0 , 1 1 ) ]

de l t aFSImax<−de l t aFSImax [ c ( 1 , 2 , 3 , 9 , 1 0 ) ]

names ( de l t aFSImax )<−c ( " Group . 1 " , " Group . 2 " , " Group . 3 " , " F S I d e s t i n m a x " , "

F S I o r i g i n m a x " )

d e l t a F S I m i n<−d e l t a F S I m i n [ c ( 1 , 2 , 3 , 9 , 1 0 ) ]

names ( d e l t a F S I m i n )<−c ( " Group . 1 " , " Group . 2 " , " Group . 3 " , " F S I d e s t i n m i n " , "

F S I o r i g i n m i n " )

d e l t a F S I<−merge ( de l t aFSImean , de l taFSImax , by=c ( " Group . 1 " , " Group . 2 " , " Group

. 3 " ) )

d e l t a F S I<−merge ( d e l t a F S I , d e l t a F S I m i n , by=c ( " Group . 1 " , " Group . 2 " , " Group . 3 " )

)

d e l t a F S I $ d e l t a m e a n<−d e l t a F S I $ F S I o r i g i n −d e l t a F S I $ F S I d e s t i n # c r e a t e

v a r i a b l e t h a t e x p r e s s s e s t h e d i f f e r e n c e i n t h e mean of FSI between

o r i g i n and d e s t i n a t i o n

# s e p a r a t e d i f f u s i o n and r e t r a c t i o n o b s e r v a t i o n s

d i f f d e l t a F S I o n l y<−d e l t a F S I [ d e l t a F S I $Group .1== " d i f f u s i o n " , ]

r e t r a c d e l t a F S I o n l y<−d e l t a F S I [ d e l t a F S I $Group .1== " r e t r a c t i o n " , ]

# d i f f u s i o n FSI

#World FSI from 2006 t o 2013 :

7 0 . 7 9 , 7 0 . 5 6 , 7 0 . 8 6 , 7 2 . 0 7 , 7 1 . 8 7 , 7 1 . 0 8 , 7 0 . 8 8 , 7 0 . 5

FSIwor ld0613<−mean ( 7 0 . 7 9 , 7 0 . 5 6 , 7 0 . 8 6 , 7 2 . 0 7 , 7 1 . 8 7 , 7 1 . 0 8 , 7 0 . 8 8 , 7 0 . 5 )

png ( f i l e n a m e =" ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / STpoi sson /

d i f f u s i o n / d e l t a F S I d i f f . png " , wid th =1444 , h e i g h t =724)

p a r ( cex = 2 . 5 , mar=c ( 4 . 5 , 5 . 1 , 0 . 8 , 0 . 5 ) + 0 . 1 ) #mar : c ( bottom , l e f t , top ,

r i g h t )

p l o t ( d i f f d e l t a F S I o n l y $Group . 2 , d i f f d e l t a F S I o n l y $ F S I o r i g i n ,

y l im =c ( 0 , 1 2 0 ) , pch =19 , x l a b =" y e a r s " , y l a b =" " , main=" " , axe s = FALSE ,

b t y = " n " )

a x i s ( 1 , a t =2006:2013 , l a b e l s =c ( 2 0 0 6 , 2 0 0 7 , 2 0 0 8 , 2 0 0 9 , 2 0 1 0 , 2 0 1 1 , 2 0 1 2 , 2 0 1 3 ) )
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a x i s ( s i d e =2 , a t = c ( 6 0 , 8 0 , 1 0 0 , 1 2 0 ) )

mtex t ( " FSI " , s i d e =2 , l i n e =3 , cex = 2 . 5 , a d j = 0 . 7 4 )

p o i n t s ( d i f f d e l t a F S I o n l y $Group . 2 , d i f f d e l t a F S I o n l y $ F S I d e s t i n , pch =8 , lwd =1 ,

cex =1)

c l i p ( 2 0 0 6 , 2 0 1 3 , 0 , 1 2 0 )

a b l i n e ( a=FSIworld0613 , b =0 , lwd =2 , l t y =3)

t e x t ( 2 0 0 7 , 7 0 , " World avg . FSI 2006−13 " , s r t = 0 . 2 , pos =3)

p a r ( new = TRUE, cex = 2 . 5 )

p l o t ( d i f f d e l t a F S I o n l y $ Group . 2 , d i f f d e l t a F S I o n l y $ de l t amean , pch =17 , lwd =2 ,

a xe s = FALSE , b t y = " n " , x l a b = " " , y l a b = " " , y l im =c ( −10 ,90) )

a x i s ( s i d e =2 , a t = c ( −10 ,0 ,10 ,20) )

mtex t ( " d e l t a FSI " , s i d e =2 , l i n e =3 , cex = 2 . 5 , a d j = 0 . 1 2 )

c l i p (2006 ,2013 , −25 ,15)

a b l i n e ( a =0 , b =0 , lwd =2 , l t y =2)

dev . o f f ( )

# r e t r a c t i o n FSI

png ( f i l e n a m e =" ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / STpoi sson /

d e l t a F S I r e t r a c . png " , wid th =1444 , h e i g h t =724)

p a r ( cex = 2 . 5 , mar=c ( 4 . 5 , 5 . 1 , 0 . 8 , 0 . 5 ) + 0 . 1 ) #mar : c ( bottom , l e f t , top ,

r i g h t )

p l o t ( r e t r a c d e l t a F S I o n l y $ Group . 2 , r e t r a c d e l t a F S I o n l y $ F S I o r i g i n ,

y l im =c ( 0 , 1 2 0 ) , pch =19 , x l a b =" y e a r s " , y l a b =" " , main=" " , axe s = FALSE ,

b t y = " n " )

a x i s ( 1 , a t =2006:2013 , l a b e l s =c ( 2 0 0 6 , 2 0 0 7 , 2 0 0 8 , 2 0 0 9 , 2 0 1 0 , 2 0 1 1 , 2 0 1 2 , 2 0 1 3 ) )

a x i s ( s i d e =2 , a t = c ( 6 0 , 8 0 , 1 0 0 , 1 2 0 ) )

mtex t ( " FSI " , s i d e =2 , l i n e =3 , cex = 2 . 5 , a d j = 0 . 7 4 )

p o i n t s ( r e t r a c d e l t a F S I o n l y $Group . 2 , r e t r a c d e l t a F S I o n l y $ F S I d e s t i n , pch =8 ,

lwd =1 , cex =1)

c l i p ( 2 0 0 6 , 2 0 1 3 , 0 , 1 2 0 )

a b l i n e ( a=FSIworld0613 , b =0 , lwd =2 , l t y =3)

t e x t ( 2 0 0 7 , 7 0 , " World avg . FSI 2006−13 " , s r t = 0 . 2 , pos =3)

p a r ( new = TRUE, cex = 2 . 5 )

p l o t ( r e t r a c d e l t a F S I o n l y $ Group . 2 , r e t r a c d e l t a F S I o n l y $ de l t amean , pch =17 , lwd

