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PART A – THEORETICAL 

 

 

PART I. 

STOCHASTIC ECONOMIC DYNAMICS 

 

Emil SCARLAT 

 
INTRODUCTION 
 
The theory and application of stochastic dynamical systems is at the cutting 

edge of research in both mathematics and economics. Right from the start I would 
like to point out that it does not reect a common point of view in economics 
because, on the one hand, no coherent view exists and, on the other hand, the role 
of stochastic mathematics in economic sciences is very. 

I give a brief review of the history and the current state of stochastic 
dynamic models in economic theory. Static economic modeling was strongly 
influenced by theories that are based on concepts that can be traced back to the 
Newtonian approach to mechanics. The influential nineteenth century economists 
Walras, Pareto, Marshall, Jevons, and Edgeworth introduced a rigorous formulation 
of the mechanic of utility and self-interest" (Jevons) which transferred the ideas of 
classical mechanics of gravitating systems into economics. They focused 
exclusively on a stationary state of rest; a market equilibrium in which individual 
plans are mutually compatible and the utility of all agents is maximal given 
mutually imposed constraints. Their approach culminated in the general 
equilibrium theory, a centerpiece in economic theory, see Arrow [5], Debreu [18], 
and also Arrow and Hahn [6]. 

Research focused on atemporal aspects at first; leaving out the dynamics of 
the  economic processes. In the 1920s, Dynamic Economics came into being when 
economists first employed diferential and diference equations in macroeconomic 
models of business cycles (merely to study out-of-equilibrium adjustment 
dynamics). However, the clarification of terminology due to Frisch [24] makes 
clear that there is an ambiguous relation of these early approaches to dynamical 
systems theory. He proposed to use the terms static and dynamic to characterize the 
structural relations of variables that make up the model. In Frisch's definition, a 
structural relation is called static, if all variables refer to the same time; otherwise 
the relation is called dynamic. He suggested to classify a model as dynamic if it 
contains at least one dynamic structural relation. Down to the present day, this 
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terminology is generally accepted in economics. This discussion makes clear why 
general equilibrium theory became a dynamic theory (in the sense of Frisch) when 
the time had been added to the description of the markets of goods and services. 
It is important to emphasize that dynamic economic models (in the above sense) 
are, in general, not related to dynamical systems theory. From a mathematical point 
of view, a dynamic economic model can be described exclusively by implicit 
equations, relating states and variables across different periods in time. An 
equilibrium in such a model is a time-path of allocations of commodities and 
prices. There is, in general, neither a „direction of evolution" in such models nor an 
„initial state" that can be varied on some state space. It makes therefore no sense to 
talk about the time-path of the economy out of such an equilibrium; it is simply not 
defined. Thus one cannot come up with an equivalent description of the model in 
the framework of dynamical systems in general. 

The derivation of a dynamical systems description of an economic model 
requires that (1) a state space can be defined (in particular, initial states can be 
identified), (2) all implicit equations in the economic model have solutions for 
diferent initial states and variables (from an open set, for instance, to permit 
stability analysis), and (3) these solutions exhibit a suitable time-structure in the 
dependence on states and variables. 

An economic model is called explicit, if it can be described by a dynamical 
system; otherwise the model is called implicit. The notion dynamical system is 
understood here as a generic term for non-autonomous as well as random 
dynamical systems, see Arnold [4], and Crauel and Gundlach [16]. We propose the 
usage of this terminology because a dynamical systems representation provides an 
explicit description of the evolution of an economy in time. On the one hand, 
restricting the class of employed models to those that are explicit, forces one to 
abandon some standard dynamic economic models. On the other hand, one gains 
the concepts, methods, and paradigms of dynamical systems theory which have 
proved seminal to many areas of science.  

Explicit economic models should be employed to study a boarder range of 
economic problems than only short-run phenomena such as tâtonnement processes 
or business cycles. Stochastic dynamical systems theory enables us in particular to 
analyze the (global) stability properties of economic systems, taking into account 
e.g. exogenous perturbations, uncertainty, and repeated (stochastic) interaction as 
well as time-dependent environments. This cannot consistently be carried out in 
dynamic economic models in general. Economists who pursue the application of 
dynamical systems theory and employ explicit models are ultimately required to 
rethink and alter the modeling of economic processes, including the time-structure 
of actions and decisions as well as the behavior of individuals. However, the 
analysis of many issues that are central in economics often requires concepts and 
methods which are nonexistent in dynamical systems theory at the time of this 
writing.  
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Although implicit models seem to be pervasive in economic modeling, 
there are many examples of explicit models. For instance, explicit economic 
models are ubiquitous in macroeconomics. To give a avor of the diverse macro 
applications, an incomplete list of references, in which mainly deterministic 
difference and differential equations are employed, follows. For neoclassical 
growth theory, see e.g. the original papers by Solow [49], and Swan [52], and the 
respective chapters in the textbooks by Aghion and Howitt [1] and Barro and Sala-
i-Martin [8]. 

For intertemporal macroeconomics in the overlapping generations 
framework, see e.g. the pioneering work by Diamond [19] and the textbook by 
Azariadis [7] who thoroughly applies dynamical systems theory. Further, for 
intertemporal macroeconomics with representative agent models, deterministic as 
well as stochastic (mainly in real business cycle theory), see e.g. Stokey, Lucas, 
and Prescott [51] and Cooley [15] (and the references in both books), and the 
pioneering work by Ramsey [43]. For Keynesian (nonmarket-clearing) models, e.g. 
Flaschel, Franke, and Semmler [22]. To close the list, let me mention the numerous 
mathematics-oriented books which focus on general nonlinear phenomena in 
economics by Brock and Malliaris [11], Chiarella [13], Day [17], Gandolfo [25], 
Lorenz [33], Puu [42], and others. 

Stochastic explicit models, which are the main focus of this paper, have 
attracted less attention so far; albeit the need to take into account randomly 
fluctuating variables in economic modeling has been acknowledged long time ago, 
Frisch [23, 24]. Let me point out some recent developments in stochastic explicit 
models of economic growth. Descriptive stochastic growth models present the most 
well-known class of stochastic explicit models. Mirman [35, 36] studied these 
models from a Markovian point of view. Schenk - Hoppfe and Schmalfuf [48] 
extended the analysis to sample-path stability by applying stochastic dynamical 
systems theory. Stochastic dynamical systems have further been employed in 
models with consumer optimization. Explicit business cycle models with 
overlapping generations are studied e.g. in Peter and Schenk - Hoppfe [41] and, in 
combination with technical progress, in Schenk - Hoppfe [44]. Optimal policies in 
stochastic growth models with an infinitely-lived representative agent also give rise 
to explicit stochastic models, see e.g. Stokey, Lucas, and Prescott [51], and 
Montrucchio and Privileggi [39]. The latter fall within the class of stochastic 
control models, see e.g. Arkin and Evstigneev [3]. 

