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INTRODUCTION

The distance between capital cities is a variable, researchers are interested in when it comes 
to explain the diffusion of specific policies across countries (Maggetti and Gilardi, 2016). 
The objective of this technical paper is to describe how distances between capital cities were 
calculated for WeSIS and to give a step-by-step visual guide to help other researchers with 
the procedure in ArcGIS. It will also include all amendments that have been made to the 
CShapes dataset to meet the WeSIS coding rules and correct minor inconsistencies.

The calculation is based on data provided by CShapes, a dataset collected by Niels Wei-
dmann, Doreen Kruse and Kristian Skrede Gleditsch (2010). It provides historical maps of 
state boundaries in geographical shapefile format and further information on states such as 
the capital cities including geographic coordinates and start and end date of a states’ exist-
ence in the international system. It covers a time period from 1946 to 2016 and includes all 
states of the COW (Correlates of War Project 2008) and GW (Gleditsch and Ward 1999) 
country list (Weidmann et al. 2010: 90). Also, boundary adjustments without changes in the 
existence of involved states are included until 2000 using the Territorial Changes dataset by 
Tir et al. (1998). CShapes can therefore be used for a wide range of spatial computations 
and does reflect changes in the international system over time, which researchers using We-
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SI S ar e i nt er est e d i n. B e c a us e of its c o m pr e h e nsi v e n ess, b ot h i n ti m e a n d s p a c e, a n d wi d el y 
us e d c o di n g vi a t h e C O W c o u ntr y c o d es, it is a p pr o pri at e t o b e us e d f or W e SI S. 

P R O C E D U R E

T h e d at a a n d dist a n c e c al c ul ati o ns w er e pr o c ess e d usi n g t h e g e o gr a p hi c al i nf or m ati o n s ys -
t e m Ar c GI S pr o vi d e d b y E S RI. I n t h e f oll o wi n g, t h e pr o c e d ur e is l ai d o ut. F or a m or e d et ail e d 
i nstr u cti o n o n h o w t o r e aliz e t h e diff er e nt st e ps i n Ar c GI S, pl e as e als o c o ns ult t h e fi g ur es i n 
t h e vis u al g ui d e.

T h e list of c a pit al citi es w as br o u g ht t o a s h a p efil e f or m at b y a d di n g t h e d at a fr o m X Y us -
i n g t h e c o or di n at es gi v e n b y C S h a p es ( Fi g ur es 1 a n d 2). Si n c e C S h a p es us e d t h e W G S 1 9 4 8 
c o or di n at e s yst e m f or t h e st at e b o u n d ari es, t his w as als o us e d f or t h e c a pit al cit y s h a p efil e. 
T o b e a bl e t o c al c ul at e t h e dist a n c e b et w e e n c a pit als i n kil o m etr es usi n g a n Ar c GI S pr o xi mit y 
t o ol, t h e s h a p efil e w as pr oj e ct e d t o a g e o d eti c W G S 1 9 4 8 W e b M er c at or Pr oj e cti o n usi n g 
t h e Pr oj e ct T o ol, w hi c h is wi d el y us e d f or o nli n e vis u aliz ati o n (i. a. b y G o o gl e M a ps). T h e 
c h a n g e i n pr oj e cti o n d o es h o w e v er n ot c h a n g e t h e dist a n c e c al c ul ati o n, b e c a us e it d o es n ot 
c h a n g e t h e c o or di n at es, j ust t h e u nits of m e as ur e m e nt ( Fi g ur e 3).

T h e t o ol wit h w hi c h it is p ossi bl e t o c al c ul at e t h e dist a n c es b et w e e n all c a pit al citi es h a d 
t o m e et t h e f oll o wi n g r e q uir e m e nts:

 » It s h o ul d b e a bl e t o c al c ul at e t h e dist a n c e b et w e e n o n e p oi nt of a l a y er t o all ot h er 
p oi nts of t h e s a m e l a y er.

 » It s h o ul d e x p ort t h e dist a n c e o ut p ut i nt o a s e p ar at e t e xt or e x c el fil e.
 » It m ust i n cl u d e t h e c ur v at ur e of t h e e art h i nt o t h e c al c ul ati o n ( g e o d esi c m et h o d). 