=2 , a xes = FALSE , b t y = " n " , x l a b = " " , y l a b = " " , y l im =c ( −5 ,100) )

a x i s ( s i d e =2 , a t = c ( −5 , 0 , 5 , 1 0 , 1 5 , 2 0 , 2 5 ) )

mtex t ( " d e l t a FSI " , s i d e =2 , l i n e =3 , cex = 2 . 5 , a d j = 0 . 1 2 )

c l i p (2006 ,2013 , −25 ,15)

a b l i n e ( a =0 , b =0 , lwd =2 , l t y =2)

dev . o f f ( )

# end
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s ave . image ( "~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / STpoi s son /

p d i f f u s i o n _ FSI . RData " )

# l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / STpoi sson / p d i f f u s i o n _

FSI . RData " )

D.6 Assessment of Economic Theory

This is the code used to empirically assess the theories that relate economic development

and the diffusion and dissipation of lethality and real observations.

#SPATIO−TEMPORAL MODELLING / B e r n o u l l i model o f l e t h a l e v e n t s wor ldwide

2002−2013

#The code a s s e s s e s economic t h e o r i e s wi th r e g a r d t o t h e c o n t a g i o u s

d i f f u s i o n o f l e t h a l t e r r o r i s m and r e a l o b s e r v a t i o n s .

se twd ( "~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / S T b i n o m i a l t o t a l " )

rm ( l i s t = l s ( ) )

l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / d i f f u s i o n _ modelvsobs .

RData " )

# s i n c e some o p e r a t i o n s a r e h i g h l y t ime consuming , l o a d t h i s d a t a t o have

t h e r e s u l t s d i r e c t l y :

# l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / d i f f u s i o n _GDP. RData " )

r e q u i r e ( f o r e i g n )

r e q u i r e ( sp )

l i b r a r y ( INLA )

l i b r a r y ( s p a t s t a t )

l i b r a r y ( f i e l d s )

l i b r a r y ( m a p t o o l s )

l i b r a r y ( f i e l d s )

l i b r a r y ( l a t t i c e )

r e q u i r e ( r g e o s )

r e q u i r e ( r a s t e r )

r e q u i r e ( r g d a l )

r e q u i r e ( p l y r )

r e q u i r e ( g g p l o t 2 )

# use same p r o j e c t i o n

f o r ( j i n 1 : 1 1 ) {

o b s d i f f [ [ j ] ]<−spTrans fo rm ( o b s d i f f [ [ j ] ] , CRS( "+ p r o j = l o n g l a t +datum=WGS84 +

no_ d e f s + towgs84 =0 ,0 ,0+ e l l p s =WGS84" ) ) # d i f f u s i o n po lygon
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h o t r p o l y [ [ j ] ]<−spTrans fo rm ( h o t r p o l y [ [ j ] ] , CRS( "+ p r o j = l o n g l a t +datum=WGS84

+no_ d e f s + towgs84 =0 ,0 ,0+ e l l p s =WGS84" ) ) # h o t s p o t s t h a t a r e w i t h i n

d i f f u s i o n polygon or t h a t do n o t have a s s o c i a t e d d i f f u s i o n polygon

}

# download l u m i n o s i t y v a l u e s from 2003 t o 2013

# L u m i n o s i t y ( s p a t i o −t e m p o r a l c o v a r i a t e )

# a dd in g l u m i n o s i t y d a t a a s s p a t i o −t e m p o r a l c o v a r i a t e

# s a t e l l i t e n i g h t l i g h t ( which has been reworked i n a r c g i s i n o r d e r t o

p u t 0 i f no v a l u e s + e x t e n t t o −90;90 l a t i t u d e )

# wi th a r c g i s " r a s t e r c a l c u l a t o r " f u n c t i o n : Con ( I s N u l l ( " i n p u t r a s t e r " ) , 0 , "

i n p u t r a s t e r " ) and p r o c e s s i n g e n v i r o n m e n t add l a t −90 t o 90 and l o n

−180 t o 180)

# t h e n e x p o r t e d as ASCII wi th a r c g i s " sample " f u n c t i o n

lum<− l i s t ( )

f o r ( j i n 1 : 7 ) {# e x t r a c t i o n f o r 2003 t o 2009

lum [ [ j ] ]<− r a s t e r ( p a s t e ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n /

StAndrews / PhD / PhD_R / l u m i n o s i t y / lum0 " ,2+ j , " . t i f " , sep =" " ) )

p r o j e c t i o n ( lum [ [ j ] ] ) <−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84

=0 ,0 ,0+ e l l p s =WGS84"

f o r ( j i n 8 : 1 1 ) {# e x t r a c t i o n f o r 2010 t o 2013

lum [ [ j ] ]<− r a s t e r ( p a s t e ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n /

StAndrews / PhD / PhD_R / l u m i n o s i t y / lum " ,2+ j , " . t i f " , sep =" " ) )

p r o j e c t i o n ( lum [ [ j ] ] ) <−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84

=0 ,0 ,0+ e l l p s =WGS84"

}}

# e x t r a c t v a l u e s o f l u m i n o s i t y v a l u e s w i t h i n h o t s p o t o f t e r r o r i s m

meanlumhot<− l i s t ( )

f o r ( j i n 1 : 1 1 ) {# c o m p u t a t i o n a l l y i n t e n s e , c a r e f u l , t h i s o p e r a t i o n c o u l d

t a k e a l o t o f t ime .

meanlumhot [ [ j ] ]<− e x t r a c t ( lum [ [ j ] ] , h o t r p o l y [ [ j ] ] )

}

# c o r r e c t i o n f o r l u m i n o s i t y v a l u e s i n o r d e r t o be a b l e t o compare them

t h r o u g h t ime ( a c c o r d i n g t o NOAA)

# i n t e r c a l i b r a t i o n based on Elv idge2013

# P r o c e s s : 1 ) c a l c u l a t e : Y = C0 + C1X + C2X^2 / / 2 ) Va lues > 63 a r e

t r u n c a t e d a t 63 / / 3 ) v a l u e s = 0 s t a y z e r o .