From the many other areas of economics in which stochastic explicit 
models are (though not generally) applied, we outline recent research in 
evolutionary economics. It is a very active field and, in my opinion, represents a 
promising approach to the understanding of many economic phenomena. 
Evolutionary economics builds on the Darwinian approach to evolutionary 
biology8, see Hodgson [29] and Witt [56]. Market processes with the introduction 
and disappearance of products, technologies, and forms, can be considered as an 
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instance of economic natural selection." The self-transformation of the economy 
through the generation and dissemination of novelty can be taken as an 
evolutionary process. The evolutionary approach in economics inherits a non-
aprioristic view and, therefore, is strongly linked with explicit models of dynamic 
stochastic phenomena. Evolutionary game theory, in particular, has recently 
experienced a boost of contributions in which stochastic explicit models are 
applied. Among many others, Kandori et al. [31], Young [58], Vega - Redondo 
[53], and Alos-Ferrer et al. [2]. However, this approach is not without problems, 
see e.g. Bergin and Lipman [9] and Schenk{Hoppfe [45]. Further evolutionary 
approaches, often in the framework of explicit models, are pursued in behavioral 
and evolutionary finance in the study of competition of trading strategies and herd 
behavior of 
investors. 

While most of the above-mentioned literature is concerned with explicit 
models from the outset, other approaches have been revised to meet the empirically 
observed sequential structure of trade (as well as the amounts of commodities 
traded) and (possibly) incorrect forecasts of agents. For instance, general 
equilibrium theory, which is closely-knit with implicit models, has been challenged 
on grounds of its unrealistic assumptions of correct forecasting of future events by 
agents and the mutual compatibility of their plans. These criticisms have triggered 
the emergence of temporary general equilibrium theory. The theory of temporary 
equilibrium under uncertainty is comprehensively summarized in Grandmont [27]. 
The evolution of an economy is described as a sequence of equilibria in which 
compatibility of agents' plans in the short-run is achieved by price or rationing 
mechanisms. The models on stochastic economic growth discussed in the following 
fall within this category. 
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CHAPTER 1 

 
STOCHASTIC DYNAMIC OPTIMIZATION MODELS 

 

The dynamic decision problem of an economic agent whose objective is to 
maximize his or her utility over an infinite time horizon is often studied in the 
context of a stochastic dynamic optimization model. To understand the structure of 
this decision problem we describe it in terms of a recursive decision problem of a 
dynamic programming approach. Thereafter, we discuss some solution methods 
frequently employed to solve the dynamic decision 
problem. 

In most cases, an exact and analytical solution of the dynamic programming 
decision is not attainable. Therefore one has to rely on an approximate solution, 
which may also have to be computed by numerical methods. Recently, there have 
been developed numerous methods to solve stochastic dynamic decision problems. 
Among the well-known methods are the perturbation and projection methods (Judd 
(1996)), the parameterized expectations approach (den Haan and Marcet (1990)) 
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and the dynamic programming approach (Santos and Vigo Aguiar (1998) and 
Gr¨une and Semmler (2004a)).  

In the following, in order to allow for an empirical assessment of stochastic 
dynamic models we focus on approximate solutions that are computed from two 
types of first-order conditions: the Euler equation and the equation derived from 

the Lagrangian. Given these two types of first-order conditions, three types of 
approximation methods can be found in the literature: 1) the Fair-Taylor method, 2) 
the log-linear approximation method and 3) the linear-quadratic approximation 
method. Still, in most of the cases, an approximate solution cannot be derived 
analytically, and therefore a numerical algorithm is called for to facilitate the 
computation of the solution. 

In this first chapter, we discuss those various approximation methods and then 
propose another numerical algorithm that can help us to compute approximate 
solutions of the stochastic dynamic optimization models (SDOM). The algorithm is 
used to compute the solution path obtained from the method of linear-quadratic 
approximation with the first order condition derived from the Lagrangian. While 
the algorithm takes full advantage of an existing one (Chow 1993), it overcomes 
the limitations given by the Chow (1993) method. 
 
1.1 The Standard Recursive Method 

 

We consider a representative agent whose objective is to find a control (or 

decision) sequence 
∞

=0
}{
tt

u such that 

 ���{�}���
�  �� [ ∑ ������,	�
]�

���       (1.1) 

subject to 
 ���	 = � � ��,	�,�
  (�.�) 
 

Above, xt is a vector of m state variables at period t; ut is a vector of n 
control variables; zt is a vector of s exogenuous variables whose dynamics does not 
depend on xt and ut; Et is the mathematical expectation conditional on the 

information available at time t and β ∈ (0,1) denotes the discount factor. 
Let us first make several remarks regarding the formulation of the above 

problem. 
First, this formulation assumes that the uncertainty of the model only comes from 
the exogenuous zt. One popular assumption regarding the dynamics of zt is to 
assume that zt follow an AR(1) process: 
 ���	   = ��� +  � +  ���	    (1.3) 
 



12 

 

where εt is independently and identically distributed (i.i.d.). 
Second, this formulation is not restrictive to those structure models with 

more lags or leads. It is well known that a model with finite lags or leads can be 
transformed through the use of auxiliary variables into an equivalent model with 
one lag or lead. 
Third, the initial condition (x0,z0) in this formulation is assumed to be given. 

The problem to solve a dynamic decision problem is to seek a time invariant 
policy function G mapping from the state and exogenuous (x,z) into the control u. 

With such a policy function (or control equation), the sequences of state 
∞

=1
}{
tt

x  and 

control 
∞

=0
}{
tt

u  can be generated by iterating the control equation: 

 �� = G ( ��, ��)                (1.4) 
 
as well as the state equation (1.2), given the initial condition (x0,z0) and the 

exogenuous sequence 
∞

=1
}{
tt

z generated by (1.3). 

To find the policy function G by the recursive method, we first define a 
value function V: 
 ����, �
 ≡  ���{�}���

�  �� [ ∑ ������,	�
]�
���    (1.5.) 

