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Spatial Contagion of Global Financial Crisis  
 
 

Ari Tjahjawandita, Tito Dimas Pradono, Rullan Rinal di 
 

Abstract 
The global financial crisis triggered  by the credit crisis in the USA as its epicen-
ter, quickly spread across the globe. The crisis starts spreading around the world 
in the middle  of 2007 and along the 2008, where stock markets in major  econom-
ies fell,  followed by collapses of large  companies  and leading financial institu-
tions.  In a world where economies are integrated,  the spread  of such crisis is 
unavoidable.  

In this paper, we try to estimate the spill over effect of the global financial crises 
across borders and regions. Using spatial econometrics  method we employ dis-
tance based weight  matrix  to estimate  the spatial  dependence   and  spatial  he-
terogeneity of the crises. 

On the sensitivity analysis, we also employ weights matrix that is corrected  by the 
governance and the economic freedom  index  to shows  how the  virtual  space of 
governance, economic institution and regimes affect the spread of the crises. 

 

Keywords :  Global Financial Crises, Spillover Effect, Institutions,        
Globalization, Spatial  Econometrics 

 
 

1. Introduction 
There is still no firm consensus on 

the appropriate definition of financial 
contagion. Borrowing from epidemiolog-
ical terminology, contagion is intrinsical-
ly associated with a spread of diseases, 
with a probability of an even more dis-
mally consequences of death. Con-tagion 
was often used as a synonym for the Bu-
bonic Plague in Europe as late as the 19th 
century. The term also implies, at least to 
some, that those who are affected by the 
financial crises do so through no fault of 
their own. However, this idea is strongly 
resisted by some analysts: speculators 
appear to discriminate in choosing the 
countries they attack (Dungey and Tam-
bakis, 2003). 

 

As a usefull benchmark, the World 
Bank has restrictively define financial 
contagion as .a cross-country transmis-
sion of shocks or the general cross-
country spillover effects. This follows 
Eichengreen and Rose (1995) and Ei-
chengreen, Rose and Wyplosz (1996), 
who propose that contagion refers to the 
association of excess returns in one coun-
try with excess returns in another country 
after controlling for the effects of funda-
mentals.1  

                                                 
1 The World Bank’s definitions of contagion are 
available on the Internet at 
http://www1.worldbank.org/economicpolicy/mana
ging%20volatility/contagion/definitions.html 



 

124 

Meanwhile, Dornsbusch (2000) 
defines contagion as a significant in-
crease in cross-market linkages after a 
shock to an individual country (or group 
of countries). This definition highlights 
that there are many links through which 
shocks are transmitted in normal times 
from one country to another, including 
trade and financial links. The way in 
which shocks are transmitted do seem to 
differ, however, during times of crises. 
Empirical work has helped identify the 
type of links and other macroeconomic 
conditions, which can make a country 
vulnerable to contagion during such cri-
sis periods, although less is known on the 
importance of microeconomic conditions 
and institutional factors in propagating 
shocks. It, thus, has helped to identify 
those countries which are at risk of con-
tagion and some, albeit quite general, 
policy interventions which can reduce the 
risks. 

Here we define contagion as the 
spread of a financial crises from the 

ground zero country. We identify United 
States of America as the ground zero 
country and do not attempt to explain the 
reason of their respective crisis.  

This paper tries to explore the con-
tagion effect of financial crisis in an un-
conventional way relative to what has 
done by the previous research. The paper 
mainly concentrates on the correlation 
between market and economy using a 
time series analysis. Here we trace the 
source of contagion by the similarity of 
macroeconomic variables among coun-
tries. These similarities arose due to geo-
graphical similarity (i.e. European Union, 
Asian Pacific Rim), trade and cultural 
linkage. The similarity resulted in a clus-
tering pattern between countries, as we 
can see in Figure 1, the impact of 
financial crisis calculated by the IMF 
around the globe shown a systemic  pat-
tern about the severity of the crisis in the 
northern and southern hemisphere of the 
globe, leaving out africa, sub-saharan 
africa, middle east, and some part of 

Figure 1. Global Financial Crises Around The World 
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South East Asia. 

There are several reasons why the 
geography-economic nexus may be cha-
racterized by spatial dependence. The 
substantive reasons are political and eco-
nomic transmissions of government 
forms (Starr, 1991), interdependence of 
policy decisions (Brueckner, 2003), cor-
ruption (Seldadyo, 2008; Sascha B.O, 
2009), policy convergence (Mukand and 
Rodrik, 2005), democracy, war, and 
peace, or economic liberty (O’Loughin et 
al., 1998; Ward and Gleditsch, 2002; 
Simmons and Elkins, 2004), which may 
have spatial dimension due to spillovers 
and diffusion-adoption processes. 