# f0 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 0 .0491+0 .9568 *x +0.0010 *x ^2 , 0 ) }#2002

v a l u e s : i f t h e v a l u e s a r e above 0 , e x e c u t e i n t e r c a l i b r a t i o n

f1 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 0 .2217+1 .5122 *x +0.0010 *x ^2 , 0 ) }# 2003

v a l u e s
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f2 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 0 .2853+1 .1955 *x +0.0010 *x ^2 , 0 ) }

f3 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , −0.0001+1.4159 *x +0.0010 *x ^2 , 0 ) }

f4 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 0 .1065+1 .1371 *x +0.0010 *x ^2 , 0 ) }

f5 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 0 .6394+0 .9114 *x +0.0010 *x ^2 , 0 ) }

f6 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 0 .5564+0 .9931 *x +0.0010 *x ^2 , 0 ) }

f7 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 0 .9492+1 .0683 *x +0.0010 *x ^2 , 0 ) }

f8 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 2 .3430+0 .5102 *x +0.0010 *x ^2 , 0 ) }

f9 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 1 .8956+0 .7345 *x +0.0010 *x ^2 , 0 ) }

f10 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 1 .8750+0 .6203 *x +0.0010 *x ^2 , 0 ) }

f11 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 1 .8750+0 .6203 *x +0.0010 *x ^2 , 0 ) }# 2013

v a l u e s

f o r ( j i n 1 : 1 1 ) {# c a l i b r a t e d v a l u e s i n s t e a d o f o r i g i n a l v a l u e s

meanlumhot [ [ j ] ]<−s a p p l y ( meanlumhot [ [ j ] ] , mean , na . rm=TRUE)

meanlumhot [ [ j ] ]<−as . d a t a . f rame ( s a p p l y ( meanlumhot [ [ j ] ] , p a s t e ( " f " , j , s ep =

" " ) ) )

meanlumhot [ [ j ] ] [ meanlumhot [ [ j ] ] > 63] <− 63 # t r u n c a t e i f v a l u e s a r e

h i g h e r t h a n 63

meanlumhot [ [ j ] ]<−as . d a t a . f rame ( meanlumhot [ [ j ] ] )

meanlumhot [ [ j ] ] $N<−rownames ( meanlumhot [ [ j ] ] )

meanlumhot [ [ j ] ] $ Year<−2002+ j

co lnames ( meanlumhot [ [ j ] ] ) <−c ( " meanlum " , "N" , " Year " )

}

# look a t d i f f u s i o n a r e a s

# e x t r a c t v a l u e s o f l u m i n o s i t y v a l u e s w i t h i n h o t s p o t o f t e r r o r i s m

mean lumdi f f<− l i s t ( )

rm ( j )

f o r ( j i n 1 : 1 1 ) {# c o m p u t a t i o n a l l y i n t e n s e . . .

mean lumdi f f [ [ j ] ]<− e x t r a c t ( lum [ [ j ] ] , o b s d i f f [ [ j ] ] )

}

f o r ( j i n 1 : 1 1 ) {# c a l i b r a t e d v a l u e s i n s t e a d o f o r i g i n a l v a l u e s

mean lumdi f f [ [ j ] ]<−s a p p l y ( mean lumdi f f [ [ j ] ] , mean , na . rm=TRUE)

mean lumdi f f [ [ j ] ]<−as . d a t a . f rame ( s a p p l y ( mean lumdi f f [ [ j ] ] , p a s t e ( " f " , j ,

s ep =" " ) ) )

mean lumdi f f [ [ j ] ] [ mean lumdi f f [ [ j ] ] > 63] <− 63 # t r u n c a t e i f v a l u e s a r e

h i g h e r t h a n 63

mean lumdi f f [ [ j ] ]<−as . d a t a . f rame ( mean lumdi f f [ [ j ] ] )

mean lumdi f f [ [ j ] ] $N<−rownames ( mean lumdi f f [ [ j ] ] )

mean lumdi f f [ [ j ] ] $ Year<−2002+ j

co lnames ( mean lumdi f f [ [ j ] ] ) <−c ( " meanlum " , "N" , " Year " )
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}

# #OPTION : p a r t i a l merge ( a l l . x=T ) : k e e p i n g on ly h o t s p o t s t h a t a r e

showing s i g n i f i c a n t d i f f u s i o n o r r e t r a c t i o n p r o c e s s e s

# #To use i n o r d e r t o f o c u s t h e a n a l y s i s o f t h e r e l a t i o n s h i o p between

t e r r o r i s m ’ s d i f f u s i o n ( and r e t r a c t i o n ) i n a r e a s where d i f f u s i o n /

r e t r a c t i o n o r i g i n a t e s and s p r e a d s .