 

Expression (1.5) could be transformed to unveil its recursive structure. For 
this purpose, we first rewrite (1.5) as follows: 
 

 ����, �
 =  ���{�}���
�  { � (��,	�)+ �� [ ∑ ������,	�
]�

��
  }   

                 =  ���{�}���
�  { � (��,	�)+ ��� [ ∑ �������
,	��

]�

���  } (1.6) 

 
 
It is easy to find that the second term in (1.6) can be expressed as being 

βtimes the value V as defined in (1.5) with the initial condition (x1,z1).Therefore, 
we could rewrite (1.5) as 
 
 ����, �
 =   ���{�}���

�  { � (��,	�)+ ��� [ ���
, 

]}   (1.7) 

 

 
The formulation of equ. (1.7) represents a dynamic programming 

problem which highlights the recursive structure of the decision problem. In every 
period t, the planner faces the same decision problem: choosing the control variable 
ut that maximizes the current return plus the discounted value of the optimum plan 
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from period t+1 onwards. Since the problem repeats itself every period the time 
subscripts become irrelevant. We thus can write (1.7) as 
 
 ���,
 =   ���� { � (�,	)+ �� [ ����,�
]}   (1.8) 

 
 

where the tilde (∼) over x and z denotes the corresponding next period values. 
Obviously, they are subject to (1.2) and (1.3). Equation (1.8) is said to be the 
Bellman equation, named after Richard Bellman (1957). If we know the function 
V,we then can solve u via the Bellman equation. Unfortunately, all these 
considerations are based on the assumption that 
we know the function V,which in reality we do not know in advance. The typical 
method in this case is to construct a sequence of value functions by iterating the 
following equation: 
 
 ���
��,
 =    ���� { � (�,	)+ �� [ �����,�
]}   (1.9) 

 
 

• Step 1. Guess a differentiable and concave candidate value function, Vj . 

• Step 2. Use the Bellman equation to find the optimum u and then compute 
Vj+1 according (1.9). 

• Step 3. If Vj+1 = Vj , stop. Otherwise, update Vj and go to step 1. 
 

Under some regularity conditions regarding the function U and F, the 
convergence of this algorithm is warranted by the contraction mapping theorem 
(Sargent 1987, Stockey et al. 1989). However, the difficulty of this algorithm is 
that in each Step 2, we need to find the optimum u that maximize the right side of 
equ. (1.9). This task makes it difficult to write a closed form algorithm for iterating 
the Bellman equation. Researchers are therefore 
forced to seek different numerical approximation methods. 
 
1.2  The First-Order Conditions 

 

The last two decades have observed various methods of numerical approximation 
to solve the problem of dynamic optimization. As above stated in the following we 
want to focus on the first-order conditions, that are used to derive the decision 
sequence. One can find two approaches: one is to use the Euler equation and the 
other the equation derived from the Lagrangian. 
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1.2.1 The Euler Equation 

 

We start from the Bellman equation (1.8). The first-order condition for maximizing 

the right side of the equation takes the form: 

 
��	��,��	

�	 
 	��	 ��	
�	 	��, �, �� ��	

��� ���, ���� � �					��. ��� 

 

The objective here is to find  V/∂x. Assume V is differentiable and thus from (1.8) 

it satisfies 

 
��	��, ��	

�	 � ����,���, ���	
�� 	��	 ��	

�� 	��,���, ��, �� ��	
�� ���, ����					��. ��� 

 

This equation is often called the Benveniste-Scheinkman formula. 

 Assume ∂F/∂x = 0. The above formula becomes 

 
��	��,��	

�	
� �
��,���,���	

�	
			 (1.12) 

 

Substituting this formula into (1.10) gives rise to the Euler equation: 

 
��	��,��	

�	 
 	��	 ��	
�	 	��, �, �� ��	

��� ���,���� � �			��. ��� 

 

where the tilde (∼) over u again denotes the next period value with respect to u. 

Note that to use the above Euler equation as the first-order condition for deriving 

the decision sequence, one must require ∂F/∂x = 0. In economic analysis, one often 

encounters models, after some transformation, in which x does not appear in the 

transition law so that ∂F/∂x = 0 is satisfied. We will show this technique in the next 

chapter using a prototype model as a practical example. However, there are still 

models in which such transformation is not 

feasible. 

 

1.2.2 Deriving the First-Order Condition from the Lagrangian 

 

Suppose for the dynamic optimization problem as represented by (1.1) and 

(1.2), we can define the Lagrangian L: 

 

L = 	��	 ∑ �����, ��� � �������
� 	�

���  	���� � 	�	���, ��,���!" 
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where λt, the Lagrangian multiplier, is a m × 1 vector. Setting the partial derivatives 
of L to zero with respect to λt,xt and ut will yield equation (1.2) as well as 
 
 
� (��,��) 

���
+ ���  ��� (����,����,����) 

�����
���
 � =  ��           (1.14) 

� (��,��) 

���
+ �����
 �� (��,��,��) 

���
=  �      (1.15) 

 
In comparison with the Euler equation, we find that there is an unobservable 

variable λt appearing in the system. Yet, using (1.14) and (1.15), one does not have 
to transform the model into the setting that ∂F/∂x = 0. This is an important 
advantage over the Euler equation. Also as we will see in the next chapter, these 
two types of first-order conditions are equivalent when we appropriately define λt 
in terms of xt, ut and zt.This further implies 
that they can produce the same steady states when being evaluated at their certainty 
equivalence forms. 
 
1.3 Approximation and Solution Algorithms 

 

1.3.1 The Gauss-Seidel Procedure and the Fair-Taylor Method 

 

The state (1.2), the exogenuous (1.3) and the first-order condition derived either as 
Euler equation (1.13) or from the Lagrangian (1.14) - (1.15) form a dynamic 

system from which the transition sequences 
∞

=

∞

=

∞

=+

∞

=+ 000101
}{}{,}{,}{
tttttttt

anduzx λ  

are implied given the initial condition (x0,z0) . Yet, mostly such a system is highly 
nonlinear, and therefore the solution paths usually are impossible to be computed 
directly. One popular approach as suggested by Fair and Taylor (1983) is to use a 
numerical algorithm, called Gauss-Seidel procedure. For the convenience of 
presentation, the following discussion assumes only the Euler equation to be used.  
 Suppose the system can be be written as the following m + n equations: 
 �
,��
 =  �
 (��,� ��
, � ,�)  (1.19) ��,��
 =  �� (��,� ��
, � ,�)  (1.20) 

. 

. 