 

2. Previous Research 
The list of studies on financial crisis 

(most of them are EWS or Early Warn-
ing System) is long and expanding rapid-
ly. A full list is beyond the scope of this 
paper. Lestano et al. (2003) has docu-
mented quite comprehensive list of re-
search on the subject. It refers to Ka-
minsky, Lizondo, and Reinhart (1998) 
for papers on currency crises prior to the 
East Asian crisis, and Bustelo (2000) and 
Burkart and Coudert (2002) on the East 
Asian Crisis; Gonzales-Hermosillo 
(1996) and Dermirgüç-Kunt and Detra-
giache (1997) on banking crises; and 
Marchaesi’s survey on debt crises 
(2003). 

We define the global financial crisis 
not only as a mono-dimensional pheno-
menon, but also as a multidimensional 
crisis that consists of systemic crises of 
banking, stock market, currency, and 
economic slowdown. In order to be able 
to capture those elements, we use a Prin-
cipal Component Analysis to identify the 
factors. Before we estimate the PCA of 
the global financial crisis, we define each 
crisis indicators as follows: 

• Currency crises 

The definition of currency crises re-
fer to Stavarek (2007), who follows Ei-
chengreen et al. (1994, 1995), which 
argues that dependency on a particular 
model is an undesirable feature for an 
EMP index. As an alternative, they pro-
posed the following measure of specula-
tive pressures as a model-independent  
approach: 

(1) 

 

Where σt , is the standard deviation 
of the difference between the relative 
changes in the ratio of foreign reserves 
and money (money base) in the analyzed 
country and the reference country  (∆rmt 

/rmt – ∆rm*
t /rm

*
i) and σi is the standard 

deviation of the nominal rmt rmti interest 
rate differential (∆(i t − i∗t) . Other va-
riables are as defined in the previous 
specification. 

For the practical calculation, Stavarek 
(2007) takes an inspiration from Sachs et 
al. (1996) and made some modifications 
to the EMP formula. He changed the 
weighting scheme to avoid the EMP 
pressure being driven by the most vo-
latile component and abandoned the rela-
tion between foreign reserves and money 
in home and reference country. 
Consequently, the EMP formula based 

on the model-independent approach can 
be 

written as follows: 
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Where σe is the standard deviation 
of the rate of change in exchange rate (∆t 
et/et−1) and other variables are consistent 
with equation (1). 

 

• Stock Market Crises 

To depict crisis in the stock market, 
we use the changes in stock market pric-
es index: 

 
Where, SMCt refers to stock market 

crises, with higher values of SMC imply-
ing increase in the severity of the crisis. 

 

• Banking Crisis 

Lack of precise definition of a 
Banking crisis brings difficulties in im-
plementing certain identification process. 
Recent studies on the banking crisis 
show important differences regarding 
crisis episodes. Lestano (2003) brings a 
list of most cited studies for dating the 
banking crises as follows: 

- Caprio and Klingebiel (1996) starts 
from a sample of 69 countries for 
which information on bank insol-
vencies is available since the mid-
1970s to 1998. Episodes of systemic 
banking crisis are identified as a pe-
riod where a country experiences an 
erosion of bank capital and the esti-
mated costs of resolving it is high. 
Their data is based on published 
sources and interview with country 
economists. 

- Lindgren, Garcia, and Saal (1996) 
draws a distinction between banking 
crises (systemic episodes) and bank-
ing problems, defined as “significant 

and extensive unsoundness sort of 
crises” (localized crises or non-
systemic episodes). 

- Dermirgüç-Kunt and Detragiache 
(1997) defines a banking crisis as an 
episode of banking distress in which 
the ratio of non-performing assets to 
total bank assets exceeds 10 percent 
and the cost of rescue operations ex-
ceeds 2 percent of GDP. Banking 
crises are also frequently identified 
by events such as bank failures, 
large scale bank nationalization, 
deposit freezes, prolonged bank hol-
idays and bank shutdowns or mer-
gers. They use a sample of 65 coun-
tries from 1980 to 1995. 