# l u m d i f f u s i o n<− l i s t ( )

# f o r ( j i n 1 : 1 1 ) {# p u t d a t a i n t o d a t a f r a m e and add v a r i a b l e s f o r merging

i s s u e s

# l u m d i f f u s i o n [ [ j ] ]<−merge ( l u m d i f f [ [ j ] ] , lumhot [ [ j ] ] , by=c ( " Year " , "N" ) , a l l

. x=TRUE)

# colnames ( l u m d i f f u s i o n [ [ j ] ] ) <−c ( " Year " , "N" , " mean lumdi f f " , " s d l u m d i f f " , "

meanlumhot " , " sd lumhot " )

# }

#OPTION2 : t o t a l merge : k e e p i n g a l l h o t s p o t s

l u m d i f f u s i o n<− l i s t ( )

f o r ( j i n 1 : 1 1 ) {# p u t d a t a i n t o d a t a f r a m e and add v a r i a b l e s f o r merging

i s s u e s

l u m d i f f u s i o n [ [ j ] ]<−merge ( mean lumdi f f [ [ j ] ] , meanlumhot [ [ j ] ] , by=c ( " Year " , "N

" ) )

co lnames ( l u m d i f f u s i o n [ [ j ] ] ) <−c ( " Year " , "N" , " mean lumdi f f " , " meanlumhot " )

}

# merge lum v a l u e s wi th o b s e r v e d d i f f u s i o n v a l u e s

l u m f i n a l<− l i s t ( )

f o r ( j i n 1 : 1 1 ) {# p u t d a t a i n t o d a t a f r a m e and add v a r i a b l e s f o r merging

i s s u e s

l u m f i n a l [ [ j ] ]<−merge ( l u m d i f f u s i o n [ [ j ] ] , o b s d i f f [ [ j ] ] , by=c ( "N" ) , a l l . x=

TRUE)

}

# p u t a l l d f t o g e t h e r

l u m f i n a l<− r b i n d ( l u m f i n a l [ [ 1 ] ] , l u m f i n a l [ [ 2 ] ] , l u m f i n a l [ [ 3 ] ] , l u m f i n a l [ [ 4 ] ] ,

l u m f i n a l [ [ 5 ] ] , l u m f i n a l [ [ 6 ] ] ,

l u m f i n a l [ [ 7 ] ] , l u m f i n a l [ [ 8 ] ] , l u m f i n a l [ [ 9 ] ] , l u m f i n a l

[ [ 1 0 ] ] , l u m f i n a l [ [ 1 1 ] ] )

l u m f i n a l $ Year<−as . i n t e g e r ( l u m f i n a l $ Year )

l u m f i n a l<− l u m f i n a l [ c (−6 ,−8 ,−10) ] # keep i m p o r t a n t v a r i a b l e s

l u m f i n a l<− l u m f i n a l [ c o m p l e t e . c a s e s ( l u m f i n a l ) , ] # d e l e t e p o s s i b l e NA v a l u e s

# s e p a r a t e d i f f u s i o n from r e t r a c t i o n o b s e r v a t i o n s

l u m f i n a l $ d i f f u s i o n<− i f e l s e ( l u m f i n a l $ d e l t a d i f f >=1 .1 , " d i f f u s i o n " , i f e l s e (

l u m f i n a l $ d e l t a d i f f <= 0 . 9 , " r e t r a c t i o n " , "N/D" ) )
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#OPTION : KEEP ONLY DIFFUSION OR RETRACTION IF ABSOLUTE VALUE > 10%

# l u m f i n a l<− l u m f i n a l [− g re p ( "N/D" , l u m f i n a l $ d i f f u s i o n ) , ]

# t e s t i n g d i f f e r e n c e i n lum between h o t s p o t s t h a t d i f f u s e and t h e i r

ne ighbour hood ( n o t s i g )

w i l c ox . t e s t ( l u m f i n a l [ l u m f i n a l $ d i f f u s i o n ==" d i f f u s i o n " , ] $ meanlumdif f ,

l u m f i n a l [ l u m f i n a l $ d i f f u s i o n ==" d i f f u s i o n " , ] $ meanlumhot , a l t e r n a t i v e = c

( " l e s s " ) , p a i r e d =TRUE) # l e s s means x<y

wi l c ox . t e s t ( l u m f i n a l [ l u m f i n a l $ d i f f u s i o n ==" d i f f u s i o n " , ] $ meanlumdif f ,

l u m f i n a l [ l u m f i n a l $ d i f f u s i o n ==" d i f f u s i o n " , ] $ meanlumhot , a l t e r n a t i v e = c

( " g r e a t e r " ) , p a i r e d =TRUE) # g r e a t e r means x>y

# t e s t i n g d i f f e r e n c e i n lum from h o t s p o t s wi th d i f f u s i o n vs h o t s p o t s

w i t h o u t d i f f u s i o n a r e a s ( lum i n h o t wi th d i f f > h o t w i t h o u t d i f f )

w i l c ox . t e s t ( l u m f i n a l [ l u m f i n a l $ d i f f u s i o n ==" d i f f u s i o n " , ] $ meanlumhot ,

l u m f i n a l [ l u m f i n a l $ d i f f u s i o n ! =" d i f f u s i o n " , ] $ meanlumhot , a l t e r n a t i v e = c

( " l e s s " ) , e x a c t =FALSE) # l e s s means x<y

wi l c ox . t e s t ( l u m f i n a l [ l u m f i n a l $ d i f f u s i o n ==" d i f f u s i o n " , ] $ meanlumhot ,

l u m f i n a l [ l u m f i n a l $ d i f f u s i o n ! =" d i f f u s i o n " , ] $ meanlumhot , a l t e r n a t i v e = c

( " g r e a t e r " ) , e x a c t =FALSE) # g r e a t e r means x>y

# t e s t i n g d i f f e r e n c e i n lum between d i f f u s i o n a r e a s i n h o t s p o t s and

h o t s p o t s w i t h o u t d i f f u s i o n ( lum i n d i f f a r e a > h o t w i t h o u t d i f f )

w i l c ox . t e s t ( l u m f i n a l [ l u m f i n a l $ d i f f u s i o n ==" d i f f u s i o n " , ] $ meanlumdif f ,

l u m f i n a l [ l u m f i n a l $ d i f f u s i o n ! =" d i f f u s i o n " , ] $ meanlumhot , a l t e r n a t i v e = c

( " l e s s " ) , e x a c t =FALSE) # l e s s means x<y

wi l c ox . t e s t ( l u m f i n a l [ l u m f i n a l $ d i f f u s i o n ==" d i f f u s i o n " , ] $ meanlumdif f ,

l u m f i n a l [ l u m f i n a l $ d i f f u s i o n ! =" d i f f u s i o n " , ] $ meanlumhot , a l t e r n a t i v e = c