. ����,��
 =  ���� (��,� ��
, � ,�)  (1.21) 

 

 

Here yt is the vector of endogenuous variables with m+n dimensions, 
including 
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both state xt and control ut; ψis the vector of structural parameter. Also note that in 
this formulation we left aside the expectation operator E. This can be done by 
setting the corresponding disturbance term, if there is any, to their expectation 
values (usually zero). Therefore the system is essentially not different from the 
dynamic rational expectation model as considered by Fair and Taylor (1983). The 
system, as suggested, can be solved numerically 
by an iterative technique, called Gauss Seidel procedure, to which we shall now 
turn. 
It is always possible to tranform the system (1.16) - (1.18) as follows: 
 �
,��
 =  �
 (��,� ��
, � ,�)  (1.19) ��,��
 =  �� (��,� ��
, � ,�)  (1.20) 

. 

. 

. ����,��
 =  ���� (��,� ��
, � ,�)  (1.21) 

 

where, yi,t+1 is the ith element in the vector yt+1, i = 1, 2, ...,m + n. Given the initial 

condition 
*

00
yy = , and the sequence of exogenuous variable 

T

tt
z

0
}{
=

,with T to be 

the prescribed time horizon of our problem, the algorithm starts by setting t = 0 and 
proceeds as follows: 

• Step 1. Set an initial guess on yt+1. Call this guess 
)0(

1+ty . Compute yt+1 

according to (1.19) - (1.21) for the given 
)0(

1+ty  along with yt. Denote this new 

computed value 
)1(

1+ty . 

• Step 2. If the distance between 
)1(

1+ty  and 
)1(

1+ty  is less than a prescribed 

tolerance level, go to Step 3. Otherwise compute 
)2(

1+ty  for the given 
)1(

1+ty . 

This procedure will be repeated until the tolerance level is satisfied. 
• Step 3. Update t by setting t = t+1 and go to Step 1. 

The algorithm will continue until t reaches T. This will produce a sequence of 

endogenuous variable 
T

tt
y

0
}{

=
, which include both decision 

T

tt
u

0
}{

=
and state 

T

tt
x

0
}{
=

. 

 There is no guarantee that convergence can always be achieved for the 
iteration in each period. If this is the case, a damping technique can usually be 
employed to force convergence. The second disadvantage of this method is the cost 
of computation. The procedure requires the iteration and convergence for each 
period t, t = 1, 2, 3, ..., T.This cost of computation makes it a difficult candidate 
solving the dynamic optimization problem. The third and the most important 
problem regards its accuracy of solution. Note that the procedure starts with the 

given initial condition y0, and therefore the solution sequences 
T

tt
u

1
}{

=
 and 

T

tt
x

1
}{

=
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depend virtually on the initial condition, which include not only the initial state x0 

but also the initial decisions u0. Yet the initial condition for the dynamic decision 
problem is usually provided only by x0 (see equation our discussion in the last 
section). Considering that the weights of u0 could be important in the value of the 
objective function (1.1), there might be a problem in accuracy. One possible way to 
deal with this problem is to start with different initial u0.In the next chapter when 
we turn to a practical problem, we will investigate these issues more thoroughly. 
 
1.3.2 The Log-linear Approximation Method 

 

Solving nonlinear dynamic optimization model with log-linear 
approximation has been widely used and well documented. This has been proposed 
in particular by King et al. (1988) and Campbell (1994) in the context of Real 
Business Cycle models. In principle, this approximation method can be applied to 
the first-order condition either in terms of the Euler equation or derived from the 

Langrangean. Formally, let Xt be the variables, X the corresponding steady state. 
Then, 
 

xt ≡ lnXt − ln X  
 
is regarded to be the log-deviation of Xt. In particular, 100xt is the percentage of Xt 

that it deviates from X . The general idea of this method is to replace all the 
necessary equations in the model by approximations, which are linear in the log-
deviation form. Given the approximate log-linear system, one then uses the method 
of undetermined coefficients to solve for the decision rule, which is also in the 
form of log-linear deviations. 
 Uhlig (1999) provides a toolkit of such method for solving a general 
dynamic 
optimization model. The general procedure involves the following steps: 

• Step 1. Find the necessary equations characterizing the equilibrium law of 
motion of the system. These necessary equations should include the state equation 
(1.2), the exogenuous equation (1.3) and the first order condition derived either as 
Euler equation (1.13) or from the 
Lagrangian (1.14) and (1.15). 

• Step 2. Derive the steady state of the model. This requires first 
parameterizing 
the model and then evaluating the model at its certainty equivalence form. 

• Step 3. Log-linearize the necessary equations characterizing the 
equilibrium 
law of motion of the system. Uhlig (1999) suggests the following building block 
for such log-inearization. 
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 ��  ≈  �  !��         ��.��
 !������ ≈ � + �� + ���        ��.�"
 ����  ≈ �            (�.�#) 

 

• Step 4. Solve the log-linearized system for the decision rule (which is 
also in log-linear form) with the method of undetermined coefficients. 

In Chapter 3, we will provide a concrete example to apply the above 
procedure and to solve a practical problem of dynamic optimization. 
Solving a nonlinear dynamic optimization model with log-linear approximation 
usually does not require a heavy computation in contrast to the Fair-Taylor method. 
In some cases, the decision rule could be derived even analytically. On the other 
hand, by assuming a log-linearized decision rule as expressed in (1.4), the solution 
path does not require the initial condition of u0 and therefore it should be more 
accurate in comparison to the Fair-Taylor 
method. However, the process of log-linearization and solving for the 
undetermined 
coefficients are not easy, and usually have to be accomplished by hand. It is 
certainly desirable to have a numerical algorithm available that can take over at 
least part of the analytical derivation process. 
 