-  Kaminsky and Reinhart (1999) 
marks the start of banking crises by 
events that points at (i) bank runs 
that lead to closure, mergers or ta-
keovers by the public sector of one 
or more financial institutions, or (ii) 
a large-scale government bail-out of 
one or more financial institutions 
that is followed by more bail-outs. A 
banking crisis ends when govern-
ment’s assistance stops. Their sam-
ple has 20 countries for the period of 
1970-1995. 

 

Due to data limitation, we use NPL 
obtained from the IMF’s Global Finan-
cial Stability Report and the Central 
Banks of each of the specific countries as 
the proxy for the banking crisis. 

 

• Debt crises 

Due to data limitation, we cannot 
include debt crises in our PCA analysis. 

 

2.1 The Principle Compo-
nent Analysis 

(2) 
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The Principal Component Analysis 
is a multivariate choice method. This 
approach develops a composite index by 
defining a real valued function over the 
relevant variables objectively. 

Given these general assumptions, 
the composite index is defined as, 

 
or 

 
(4) 

where Ci is the composite index for 
the i-th observation, Wj is the weight 
assigned to the j-th indicator and xij is the 
observation value. Using components 
from section 2.1 (exchange market pres-
sure index, stock market crises, and 
banking crises), we construct an index Ci 
as the proxy for financial crises. 

 

2.2 Economic Slowdown 
We define economic slowdown as 

the difference in growth rate between 
years for each country i. To give a more 
intuitive interpretation, we transform the 
variable to an inverse form as follows: 

ESt = −(GDPGrowtht − DPGrowtht−1)  

(5) 

Where ESt refers to economic 
slowdown of country i, higher ES leads 
to a more severe economic slowdown. 
More over, we use economic slowdown 
as the dependent variable to describe 
contagion of financial crisis and its im-
pact on economic activity of the world. 

 

2.3 Indicators of Financial  
            Crises 
Following Lestano (2007), variables are 
grouped into four different indicators of 
financial crises. (i) External sector (ii) 

Financial sector (iii) Domestic real and 
public sector (iv) Global economy. Con-
strained by the availability of our data 
set, we limit our determinants and classi-
fied them as follows: 

 
• External sector 

- Term of Trade 
- Current Account as % to 

GDP 
 

• Financial sector 
- M2 Growth 
- Market Capitalization at 

t−1 as % to GDP 
 

• Domestic Real and Public Sec-
tor 
- Government Fiscal    

Balance 
- Inflation 

 
On the next part of this paper, from 

a list of indicators above together with 
the crises index resulted from section 2.1, 
we formulate equation (10) to be esti-
mated using an OLS approach for ben-
chmarking and a spatial lag model. 

Lestano (2007) also summarizes a 
quite comprehensive list of literature 
regarding currency crisis and banking 
crisis. The literature is listed as follows 
(CC stand for Currency Crises and BC 
stand for Banking Crises): 
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3.  Data 
Our analysis is based on cross-

sectional data for 52 countries (due to 
data limitation on the world stock mar-
ket, we limit our observation to the 
member of the World of Exchange). The 
data is mostly extracted from the IMF’s 
International Financial Statistics Online 
and the World of Exchange. Other 
sources of data are from the OECD Sta-
tistics, the UN COMTRADE Database, 
the Latin-Focus, the African Develop-
ment Bank, the Asian Development 
Bank, the ECONstat and each of the 
country specific central banks and statis-
tical bureaus. 

Figure 2 displays every country’s 
economic slowdown against the distance 
to the ground zero country (in this case 
USA). The distances are measured using 
Euclidian Distance methods (explained 
below). The figures showed that the fur-
ther it was from USA, the less likely they 
will suffer from severe economic slow-
down. The slope, however, is not steep 
enough to represent strong spatial rela-
tionship between countries.  

 

 

4. Econometrics Modeling 
The main purpose of this paper is to 

identify possible contagious effect of the 
global financial crisis across regions. 
This calls for an econometric model that 
allow for cross-sectional interdepen-
dence. One class of the model which 
supports such interdependence is referred 
to as a spatial econometric model. 

Spatial econometric methods for 
data with cross-sectional interdependence 
require an assumption about the channel 
of interdependence. In most applications, 
geographers, economists, and political 
scientists assume that the interdepen-
dence is generally related to geography 
and space and, more specifically, in-
creases with adjacency or declines with 
distance (hence the term spatial econo-
metrics), Becker, S.O., et al. (2009). 