( " g r e a t e r " ) , e x a c t =FALSE) # g r e a t e r means x>y

# t e s t i n g d i f f e r e n c e i n lum between h o t s p o t s t h a t do n o t d i f f u s e and

t h e i r ne ighbour hood ( lum i n h o t w i t h o u t d i f f > t h e i r ne ighbo u rhood )

wi l c ox . t e s t ( l u m f i n a l [ l u m f i n a l $ d i f f u s i o n ! =" d i f f u s i o n " , ] $ meanlumdif f ,

l u m f i n a l [ l u m f i n a l $ d i f f u s i o n ! =" d i f f u s i o n " , ] $ meanlumhot , a l t e r n a t i v e = c

( " l e s s " ) , p a i r e d =TRUE) # l e s s means x<y

wi l c ox . t e s t ( l u m f i n a l [ l u m f i n a l $ d i f f u s i o n ! =" d i f f u s i o n " , ] $ meanlumdif f ,

l u m f i n a l [ l u m f i n a l $ d i f f u s i o n ! =" d i f f u s i o n " , ] $ meanlumhot , a l t e r n a t i v e = c

( " g r e a t e r " ) , p a i r e d =TRUE) # g r e a t e r means x>y

# compar ing h o t s p o t s mean lum wi th o t h e r l o c a t i o n s where t e r r o r i s m

o c c u r r e d

GTDlummean<− −0.1218624 # from SPDE . R ( a v e r a g e o f s t a n d a r d i s e d lum where

GTD t a k e n )

# one sample s t u d e n t t . t e s t
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t . t e s t ( l u m f i n a l $ meanlumhot , mu=GTDlummean ) # lum i n h o t > lum everywhere

e l s e

t . t e s t ( l u m f i n a l $ meanlumdif f , mu=GTDlummean ) # lum i n d i f f a r e a > lum

everywhere e l s e

a= l u m f i n a l [ l u m f i n a l $ d i f f u s i o n ==" d i f f u s i o n " , ] $ mean lumdi f f

b= l u m f i n a l [ l u m f i n a l $ d i f f u s i o n ==" d i f f u s i o n " , ] $ meanlumhot

c= l u m f i n a l [ l u m f i n a l $ d i f f u s i o n =="N/D" , ] $ meanlumhot

# Make a l i s t o f t h e s e 2 v e c t o r s

C= l i s t ( a , b , c )

names (C) =c ( p a s t e ( " D i f f u s i o n \ n " , " a r e a " , sep =" " ) , p a s t e ( " H o t s p o t \ n " ,

" w i th d i f f u s i o n " , sep =" " ) , p a s t e ( " H o t s p o t \ n " , " w i t h o u t d i f f u s i o n "

, sep =" " ) )

# I change t h e mgp argument t o a v o i d t h e t e x t o v e r l a y s t h e x a x i s

p l o t . new ( )

mypath= p a s t e ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

r e v i s i o n / r e v i s e d P h D t h e s i s / C h a p t e r 6 / F i g s / R a s t e r / lumschema . png " , sep =" " )

png ( f i l e =mypath , wid th =900 , h e i g h t =720)

p a r ( cex = 2 . 4 , mar=c ( 3 , 4 , 0 . 2 , 1 ) ,mgp=c ( 3 , 2 , 0 ) ) #mar : c ( bottom , l e f t , top ,

r i g h t )

b o x p l o t (C , main=NA, o u t c e x =1 ,

x l a b =NA, y l a b =" ( s t a n d a r d i s e d ) l u m i n o s i t y " , y l im =c ( −1 ,8) )

a b l i n e ( h = GTDlummean , c o l = " b l a c k " , lwd =2 , l t y =2)

t e x t ( x = 2 . 7 , y = −0.4 , l a b e l s = " World a v e r a g e ( s t a n d a r d i s e d ) l u m i n o s i t y "

,

pos = NULL, o f f s e t = 0 . 5 , v f o n t = NULL,

cex = 0 . 7 5 , c o l = NULL, f o n t = NULL)

t e x t ( x = 3 . 0 , y = 7 . 9 , l a b e l s = " B e r n o u l l i model " ,

pos = NULL, o f f s e t = 0 . 5 , v f o n t = NULL,

cex = 0 . 7 5 , c o l = NULL, f o n t = NULL)

dev . o f f ( ) ; dev . o f f ( )

s ave . image ( "~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / d i f f u s i o n _GDP.

RData " )

# l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / d i f f u s i o n _GDP. RData " )

# end

This is the code used to empirically assess the theories relate economic development and

the diffusion and dissipation of the number of lethal terrorist events and real observations.
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#SPATIO−TEMPORAL MODELLING / P o i s s o n model o f t h e number o f l e t h a l

e v e n t s wor ldwide 2002−2013

#The code a s s e s s e s t h e p e r f o r m a n c e o f t h e model wi th r e g a r d t o t h e

c o n t a g i o u s d i f f u s i o n o f l e t h a l t e r r o r i s m and r e a l o b s e r v a t i o n s .

se twd ( "~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / STpoi sson " )

rm ( l i s t = l s ( ) )

l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / STpoi s son / d i f f u s i o n _

modelvsobs . RData " )

# s i n c e some o p e r a t i o n s a r e h i g h l y t ime consuming , l o a d t h i s d a t a t o g e t

t h e r e s u l t s d i r e c t l y :

# l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / STpoi sson / p d i f f u s i o n _

GDP. RData " )

r e q u i r e ( f o r e i g n )

r e q u i r e ( sp )

l i b r a r y ( INLA )

l i b r a r y ( s p a t s t a t )

l i b r a r y ( f i e l d s )

l i b r a r y ( m a p t o o l s )

l i b r a r y ( f i e l d s )

l i b r a r y ( l a t t i c e )

r e q u i r e ( r g e o s )

r e q u i r e ( r a s t e r )

r e q u i r e ( r g d a l )

r e q u i r e ( p l y r )

r e q u i r e ( g g p l o t 2 )

#same p r o j e c t i o n

f o r ( j i n 1 : 1 1 ) {

o b s d i f f [ [ j ] ]<−spTrans fo rm ( o b s d i f f [ [ j ] ] , CRS( "+ p r o j = l o n g l a t +datum=WGS84 +

no_ d e f s + towgs84 =0 ,0 ,0+ e l l p s =WGS84" ) ) # d i f f u s i o n po lygon

h o t r p o l y [ [ j ] ]<−spTr ans fo rm ( h o t r p o l y [ [ j ] ] , CRS( "+ p r o j = l o n g l a t +datum=WGS84