1.3.3 Linear-quadratic Approximation with Chow’s Algorithm 

 

Another important approximation method is the linear-quadratic approximation. 
Again in principle this method can be applied to the first-order condition either in 
terms of the Euler equation or derived from the Lagrangian. 
Chow (1993) was among the first who solves a dynamic optimization model with 
linear-quadratic approximation applied to the first-order condition derived from the 
Lagrangian. At the same time, he proposed a numerical algorithm to facilitate the 
computation of the solution. 
Chow’s method can be presented in both continuous and discrete time form. Since 
the models in discrete time are more convenient for empirical and econometric 
studies, we here only consider the discrete time version. The numerical properties 
of this approximation method have further been studied in Reiter (1997) and Kwan 
and Chow (1997). 
Suppose the objective of a representative agent can again be written as (1.1), but 
subject to 
 
xt+1 = F(xt,ut) + εt+1                                       (1.25) 
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We shall remark that the state equation here is slightly different from the one as 
expressed by (1.2) in Section 2. Apparently, it is only a special case of (1.2). 
Consequently, the Lagrangian L should be defined as 
 
 

L =  �� ∑ ������,	�
 − ���
���
�  �
��� [ ���
 −  $ (��,	�,�) −  %��
]} 

 
 
Setting the partial derivatives of L to zero with respect to λt, xt and ut will yield 
equation (1.25) as well as 
 
 
� (��,��) 

���
+ � �� (��,��) 

���
�� ���
 =  ��           (1.26) 

� (��,��) 

���
+ � �� (��,��) 

���
�����
 =  �      (1.27) 

 
 
The linear-quadratic approximation assumes the state equations to be linear and the 
objective function to be quadratic. In other words, 
 
 
� (��,��) 

���
=  &	�� +  &	��� + &	     (1.28) 

� (��,��) 

���
=  &��� +  &�	�� + &�     (1.29) 

F (��,��)= A�� + C�� + b + ���	   (1.30) 
 
 
Given this linear-quadratic assumption, equation (1.26) and (1.27) can be rewritten 
as 
 
 &	�� +  &	��� + &	   +  '(� )�* ��	 =  ��             (1.31) 

 &��� +  &�	�� + &� +  + '+� )�* ��	 = 0             (1.32) 

 
Assume the transition laws of ut and λt take the linear form: 
 �� = , �� + -   �1.33
 * ��	 = .���	 + ℎ     (1.34)     
 
Chow (1993) proves that the coefficient matrices G and H and the vectors g 
and h satisfy 
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 , = − ( &� + '+� .+)�	 ( &�	 + '+� .()              (1.35) - = − ( &� + '+� .+)�	 ( /� + '+� .0 +  '+� ℎ)              (1.36) . = &	 +  &	�, +  '(� .(( + +,)                              (1.37) 
ℎ = (&	� +  '(� .+)- +  /	 + '(� (.0 + ℎ)                              (1.38) 
 

Generally it is impossible to find, the analytical solution to G, H, g and h is 
impossible. Thus, an iterative procedure can designed as follows. First, set the 
initial H and h. G and g can then be calculated by (1.35) and (1.36). 
Given G and g as well as the initial H and h, the new H and h can be calculated by 
(1.37) and (1.38). Using these new H and h, one calculates the new G and g by 
(1.35) and (1.36) again. The process will continue until convergence is achieved. 

In comparison to the log-linear approximation, Chow’s method requires less 
derivations, which must be accomplished by hand. Given the steady state, the only 
derivation is to obtain the partial derivatives of  U and F. Yet even this can be 
computed with a written procedure in a major software package. Despite this 
significant advantage, Chow’s method has at least three weeknesses. 

First, Chow’s method can be a good approximation method only when the 
state equation is linear or can be transformed into a linear one. Otherwise, the 
linearized first-order condition as expressed by (1.31) and (1.32) will not be a good 

approximation to the non-approximated (1.26) and (1.27), since 'A  and 'C are not 

good approximations to 
t

tt

x

uxF

∂

∂ ),(
 and 

t

tt

u

uxF

∂

∂ ),(
. 

  Second, the iteration with (1.35) - (1.38) may exhibit multiple solutions 
since inserting (1.35) into (1.37) gives a quadratic matrix equation in H.Indeed, one 
would expect that the number of solutions will increase with the increase of the 
dimensions of state space. 

Third, the assumed state equation (1.25) is only a special case of (1.2). This 
will create some difficulty when being applied to the model with exogenuous  
variables. One possible way to circumvent this problem is to regard the exogenuous 
variables, if there are any, as a part of state variables. This actually has been done 
by Chow and Kwan (1998) when the method has been applied to a practical 
problem. Yet this will increase the dimension of state space and hence intensify the 
problem of multiple solutions. 

 
 
1.4 The Ramsey Problem 

 

1.4.1 The Model 
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Ramsey (1928) posed a problem of optimal resource allocation, which is now often 
used as a prototype model of dynamic optimization. The model presented in this 
section is essentially that of Ramsey (1928) yet it is augmented by uncertainty. Let 
Ct denote consumption, Yt output and Kt the capital stock. Assume that the output 
is produced by capital stock and it is either consumed or invested, that is, added to 
the capital stock. Formally, 
 1� =  (�  &��   (2.1) 1� =  +� + &��	 − &�   (2.2) 
where α∈ (0,1) and At is the technology which may follow an AR(1) process: 
 (��	 =  2� +  2	(� +  ���	    (2.3) 
 
Here we shall assume εt to be i.i.d. Equation (2.1) and (2.2) indicates that we could 
write the transition law of capital stock as 
 &��	 = (�&�� −   +�   (2.4) 
 
Note that we have assumed here that the depreciation rate of capital stock is equal 
to 1. This is a simplified assumption by which the exact solution is computable. 

The representative agent is assumed to find the control sequence 
∞

=0
}{
tt

C  such that 

 

max )� ∑ '� ln+��
���     (2.5.) 

 
given the initial condition (K0,A0). 
 
1.4.2 The Exact Solution and the Steady States 

 

It is well known that the exact solution for this model – which could be derived 
from the standard recursive method can be written as 
 &��	 = 3'(�&��    (2.6) 
This further implies from (2.4) that 
 
 +� = (1 − 3') (�&��   (2.7) 
 
Given the solution paths for Ct and Kt+1, we are then able to derive the steady 

state. It is not difficult to find that one steady state is on the boundary, that is 0

_

=K  
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and 0

_

=C . To obtain a more meaningful interior steady state, we take logarithm 

for both sides of (2.6) and evaluate the equation at its certainty equivalence form: 

 �������	log		
����� + 
 log ��																				(2.8) 

At the steady state, Kt+1 = Kt = 
_

K . Solving (2.8) for log 
_

K ,we obtain log 
_

K = 

α

αβ

−1

)log( A
. Therefore, 

 �� � 	
�	�̅�/�����      (2.9) 

Given 
_

K ,
_

C is resolved from (2.4): 

 �̅ � 	 �̅�	���� - ��     (2.10) 

 

 

1.4.3 The First-Order Conditions and Approximate Solutions 

 

To solve the model with different approximation methods, we shall first 

establish the first-order condition derived from the Ramsey problem. As we have 

mentioned in the last chapter, there are two types of first-order conditions, the 

Euler equation and the equation derived from the Lagrangian. Let us first consider 

the Euler equation. 