The first spatial weight matrix that 
we use (W1) is based on kilometer-
converted Euclidean Distance (dij) be-
tween districts (i and j) on the sphere: 

 

 
Figure 2. Distant to Ground Zero (USA) 
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dij  =   arccos[(sinϕisinϕj) +  

           (cosϕicosϕjcos|δγ|)]                (6) 

Where ϕi dan ϕj are the centroid’s 
latitude of district i and j, respectively, 
and |δγ| denotes the absolute value of the 
difference in longitude between i and j. 
Converting it to continuous distance-
decay function, the distance is substituted 
into the form: 

w1
ij = (dij)

−1    (7) 

 

In the second matrix (W2), we also 
takes the countries’ economic institution 
into account: 

w2
ij = e−|r fi−r fj | (dij)

−1             (8) 

 

For this purpose, we use the eco-
nomic freedom index to define similarity 
between countries’ economic institution. 
In this index, free countries tend to clus-
ter among similar country. 

 

In the third matrix (W3), as a 
benchmark to the second one, we use the 
globalization index from the KOF Swiss 
Economic Institute. 

w3
ij = e−|rgi−rgj | (dij)

−1               (9) 

 

In the context of this paper, the in-
clusion of spatial lag implies that the 
level of the crisis in some country i’s 
disturbance term in the econometric 
model is an adjacency (i.e. common land 
border-related) or inverse-distance-
related function of the other economies 
disturbance. 

Formally, the model may be written 
as :  

 

ESi = α + λW + αCI + Xβ + µ;  
 

µ = ρWµ + υ                                (10) 

 

Where ESt is the economic slow-
down, W is spatial weight matrix, CI is 
crises index resulted from PCA explained 
in the previous part of this paper, X is a 
vector consisting factors that determine 
economic slowdown, and ρ is the spatial 
lag coefficient of our model.  

 

4.1 Estimation Result 
This section reports our findings for 

spatial contagion of financial crises. The 
first table shows the result of the OLS 

Table 1. OLS Estimation of Economic Slowdown 
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esti-
tima
ma-
tor 
of 
the 

model without the spatially lagged de-
pendent variable of a spatially auto-
correlated error term. This OLS model is 
used as a benchmark. Table 2, Table 3, 
and Table 4 represent the estimation re-
sults for W1, W2, and W3, respectively. 
From the result in Table 1, we can see 
that the coefficient of the crisis reach it’s 
peak at 2009, but yet lack of robustness 
both in consistency and statistical signi-
ficance of the coefficient. 

 

In Table 2, Table 3, and Table 4 at 

least one proxy in each sector plays a 
significant role in determining the eco-
nomic slowdown. Proportion of Current 
Account to GDP, M2 Growth, and Gov-
ernment fiscal balance turns out to be 
robust variables in explaining economic 
slowdown in every weight matrix scena-
rio. Yet, the main purpose to observe 
spatial contagion could not be satisfied. 
The estimations are unable to deliver 
robust ρs as the coefficient of spatial au-
tocorrelation and LMr

ρ in every weight 
matrix scenario. 

 

Table 2 Spatial Lag Model using W1 

Table 3 Spatial Lag Model using W2 
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4.2 Local Indicators of  
   Spatial Autocorrelation 

Beside the global spatial model, 
we also want to test the spatial hete-
rogeneity. Using local Moran’s I i and 
local Geary’s ci (i = 1, ..., n), in order to 
identify country’s specific contribution 
to the overall pattern of spatial depen-
dence. Figure 3 graphs these statistics in 
a four quadrant scatter plot, each qua-
drant represent the nature of each coun-
try’s local spatial autocorrelation. In the 
four quadrant graphic, quadrant I 
represents countries with high local spa-
tial autocorrelation and they have sur-

rounded also with other countries that 
have high local spatial autocorrelation, 
quadrant II represents countries with a 
high local spatial autocorrelation gather 
with countries with low local spatial 
autocorrelation, quadrant III represents 
the cluster of countries with low local 
spatial, and quadrant IV consists of 
countries with low spatial autocorrela-
tion gathered with countries having high 
local spatial autocorrelation. In Figure 
3, we observe that the number of coun-
tries with highly positive spatial auto-
correlation is substantially low.  

 

 

 

 

 

 

 

 

 

 

Table 4 Spatial Lag Model using W3 

Figure 2 Moran’s Scatterplot of Economic Slowdown 
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5. Conclusion 
As a preliminary point, this paper 

wants to show the existence of spatial 
dependence in the recent economic crisis. 
Constrained by the quantity and quality 
of the data, the robustness of estimations 
in this paper still left to be questioned. 
Further research with better data re-
trievement would be an advantage on this 
field of research regarding regional as-
pect of financial crises. 