+no_ d e f s + towgs84 =0 ,0 ,0+ e l l p s =WGS84" ) ) # h o t s p o t s t h a t a r e w i t h i n

d i f f u s i o n polygon or t h a t do n o t have a s s o c i a t e d d i f f u s i o n polygon

}

# download l u m i n o s i t y v a l u e s from 2003 t o 2013

# L u m i n o s i t y ( s p a t i o −t e m p o r a l c o v a r i a t e )

# a dd in g l u m i n o s i t y d a t a a s s p a t i o −t e m p o r a l c o v a r i a t e

# s a t e l l i t e n i g h t l i g h t ( which has been reworked i n a r c g i s i n o r d e r t o

p u t 0 i f no v a l u e s + e x t e n t t o −90;90 l a t i t u d e )
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# wi th a r c g i s " r a s t e r c a l c u l a t o r " f u n c t i o n : Con ( I s N u l l ( " i n p u t r a s t e r " ) , 0 , "

i n p u t r a s t e r " ) and p r o c e s s i n g e n v i r o n m e n t add l a t −90 t o 90 and l o n

−180 t o 180)

# t h e n e x p o r t e d as ASCII wi th a r c g i s " sample " f u n c t i o n

lum<− l i s t ( )

f o r ( j i n 1 : 7 ) {# e x t r a c t i o n f o r 2003 t o 2009

lum [ [ j ] ]<− r a s t e r ( p a s t e ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n /

StAndrews / PhD / PhD_R / l u m i n o s i t y / lum0 " ,2+ j , " . t i f " , sep =" " ) )

p r o j e c t i o n ( lum [ [ j ] ] ) <−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84

=0 ,0 ,0+ e l l p s =WGS84"

f o r ( j i n 8 : 1 1 ) {# e x t r a c t i o n f o r 2010 t o 2013

lum [ [ j ] ]<− r a s t e r ( p a s t e ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n /

StAndrews / PhD / PhD_R / l u m i n o s i t y / lum " ,2+ j , " . t i f " , sep =" " ) )

p r o j e c t i o n ( lum [ [ j ] ] ) <−"+ p r o j = l o n g l a t +datum=WGS84 +no_ d e f s + towgs84

=0 ,0 ,0+ e l l p s =WGS84"

}}

# e x t r a c t v a l u e s o f l u m i n o s i t y v a l u e s w i t h i n h o t s p o t o f t e r r o r i s m

meanlumhot<− l i s t ( )

f o r ( j i n 1 : 1 1 ) {# c o m p u t a t i o n a l l y i n t e n s e , c a r e f u l , t h i s o p e r a t i o n c o u l d

t a k e a l o t o f t ime .

meanlumhot [ [ j ] ]<− e x t r a c t ( lum [ [ j ] ] , h o t r p o l y [ [ j ] ] )

}

# c o r r e c t i o n f o r l u m i n o s i t y v a l u e s i n o r d e r t o be a b l e t o compare them

t h r o u g h t ime ( a c c o r d i n g t o NOAA)

# # i n t e r c a l i b r a t i o n based on Elv idge2013

# # P r o c e s s : 1 ) c a l c u l a t e : Y = C0 + C1X + C2X^2 / / 2 ) Va lues > 63 a r e

t r u n c a t e d a t 63 / / 3 ) v a l u e s = 0 s t a y z e r o .

# f0 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 0 .0491+0 .9568 *x +0.0010 *x ^2 , 0 ) }#2002

v a l u e s : i f t h e v a l u e s a r e above 0 , e x e c u t e i n t e r c a l i b r a t i o n

f1 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 0 .2217+1 .5122 *x +0.0010 *x ^2 , 0 ) }# 2003

v a l u e s

f2 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 0 .2853+1 .1955 *x +0.0010 *x ^2 , 0 ) }

f3 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , −0.0001+1.4159 *x +0.0010 *x ^2 , 0 ) }

f4 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 0 .1065+1 .1371 *x +0.0010 *x ^2 , 0 ) }

f5 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 0 .6394+0 .9114 *x +0.0010 *x ^2 , 0 ) }

f6 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 0 .5564+0 .9931 *x +0.0010 *x ^2 , 0 ) }

f7 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 0 .9492+1 .0683 *x +0.0010 *x ^2 , 0 ) }

f8 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 2 .3430+0 .5102 *x +0.0010 *x ^2 , 0 ) }

f9 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 1 .8956+0 .7345 *x +0.0010 *x ^2 , 0 ) }

f10 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 1 .8750+0 .6203 *x +0.0010 *x ^2 , 0 ) }
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f11 <− f u n c t i o n ( x ) { i f e l s e ( x >0 , 1 .8750+0 .6203 *x +0.0010 *x ^2 , 0 ) }# 2013

v a l u e s

f o r ( j i n 1 : 1 1 ) {# c a l i b r a t e d v a l u e s i n s t e a d o f o r i g i n a l v a l u e s

meanlumhot [ [ j ] ]<−s a p p l y ( meanlumhot [ [ j ] ] , mean , na . rm=TRUE)

meanlumhot [ [ j ] ]<−as . d a t a . f rame ( s a p p l y ( meanlumhot [ [ j ] ] , p a s t e ( " f " , j , s ep =

" " ) ) )

meanlumhot [ [ j ] ] [ meanlumhot [ [ j ] ] > 63] <− 63 # t r u n c a t e i f v a l u e s a r e

h i g h e r t h a n 63

meanlumhot [ [ j ] ]<−as . d a t a . f rame ( meanlumhot [ [ j ] ] )

meanlumhot [ [ j ] ] $N<−rownames ( meanlumhot [ [ j ] ] )

meanlumhot [ [ j ] ] $ Year<−2002+ j

co lnames ( meanlumhot [ [ j ] ] ) <−c ( " meanlum " , "N" , " Year " )

}

# d i f f u s i o n a r e a s

# e x t r a c t v a l u e s o f l u m i n o s i t y v a l u e s w i t h i n h o t s p o t o f t e r r o r i s m

mean lumdi f f<− l i s t ( )

rm ( j )

f o r ( j i n 1 : 1 1 ) {# c o m p u t a t i o n a l l y i n t e n s e . . .