 

1.4.3.1 The Euler Equation 

 

Our first task is to transform the model into a setting so that the state 

variable Kt does not appear in F(·) as we have discussed in the last chapter. This 

can be done by assuming Kt+1 (instead of Ct) as model’s decision variable. To 

achieve a notational consistency in the time subscript, we may denote the decision 

variable as Zt. Therefore the model can be rewritten as 

 

 

max �
 ∑ �� ln	����	 �		�����
��
       (2.11) 

 

subject to 

 ���� �	�� 
Note that here we have used (2.4) to express Ct in the utility function. Also 

note that in this formulation the state variable in period tis still Kt. Therefore ∂F/∂x 

= 0 and ∂F/∂u = 1.  
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The Bellman equation in this case can be written as 

 

V (��, �� � �������ln		����	 �	���� � 	����	����, ���� !					2.12 

 

The necessary condition for maximizing the right hand side of the Bellman 

equation (2.12) is given by 

 

 �1
����	 �	���� � 	��	�	 %�

%���� 	����, ���� � 0				2.13 

 

Meanwhile applying the Benveniste-Scheinkman formula, 

 

 

			 %�
%�� 	��, �� � 
����	������	 �	���� 				2.14 

 

Substituting (2.14) into (2.13) allows us to obtain the Euler equation: 

 

 �1
����	 �	���� � 	�� ) 
��������	����������	 �	����* � 0 

 

which can further be written as 

 

 
��

��
� 	�� +	����������

����
, � 0   (2.15) 

 

This Euler equations (2.15) along with (2.4) and (2.3) determine the 

transition sequences of 
∞

=

∞

=+

∞

=+ 01111
}{}{,}{
tttttt

CandAK given the initial condition 

K0 and A0. 

 

1.4.3.2 The First-Order Condition Derived from the Lagrangian 

 

Next, we turn to derive the first-order condition from the Lagrangian. 

Define the Lagrangian: 

 

 

L = ∑ -�./	0� � ∑ 1�	��
��� -���2����

��� 		���� � ����	 �	0�  
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Setting to zero the derivatives of L with respect to λt, Ct and Kt, one obtains 
(2.4) as well as 
 
 
	

��
 - β�����
 = �               (2.16) 

β�����
45�6�∝�
 =  ��    (2.17) 
 

These are the first-order conditions derived from the Lagrangian. Next we 
try to demonstrate that the two first-order conditions are virtually equivalent. 

This can be done as follows. Using (2.16) to express 
1+tt

E λβ in terms 1/Ct and then 

plug it into (2.17), we obtain 
tttt

CKA /
1−

=
α

αλ . This further indicates that 

 
 

�����
 =  ��[����� ���
∝��

!��	
]                         (2.18) 

 
Substitute (2.18) back into (2.16), we obtain the Euler equation (2.15). It is 

also not difficult to find that the two first-order conditions imply the same steady 
state as the one derived from the exact solution (see equation (2.9) and (2.10)). 
Writing either (2.15) or (2.17) in terms of their certainty equivalence form while 
evaluating them at the steady state, we indeed obtain (2.9). 
 
1.4.4 The Dynamic Programming Formulation 

 

The dynamic programming problem for the Ramsey growth model can be 
written, in its deterministic version, as a basic discrete time growth model 

 

V = 72�!  ∑ '�8(+�)�
���       (2.19) 

            s.t. +� +  &��	 = 9 (&�)             (2.20) 
 

with an one period utility function U’(C) > 0,U’’(C) < 0, f’(K) > 0, f’’(K) <0. 
Let us restate the problem above with K the state variable and K′ the control 
variable, where K’  denotes the next period’s value of K. Substitute C into the 
above intertemporal utility function by defining 
 

C = 9 �&
 −  &�                   (2.21) 
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We then can express the discrete time Bellman-equation, representing a 

dynamic programming formulation as 

 

 

V(K) = ����{ U [3		� �	�� � 	�	�		��    (2.22) 

 

By applying the Benveniste-Scheinkman condition3 gives 

 

 ��	� � 	4�		3		� �	��3�	�               (2.23) 

 

Note that K is the state variable and that in equ. (2.22) we have V(K’). 

Notice that from the discrete time form of the envelope condition one again obtains 

the first order condition of equ. (2.22) as 

 4�		3		� �	�� � 	���	�� � 0 
 

which gives by using (2.23) one step forward, i.e. for V’(K′). 

 4�		3		� �	�� � 	�4�	3		�� �	���	3�	��    (2.24) 

 

Note that hereby we obtain as a solution a second order difference equation 

in K, whereby K’ denotes the one period and K′′ the two period ahead value of K. 

Yet equ. (2.24) can be written as 

 

1 =  β 
��������

������
	3�	����     (2.25) 

 

which represent the Euler-equation that has extensively been used in economic 

theory4. 

If we allow for log-utility as in chapter 2.2.1 the discrete time decision 

problem is directly analytically solvable. We take the following form of a utility 

function 

 

V = ����� 	∑ �� ln ���
��
      (2.26) 

���� �	5�6�
∝ �	��        (2.27) 

 

The analytical solution for the value function is 

 

V(K) = 78 �	�9 ln	�       (2.28) 

 

and for the sequence of capital one obtains 
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���� �	�����
∝

����
          (2.29) 

with 

 

 

�9 � 	 

1 � 
� 

and 

78 � 	 ln	�9	1 � 
�� � �
1 � �
 ln	
��
1 � �  

For the optimal consumption holds 

 �� �	���� � 	�6�
∝    (2.30) 

 

and for the steady state equilibrium K one obtains 

 

 
�

�
 = αA6����  or   (2.31) 

6� � 	-:56��     (2.32) 

 

1.5 Solving the Ramsey Problem with Different Approximations 

 

1.5.1 The Fair-Taylor Solution 

 

It should be noted that one can apply the Fair-Taylor method either to the 

Euler equation or to the first-order condition derived from the Lagrangian. Here we 

shall use the Euler equation. Let us first write equation (2.15) in the form as 

expressed by (1.19) - (1.21): 

 

 ���� � 
�����6���
∝��          (2.33) 

 

Together with (2.4) and (2.3), they form a recursive dynamic system from 

which the transition paths of Ct, Kt and At can be directly computed. Since the 

model is simple in its structure, there is no necessity to employ the Gauss-Seidel 

procedure as suggested in the last chapter. 

Before we compute the solution path, we shall first parameterize the model. 