Nevertheless, this paper found that 
certain variable were robust in explaining 
the factors that determine the financial 
crises i.e. Government Fiscal Balance as 
a fiscal tools of governance around the 
world. Governments Deficits has nega-
tive relationship with the severity of cris-
es in this case is economic slow down, 
this recalls for government intervention 
to ease the severity of the crises. Lo-
cal/domestic and financial factors such as 
CPI (Inflation), Domestic Market Capita-
lization also have a strong influence to-
ward economic slowdown. Market Capi-
talization tends to increase the severity of 
the economic slowdown when crises hit 
specific countries. 

 

References  
Dornbusch, Yung Chul Park, and Stijn 

Claessens, Contagion: How it 
spreads and How it can be stopped, 
World Bank Research Observer, 
2000. 

Becker, S.O., et al., Common Political 
Culture : Evidence on Regional Cor-
ruption Contagion, European Journal 
of Political Economy, 2009. 

Berg, A. and C. Pattillo, “Predicting cur-
rency crises : the indicators approach 
and an alternative”, Journal of Inter-
national Money and Finance, 18(4), 
561-586, 1999. 

Bukart, O. and V. Coudert, “Leading 
indicators of currency crises for 
emerging countries”, Emerging 
Markets Review, 3(2), 107-133, 
2002. 

Bustelo, P.,“Novelties of financial crises 
in the 1990s and the search for new 
indicators”, Emerging Market Re-
view, 1(3), 229-251, 2000. 

Dermirgüç-Kunt, A. and E. Detragiache, 
“Monitoring banking sector fragility 
: a multivariate logit approach”, 
World Bank Economics Review, 
14(2), 287-307, 2000. 

Dreher, Axel; Noel Gaston and Pim Mar-
tens, “Measuring Globalization - 
Gauging its Consequence”, New 
York: Springer, 2008. 

Dungey, M., R. Fry, B. Gonzales-
Hermosillo, and V.L. Martin, “Em-
pirical modelling of contagion : a 
review of methodologies”, mimeo. 
Australian National University, 
2003. 

Edison, H. J., “Do indicators of financial 
crises work? An evaluation of an 
early warning system”, International 
Journal of Finance and Economics, 
8(1), 11-53, 2003. 

Eichengreen, B. and C. Arteta, “Banking 
crises in emerging market : pre-
sumptions and evidence”, Working 
Papers 115, Center for International 
and Development Economic Re-
search, California, Berkeley, 2000. 

Gonzales-Hermosillo, B., “Banking sec-
tor fragility and systemic sources of 
fragility”, IMF Working Papers 12, 
International Monetary Fund, Wash-
ington, D.C., 1996. 

Kamin, S.B., J.W. SChindler, and S.L. 
Samuel,“The contribution of domes-
tic and external sector factors to 
emerging market devaluation crises : 



 

138 

an early waning system approach”, 
International Finance Discussions 
Papers 711, Board of Governors of 
the Federal Reserve System, Wash-
ington D.C., 2001. 

Kaminsky, G.L., S. Lizondo, and C.M. 
Reinhart, “Leading indicatirs of cur-
rency crisis”, IMF Staff Papers 45/1, 
International Monetary Fund, Wash-
ington D.C., 1998. 

Kaminsky. G.L., and C.M. Reinhart, 
“The Twin crises : the causes of 
banking and balance-of-payments 
problems”, American Economic Re-
viewm 89(3), 473-500, 1999. 

Lestano, Jan Jacobs, and Gerard H, Ku-
per, Indicators of Financial Crises do 
Work! An Early Warning System 
for Six Asian Countries, Department 
of Economics, University of Gro-
ningen 

Seldadyo, Harry, “Geography and 
Governance : Does Space Matter ?”, 
Chapter of Doctoral Disserta-
tion,University of Groningen, 2007. 

Heritage Foundation, “Economic Free-
dom Index 2009”, 2009.  

Stevárek, Daniel, “Comparative analysis 
of the exchange market pressure in 
central european countries with the 
eurozone membership perspective”, 
MPRA, Silesian University - School 
of Business Administration, 2007 

World of Exchange, “WFE Annual Re-
port”, 
http://www,worldofexchange.com 

 

 

   

 

 

Appendix 1. Data Source 


	c200906.pdf
	Ari etal Spatial Contagion.pdf