A n a p pr o pri at e Ar c GI S t o ol b as e d o n t h es e r e q uir e m e nts pr o v e d t o b e t h e “ Cr e at e N e ar 
T a bl e ” pr o xi mit y t o ol wit h t h e i n p ut f e at ur es b ei n g t h e s e n d er c o u ntri es’ c a pit al citi es a n d 
n e ar  f e at ur es  b ei n g  t h e  r e c ei v er  c o u ntri es’  c a pit al  citi es.  R e c ei v er  c o u ntri es’  c a pit al  citi es  
ar e all f e at ur es e x c e pt t h e s e n d er c o u ntr y b e c a us e it w o ul d m a k e n o s e ns e t o c al c ul at e t h e 
dist a n c e fr o m a n d t o t h e s a m e cit y. T o a p pl y t his t o ol t o t h e c a pit al cit y s h a p efil e, a m o d el 
w as cr e at e d i n a n e w t o ol b o x usi n g t h e M o d el B uil d er ( Fi g ur es 5 a n d 6). I n t h e s etti n gs it w as 
s p e cifi e d t o s e ar c h i n a r a di us as bi g as t h e e q u at or as t o c o v er all ar e as of t h e e art h a n d t o 
fi n d a m a xi m u m of 2 5 4 n e ar f e at ur es ( all 2 5 5 c a pit als list e d i n t h e C S h a p es d at as et mi n us 
1, Fi g ur e 7 a n d 8). Pl e as e n ot e h o w e v er t h at t h er e ar e n o r e al s e n d er a n d r e c ei v er c o u ntri es 
as t h es e ar e r e ci pr o c al d at a. T h e t er ms ar e us e d t o sti c k t o t h e W e SI S c o di n g r ul es.

A M E N D M E N T S  T O  T H E  O RI GI N A L  D A T A

T h e  f oll o wi n g  a m e n d m e nts  t o  t h e  ori gi n al  d at a  h a v e  b e e n  m a d e  f or  r e as o ns  t h at  ot h er  
s o ur c es  li k e  t h e  G er m a n  F e d er al  F or ei g n  Offi c e  or  t h e  C e ntr al  I nt elli g e n c e  A g e n c y  h a v e  
pr o vi d e d diff er e nt d at es o n t h e v ali dit y of t h e cit y as a c a pit al cit y:

 » D el et e d U S S R a n d Y u g osl a vi a
 » B ur u n di ( B uj u m b ur a): C h a n g e d e n d y e ar fr o m 2 0 1 6 t o 2 0 1 8
 » Ni g eri a ( A b uj a): C h a n g e d st art y e ar fr o m 1 9 6 1 t o 1 9 9 1
 » K az a k hst a n ( Ast a n a): C h a n g e d st art y e ar fr o m 1 9 9 1 t o 1 9 9 7
 » M al a wi ( Lil o n g w e): C h a n g e d st art y e ar fr o m 1 9 6 4 t o 1 9 7 4
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 » M y a n m ar ( Y a n g o n): C h a n g e d e n d y e ar fr o m 2 0 1 6 t o 2 0 0 6
 » P a kist a n (Isl a m a b a d): C h a n g e d st art y e ar fr o m 1 9 5 8 t o 1 9 6 6
 » P al a u ( K or or): C h a n g e d e n d y e ar fr o m 2 0 1 6 t o 2 0 0 6
 » All e x c e pt B ur u n di, M y a n m ar a n d P al a u: C h a n g e d e n d y e ar fr o m 2 0 1 6 t o 2 0 1 9

V A RI A B L E S

T h e o ut p ut t a bl e h ol ds t h e f oll o wi n g v ari a bl es:

c o w _ c o d e _s e n d er S e n d er c o u ntri es’ C O W C o u ntr y C o d e

c o u ntr y _ n a m e _s e n d er S e n d er c o u ntri es’ N a m e

c o w _ c o d e _r e c ei v er R e c ei v er c o u ntri es’ C O W C o u ntr y C o d e

c o u ntr y _ n a m e _r e c ei v er R e c ei v er c o u ntri es’ n a m e

y e ar T h e y e ar f or w hi c h t h e v al u e is v ali d

t e c h ni c al _ v ari a bl e _ n a m e N a m e of t h e v ari a bl e i n W e SI S

v al u e Dist a n c e b et w e e n s e n d er a n d r e c ei v er c o u ntri es’ c a pit al cit y i n t h e f oll o wi n g u nit

u nit T h e u nit of m e as ur e m e nt, i n t his c as e kil o m etr es

s c al e T h e s c al e of t h e v al u e, i n t his c as e m etri c

s o ur c e T h e s o ur c e of t h e ori gi n al d at a, i n t his c as e C S h a p es