mean lumdi f f [ [ j ] ]<− e x t r a c t ( lum [ [ j ] ] , o b s d i f f [ [ j ] ] )

}

f o r ( j i n 1 : 1 1 ) {# c a l i b r a t e d v a l u e s i n s t e a d o f o r i g i n a l v a l u e s

mean lumdi f f [ [ j ] ]<−s a p p l y ( mean lumdi f f [ [ j ] ] , mean , na . rm=TRUE)

mean lumdi f f [ [ j ] ]<−as . d a t a . f rame ( s a p p l y ( mean lumdi f f [ [ j ] ] , p a s t e ( " f " , j ,

s ep =" " ) ) )

mean lumdi f f [ [ j ] ] [ mean lumdi f f [ [ j ] ] > 63] <− 63 # t r u n c a t e i f v a l u e s a r e

h i g h e r t h a n 63

mean lumdi f f [ [ j ] ]<−as . d a t a . f rame ( mean lumdi f f [ [ j ] ] )

mean lumdi f f [ [ j ] ] $N<−rownames ( mean lumdi f f [ [ j ] ] )

mean lumdi f f [ [ j ] ] $ Year<−2002+ j

co lnames ( mean lumdi f f [ [ j ] ] ) <−c ( " meanlum " , "N" , " Year " )

}

# merging mean and sd v a l u e s i n h o t s p o t and d i f f u s i o n a r e a s

l u m d i f f u s i o n<− l i s t ( )

f o r ( j i n 1 : 1 1 ) {# p u t d a t a i n t o d a t a f r a m e and add v a r i a b l e s f o r merging

i s s u e s

l u m d i f f u s i o n [ [ j ] ]<−merge ( mean lumdi f f [ [ j ] ] , meanlumhot [ [ j ] ] , by=c ( " Year " ,

"N" ) )

co lnames ( l u m d i f f u s i o n [ [ j ] ] ) <−c ( " Year " , "N" , " mean lumdi f f " , " meanlumhot " )

}
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# merge lum v a l u e s wi th o b s e r v e d d i f f u s i o n v a l u e s

l u m f i n a l<− l i s t ( )

f o r ( j i n 1 : 1 1 ) {# p u t d a t a i n t o d a t a f r a m e and add v a r i a b l e s f o r merging

i s s u e s

l u m f i n a l [ [ j ] ]<−merge ( l u m d i f f u s i o n [ [ j ] ] , o b s d i f f [ [ j ] ] , by=c ( "N" ) , a l l . x=

TRUE)

}

# p u t a l l d f t o g e t h e r

l u m f i n a l<− r b i n d ( l u m f i n a l [ [ 1 ] ] , l u m f i n a l [ [ 2 ] ] , l u m f i n a l [ [ 3 ] ] , l u m f i n a l [ [ 4 ] ] ,

l u m f i n a l [ [ 5 ] ] , l u m f i n a l [ [ 6 ] ] ,

l u m f i n a l [ [ 7 ] ] , l u m f i n a l [ [ 8 ] ] , l u m f i n a l [ [ 9 ] ] , l u m f i n a l

[ [ 1 0 ] ] , l u m f i n a l [ [ 1 1 ] ] )

l u m f i n a l $ Year<−as . i n t e g e r ( l u m f i n a l $ Year )

l u m f i n a l<− l u m f i n a l [ c (−6 ,−8 ,−10) ] # keep i m p o r t a n t v a r i a b l e s

l u m f i n a l<− l u m f i n a l [ c o m p l e t e . c a s e s ( l u m f i n a l ) , ] # d e l e t e p o s s i b l e NA v a l u e s

# s e p a r a t e d i f f u s i o n from r e t r a c t i o n o b s e r v a t i o n s

l u m f i n a l $ d i f f u s i o n<− i f e l s e ( l u m f i n a l $ d e l t a d i f f >=1 .1 , " d i f f u s i o n " , i f e l s e (

l u m f i n a l $ d e l t a d i f f <= 0 . 9 , " r e t r a c t i o n " , "N/D" ) )

#OPTION : KEEP ONLY DIFFUSION OR RETRACTION IF ABSOLUTE VALUE > 10%

# l u m f i n a l<− l u m f i n a l [− g re p ( "N/D" , l u m f i n a l $ d i f f u s i o n ) , ]

# t e s t i n g d i f f e r e n c e i n lum between h o t s p o t s t h a t d i f f u s e and t h e i r

ne ighbour hood ( lum h o t t h a t d i f f . > t h e i r n e i g b p−v a l u e = 0 . 0 0 6 0 6 1 )

wi l c ox . t e s t ( l u m f i n a l [ l u m f i n a l $ d i f f u s i o n ==" d i f f u s i o n " , ] $ meanlumdif f ,

l u m f i n a l [ l u m f i n a l $ d i f f u s i o n ==" d i f f u s i o n " , ] $ meanlumhot , a l t e r n a t i v e = c

( " l e s s " ) , p a i r e d =TRUE) # l e s s means x<y

wi l c ox . t e s t ( l u m f i n a l [ l u m f i n a l $ d i f f u s i o n ==" d i f f u s i o n " , ] $ meanlumdif f ,

l u m f i n a l [ l u m f i n a l $ d i f f u s i o n ==" d i f f u s i o n " , ] $ meanlumhot , a l t e r n a t i v e = c

( " g r e a t e r " ) , p a i r e d =TRUE) # g r e a t e r means x>y

# t e s t i n g d i f f e r e n c e i n lum from h o t s p o t s wi th d i f f u s i o n vs h o t s p o t s

w i t h o u t d i f f u s i o n a r e a s ( n o t s i g . )

w i l c ox . t e s t ( l u m f i n a l [ l u m f i n a l $ d i f f u s i o n ==" d i f f u s i o n " , ] $ meanlumhot ,

l u m f i n a l [ l u m f i n a l $ d i f f u s i o n ! =" d i f f u s i o n " , ] $ meanlumhot , a l t e r n a t i v e = c