There are all together 5 structural parameters: α, β, a0, a1 and σε. 
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Table 2.1 specifies these parameters and the corresponding interior steady state 

values: 

 

Table 2.1: Parameterizing the Prototype Model 

 

Α β �
 �� ;� �� �̅ �̅ 

0.3200 0.9800 600.00 0.8000 60.000 23593 51640 3000.0 

 

Given the parameters, as reported in Table 2.1, we provide in Figure 2.1 

three solution paths computed by the Fair-Taylor method. These solution paths are 

compared to the exact solution as expressed in (2.6) and (2.7): 

The three solution paths are different due to their initial condition with 

regard to C0. Since we know the exact solution, we thus can choose C0 close to the 

exact solution denoted as 
*

0
C . Note that from (2.7) 

α

αβ
00

*

0
)1( KAC −= .In 

particular, we allow one C0 to be equal to 
*

0
C , and the others to deviate1% from 

*

0
C . 
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Figure 2.1: The Fair-Taylor Solution in Comparison to the Exact Solution: solid 
curve the exact solution, dashed and dotted curves the Fair-Taylor solution 
 

The following is a summary of what we have found in this experiment. 

• When we choose C0 above 
*

0
C  (by 1%) the path of Kt quickly reaches to 

zero and therefore the simulations have to be subject to the constraint 
α

ttt
KAC < . In particular, we restrict 

α

ttt
KAC 99.0≤ . This restriction makes 

Kt never reach zero so that the simulation can be continued. The solution 
path is shown by one of the dashed curves in the figure. 

• When we set C0 below 
*

0
C  (again by 1%), the path of Ct quickly reaches its 

lower bound 0.This is shown by the dotted curve in the figure. 

• When we set C0 to 
*

0
C , the paths of Kt and Ct (shown by the another 

dashed curve) are close to the exact solution for small t′s. Yet when t goes 
beyond a certain point, the deviation becomes significant. 
What can we learn from this experiment? The exact solution to this problem 

seems to be the saddle path for the system composed of (2.4), (2.3) and (2.33). The 

eventual deviation of the solution starting with 
*

0
C from the exact solution is likely 

to be due to the computational errors resulting from our numerical simulation. On 
the other hand, we have verified our previous concern that the initial condition for 
the control variable is extremely important for obtaining an appropriate solution 
path when we employ the Fair-Taylor method. 
 
1.5.2 The Log-linear Solution 

 

As the Fair-Taylor method, the log-linear approximation method can be 
applied to the first-order condition either from Euler equation or from the 
Lagrangian. Here we shall again use the Euler equation. Our first task is therefore 
to log-linearize the state, Euler and the exogenuous equations as expressed in (2.4), 
(2.15) and (2.3). The following is the proposition regarding this log-linearization 
(the proof is provided in the appendix): 

Next we try to find a solution path for 
t
c , which we shall conjecture as 

 :� =  ;"#2� + ;"#/�      (2.34) 
 

The proposition below regards the determination of the two undetermined 

coefficients 
ca

η and 
ck

η . 

Proposition 2: Let kt, ct and at denote the log deviations of Kt,Ct and 
At.Then equation (2.4), (2.15) and (2.3) can be log-linearized as 
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 <��� �	=���� � =��<� �	=��>�       (2.35) 

E[>��� � 		=��>� � =���� �	=��<���   (2.36) 

E[���� � ����      (2.37) 

 

 

where =�� �	5�6���� =�� �	5�6����: 

=�� �	�	�̅ ��?  

=��=αβ5�6���� =��= αβ5�6����	@� =��= αβ5�6����		: � A 

 

Next we try to find a solution path for 
t
c which we shall conjecture as 

 >� �	B���� �	B��<�    (2.38) 

 

The proposition below regards the determination of the two 

undetermined coefficients  
ca

η and 
ck

η . 

Proposition 3 Assume 
t
c follow (2.34). Then 

ca
η and 

ck
η are determined 

from the following equation 

 

B�� �	 �

��	
			�C� �	DC�� � 4C
C�   (2.39) 

 

B�� � ��
�� 
��	 ��� 
�

 

���� �
��
�� 
��
      (2.40) 

 

where  C� �	=�� C� � =�� � =�� �	=��=�� C
 �	=�� 
 

The solution paths of the model can now be computed by relying on (2.34) 

and (2.35) with 
t

a  to be given by 
−

−

+ Aaa
tt
/

11
ε . All the solution paths are 

expressed as log deviations. Therefore, to compare the log-linear solution to the 

exact solution, we shall perform the transformation via 
−

+= XxX
tt
)1( for a 

variable xt in log deviation form. Using the same parameters as reported in Table 
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2.1, we show in Figure 2.2 the log-linear solution in comparison to the exact 

solution. 

 

 

 

 

 
 

Figure 2.2: The Log-linear Solution in Comparison to the Exact Solution: solid 

curve the exact solution, dashed curves the log-linear solution 

 

In contrast to the Fair-Taylor solution, one finds that the log-linear solution 

is quite close to the exact solution except for some initial paths. 

 

2.5.3 The Linear-Quadratic Solution with Chow’s Algorithm 

 

To apply Chow’s method, we shall first transform the model in which the 

state equation appears to be linear. This can be done by choosing investment 
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tttt
CKAI −≡

α

as the control variable while leaving the capital stock and the 

technology as the two state variables. When considering this, the model becomes 
 

max )�∑ '��
��� ln( (�&�� −  <�) 

 
subject to (2.3) as well as 

 &��	 = <�        (2.41) 
 
 

Due to the insufficiency in the specification of the model with regard to the 
possible exogenuous variable, we have to treat, as suggested in the last chapter, the 
technology At  also as a state variable. This indicates that there are two state 
equations (2.41) and (2.3), both are now in linear form. Next we shall derive the 
first- and the second-order partial derivatives of the utility function around the 
steady state. This will allow us to obtain those Kij and kj (i, j = 1,2) coefficient 
matrices and vectors as expressed in Chow’s first-order conditions (1.31) and 
(1.32). 

Suppose the linear decision rule can be written as 
 <� =  ,		&� +  ,	�(� + -	    (2.42) 
 

The coefficients G11,G12 and g1 can be computed in principle by iterating 
(1.35) - (1.38) as discussed in the last chapter. Yet this requires the iteration to be 
convergent. Unfortunately, this is not attainable for our particular application, even 
if we start from many different initial conditions. Therefore, our attempt fails to 
compute the solution path with Chow’s algorithm. 
 