R E S U L T S

T h e  o ut p ut  t a bl e  h ol ds  6 4. 7 7 0  r es ults,  t h at  is  t h e  dist a n c e  fr o m  2 5 5  c a pit al  citi es  t o  all  
ot h er c a pit al citi es e x cl u di n g t h e c a pit al cit y of t h e s e n d er c o u ntr y. It still i n cl u d es n ull v al u es 
si n c e s o m e c a pit al citi es ar e i n t h e list m ulti pl e ti m es ( e. g. B erli n f or t h e D e m o cr ati c R e p u bli c 
G er m a n y b et w e e n 1 9 5 4 a n d 1 9 9 0 a n d f or t h e u nifi e d F e d er al R e p u bli c of G er m a n y b e -
t w e e n 1 9 9 0 a n d 2 0 1 6), or g e n er all y, f or c o u ntri es wit h c h a n gi n g C O W c o u ntr y c o d e ( e. g. 
b e c a us e of c h a n gi n g b or d ers or a p eri o d of d e p e n d e n c y b et w e e n t w o p eri o ds of i n d e p e n d -
e n c e). Ot h er t h a n t h at, all dist a n c es c o ul d b e c al c ul at e d a n d ar e s ort e d fr o m t h e n e ar est t o 
t h e f art h est c a pit al fr o m t h e s e n d er c o u ntri es’ c a pit al cit y. F or t h e u pl o a d i n W e SI S, all n ull 
v al u es a n d d o u bl e v al u es h a v e b e e n d el et e d.

F U R T H E R  RE M A R K S

C o n c er ni n g  t h e  v ali dit y  of  t h e  c al c ul at e d  dist a n c es,  it  b e c a m e  cl e ar  t h at  t h e  c o or di n at es  
pr o vi d e d b y t h e C S h a p es d at as et d o n ot p erf e ctl y m at c h c o or di n at es fr o m ot h er s o ur c es, 
f or e x a m pl e G o o gl e M a ps. T h er e ar e mi n or r o u n d- off err ors (f or e x a m pl e B erli n 1 3. 4 0 0 
E, 5 2. 5 1 6 N a c c or di n g t o C S h a p es a n d 1 3. 3 7 7 E, 5 2. 5 1 6 N a c c or di n g t o G o o gl e M a ps) 
a n d t his h as mi n or i m pli c ati o ns f or t h e dist a n c e c al c ul ati o n. F or e x a m pl e, t h e dist a n c e b e -
t w e e n B erli n a n d W elli n gt o n, N e w- Z e al a n d ( w hi c h is t h e f art h est a w a y) c al c ul at e d usi n g t h e 
C S h a p es d at a is fi v e kil o m etr es s h ort er t h at t h e dist a n c e o n G o o gl e M a ps. H o w e v er, wit h a 
t ot al dist a n c e of o v er 1 8, 0 0 0 kil o m etr es, t his is a d e vi ati o n of 0. 0 3 p er c e nt. T h e dist a n c e 
b et w e e n B erli n a n d Pr a g u e ( w hi c h is t h e n e ar est) is l ess t h a n o n e kil o m etr e s h ort er t h a n t h e 
dist a n c e o n G o o gl e M a ps. O v er all, t h e di v er g e nt c o or di n at es o nl y r es ult t o v er y s m all diff er -
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ences in the calculation of distances and it does not change the rank of distances from one 
capital to the others.

VISUAL GUIDE

Figure 1   
When opening the CShapes Data in ArcGIS, this is the attribute table that 
comes with it. This table was exported to a CSV file to add the coordinates 
back to the document as a shapefile.

Figure 2   
The exported coordinates and capital city names where then added as a 
shapefile by "Add XY Data..."
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Figure 3   
The tool "Project" can be found in the System Toolbox under Data Man-
agement Tools/Projections and Transformations.

Figure 4   
This is how the result should look like with the changed projection and 
added capital cities.
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Figure 5   
To apply the "Generate Near Table" tool, a toolbox has to be created in a 
new folder. In the toolbox, a new model is added.

Figure 6   
The "Generate Near Table" tool is added to the previously created model by 
drag and drop.
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Figure 7   
This is how the model should look like. The items turn coloured when 
input and output features are defined and connected to the tool (yellow 
item). The input table, illustrated in blue, is the capital city shapefile. The 
table in which the output will be saved in, is depicted in green. By right 
clicking on the yellow item, further instructions can be defined (Figure 8). 
When all settings are clear, the model runs by clicking on the blue start 
symbol in the task bar.

Figure 8   
This is the window opened by right clicking on the tool. “Find only closest 
feature” has to be unchecked to find all near features. A search radius 
and the maximum number of closest matches has to be defined. The tool 
finds as many near features as are defined by the maximum number. As 
we want all features of the layer to be found (except the feature that is 
already the input feature), this is what has to inserted here. For the curva-
ture of the earth to be included in the calculation, the geodesic method 
has to be checked.
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