( " l e s s " ) , e x a c t =FALSE) # l e s s means x<y

wi l c ox . t e s t ( l u m f i n a l [ l u m f i n a l $ d i f f u s i o n ==" d i f f u s i o n " , ] $ meanlumhot ,

l u m f i n a l [ l u m f i n a l $ d i f f u s i o n ! =" d i f f u s i o n " , ] $ meanlumhot , a l t e r n a t i v e = c

( " g r e a t e r " ) , e x a c t =FALSE) # l e s s means x<y

# t e s t i n g d i f f e r e n c e i n lum between d i f f u s i o n a r e a s i n h o t s p o t s and

h o t s p o t s w i t h o u t d i f f u s i o n
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wi l c ox . t e s t ( l u m f i n a l [ l u m f i n a l $ d i f f u s i o n ==" d i f f u s i o n " , ] $ meanlumdif f ,

l u m f i n a l [ l u m f i n a l $ d i f f u s i o n ! =" d i f f u s i o n " , ] $ meanlumhot , a l t e r n a t i v e = c

( " l e s s " ) , e x a c t =FALSE) # l e s s means x<y

wi l c ox . t e s t ( l u m f i n a l [ l u m f i n a l $ d i f f u s i o n ==" d i f f u s i o n " , ] $ meanlumdif f ,

l u m f i n a l [ l u m f i n a l $ d i f f u s i o n ! =" d i f f u s i o n " , ] $ meanlumhot , a l t e r n a t i v e = c

( " g r e a t e r " ) , e x a c t =FALSE) # l e s s means x<y

# t e s t i n g d i f f e r e n c e i n lum between h o t s p o t s t h a t do n o t d i f f u s e and

t h e i r ne ighbour hood ( lum h o t wi th d i f f > t h e i r n e i g b p−v a l u e =

0 . 0 0 6 0 6 1 )

wi l c ox . t e s t ( l u m f i n a l [ l u m f i n a l $ d i f f u s i o n ! =" d i f f u s i o n " , ] $ meanlumdif f ,

l u m f i n a l [ l u m f i n a l $ d i f f u s i o n ! =" d i f f u s i o n " , ] $ meanlumhot , a l t e r n a t i v e = c

( " l e s s " ) , p a i r e d =TRUE) # l e s s means x<y

wi l c ox . t e s t ( l u m f i n a l [ l u m f i n a l $ d i f f u s i o n ! =" d i f f u s i o n " , ] $ meanlumdif f ,

l u m f i n a l [ l u m f i n a l $ d i f f u s i o n ! =" d i f f u s i o n " , ] $ meanlumhot , a l t e r n a t i v e = c

( " g r e a t e r " ) , p a i r e d =TRUE) # g r e a t e r means x>y

# compar ing h o t s p o t s mean lum wi th o t h e r l o c a t i o n s where t e r r o r i s m

o c c u r r e d

GTDlummean<− −0.005436653 # from nb e v e n t s P o i s s o n ( a v e r a g e where GTD

t a k e n )

# one sample s t u d e n t t . t e s t

t . t e s t ( l u m f i n a l $ meanlumhot , mu=GTDlummean ) #p−v a l u e = 0 .0004399

# compar ing d i f f u s i o n mean lum wi th wor ld mean lum

# one sample s t u d e n t t . t e s t

t . t e s t ( l u m f i n a l $ meanlumdif f , mu=GTDlummean )

a= l u m f i n a l [ l u m f i n a l $ d i f f u s i o n ==" d i f f u s i o n " , ] $ mean lumdi f f

b= l u m f i n a l [ l u m f i n a l $ d i f f u s i o n ==" d i f f u s i o n " , ] $ meanlumhot

c= l u m f i n a l [ l u m f i n a l $ d i f f u s i o n =="N/D" , ] $ meanlumhot

# Make a l i s t o f t h e s e 2 v e c t o r s

C= l i s t ( a , b , c )

names (C) =c ( p a s t e ( " D i f f u s i o n \ n " , " a r e a " , sep =" " ) , p a s t e ( " H o t s p o t \ n " ,

" w i th d i f f u s i o n " , sep =" " ) , p a s t e ( " H o t s p o t \ n " , " w i t h o u t d i f f u s i o n "

, sep =" " ) )

# I change t h e mgp argument t o a v o i d t h e t e x t o v e r l a y s t h e x a x i s

p l o t . new ( )

mypath= p a s t e ( "C : / Use r s / apy thon / Documents / Andre / E d u c a t i o n / StAndrews / PhD /

r e v i s i o n / r e v i s e d P h D t h e s i s / C h a p t e r 6 / F i g s / R a s t e r / plumschema . png " , sep =" "

)

png ( f i l e =mypath , wid th =900 , h e i g h t =720)
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p a r ( cex = 2 . 4 , mar=c ( 3 , 4 , 0 . 2 , 1 ) ,mgp=c ( 3 , 2 , 0 ) ) #mar : c ( bottom , l e f t , top ,

r i g h t )

b o x p l o t (C , main=NA, o u t c e x =1 ,

x l a b =NA, y l a b =" ( s t a n d a r d i s e d ) l u m i n o s i t y " , y l im =c ( −1 ,8) )

a b l i n e ( h = GTDlummean , c o l = " b l a c k " , lwd =2 , l t y =2)

t e x t ( x = 2 . 7 , y = −0.3 , l a b e l s = " World a v e r a g e ( s t a n d a r d i s e d ) l u m i n o s i t y "

,

pos = NULL, o f f s e t = 0 . 5 , v f o n t = NULL,

cex = 0 . 7 5 , c o l = NULL, f o n t = NULL)

t e x t ( x = 3 . 0 , y = 7 . 9 , l a b e l s = " P o i s s o n model " ,

pos = NULL, o f f s e t = 0 . 5 , v f o n t = NULL,

cex = 0 . 7 5 , c o l = NULL, f o n t = NULL)

dev . o f f ( ) ; dev . o f f ( )

s ave . image ( "~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / STpoi s son /

p d i f f u s i o n _GDP. RData " )

# l o a d ( " ~ / Andre / E d u c a t i o n / StAndrews / PhD / PhD_R / SPDE / STpoi sson / p d i f f u s i o n _

GDP. RData " )

# end