2.5.4 The Linear-Quadratic Solution Using the Suggested Algorithm 

 

When we employ our new algorithm, there is no need to transform the 
model. Therefore we can define F = AKα − C and U = lnC. Again our first step is 
to compute the first- and second-order partial derivatives with respect to F and U. 
All these partial derivatives along with the steady states can be used as input in the 
GAUSS procedure provided in Appendix II of the last chapters. 

Executing this procedure will allow us to compute the undetermined 
coefficients in the following decision rule for Ct: 
 +� =  ,�	&� +  ,��(� + -�       (2.43) 
 



32 

 

Equation (2.43) along with (2.4) and (2.3) form the dynamic system from 

which the transition path of Ct, Kt and At are computed (see Figure 2.3 for 

illustration). 

 

 

 

 

 

 

 

 

 
Figure 2.3: The Linear-quadratic Solution in Comparison to the Exact Solution: 

solid curve for exact solution, dashed curves for linear-quadratic solution 
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Figure 2.4: Value Function obtained from the Linear-quadratic Solution 

 

In addition, in the figure 2.4, the value function obtained from the linear 

quadratic solution is shown. As the figure shows the value function is clearly 

concave in the capital stock, K. 

 

 

 

CHAPTER 2 

 

EXAMPLE: THE RAMSEY PROBLEM 

 

 

As early as 1928 a sophisticated model of a society’s optimal saving was 

published by the British mathematician and economist Frank Ramsey (1903 - 

1930). Ramsey’s contribution was mathematically demanding and did not 

experience much response at the time. Three decades had to pass until his 

contribution was taken up seriously (Samuelson and Solow, 1956). The model was 

fusioned with Solow’s simpler growth model (Solow 1956) and became a 

cornerstone in neoclassical growth theory from the mid 1960s. The version of the 

model which we present below was completed by the work of Cass (1965) and 

Koopmans (1965). Hence the model is also known as the Ramsey-Cass-

Koopmans model. 
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The model is one of the basic workhorse models in macroeconomics. It can 
be seen as placed at one end of a line segment. At the other end appears another 
workhorse model, namely Diamond’s overlapping generations model. In the 
Diamond model there is an infinite number of agents (since in every new period a 
new generation enters the economy) and these have a finite time horizon. In the 
Ramsey model there is a finite number of agents with an infinite time horizon; 
further, these agents are completely alike. The Ramsey model is thus a 
representative agent model, whereas the Diamond model has heterogeneous agents 
(young and old) interacting in every period. 
There are important economic questions where these differences in the model setup 
lead to salient differences in the answers. 
 

2.1 The Model 

 

Ramsey (1928) posed a problem of optimal resource allocation, which is 
now often used as a prototype model of dynamic optimization. The model 
presented in this section is essentially that of Ramsey (1928) yet it is augmented by 
uncertainty. Let Ct denote consumption, Yt output and Kt the capital stock. Assume 
that the output is produced by capital stock and it is either consumed or invested, 
that is, added to the capital stock. Formally, 
 1� =  (�  &��                                         (2.1)                1� =  +� + &��	 − &�                        (2.2)   
  

where ∝∈ (0, 1) and (� is the technology which may follow an AR(1) process: 
 (��	 =  2� +  2	(� +  ���	                (2.3)     
 
Here we shall assume  εt to be i.i.d. Equation (2.1) and (2.2) indicates that we could 
write the transition law of capital stock as 
 

 &��	 = (�&�� −   +�                    (2.4)   
 
Note that we have assumed here that the depreciation rate of capital stock is equal 
to 1. This is a simplified assumption by which the exact solution is computable. 
The optimal problem of the  representative agent is to find the control sequence =+�>����  such that 
 

max)�  ? '��

���
@A+�                    (2.5) 
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given the transition law (2.4) and the initial condition (K0,A0). 

 

2.2 The Exact Solution and the Steady States 

 

It is well known that the exact solution for this model – which could be 

derived from the standard recursive method can be written as 

 ���� � 
�����																						2.6          
 

This further implies from (2.4) that 

 �� � 	1 � 
�����	 																			2.7    
 

Given the solution paths for Ct and Kt+1, we are then able to derive the 

steady state. It is not difficult to find that one steady state is on the boundary, that 

is �� � 0 and �̅ � 0. To obtain a more meaningful interior steady state, we take 

logarithm for both sides of (2.6) and evaluate the equation at its certainty 

equivalence form: 

 �������	log		
������∝ �����							2.8 

 

At the steady state, ����	 �	�� � ��. Solving (2.8) for log��,we obtain log�� �
"#$�	���

��	
. Therefore, 

 �� � 	
�	�̅�/�����																					2.9                    

Given  �,� 		�̅ is resolved from (2.4): 

 �̅ � 	���∝ � ��																																															2.10                      

 

 

2.3 The First-Order Conditions and Approximate Solutions 

 

To solve the model with different approximation methods, we shall first 

establish the first-order condition derived from the Ramsey problem. As we have 

mentioned in the last chapter, there are two types of first-order conditions, the 

Euler equation and the equation derived from the Lagrangian. Let us first consider 

the Euler equation. 

 

2.3.1 The Euler Equation 
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Our first task is to transform the model into a setting so that the state 

variable Kt does not appear in F(∙) as we have discussed in the last chapter. This 
can be done by assuming &��	 (instead of +�) as model’s decision variable. To 
achieve a notational consistency in the time subscript, we may denote the decision 

variable as B� . Therefore the model can be rewritten as 
 72�)�∑ '��

��� ln�(�&�� − &��	
                         (2.11)   
subject to 
 &��	 =  B� 
 

Note that here we have used (2.4) to express +� in the utility function. Also note 
that in this formulation the state variable in period t is still Kt. Therefore ∂F/∂x = 0 
and ∂F/∂u = 1.  
The Bellman equation in this case can be written as 
 

V(&�,(�) = 72�$��	=ln( (�&�� −  &��	
 +  ')[C�&��	,(��	
]}    (2.12) 

 
The necessary condition for maximizing the right hand side of the Bellman 
equation (2.12) is given by 
 
 

−1

(�&�� − &��	 +  ') [ 
DC

D&��	 �&��	,(��	E = 0                                     (2.13) 

 
Meanwhile applying the Benveniste-Scheinkman formula, 
 
 

   
DC
D&� (&�,(�) =

3(�&���	(�&�� −  &��	                                                                (2.14) 

 
Substituting (2.14) into (2.13) allows us to obtain the Euler equation: 
 
 

−1

(�&�� −  &��	 +  ') F 3(��	&��	��	(��	&��	� −  &���G = 0 

 
which can further be written as (the Euler Equation): 
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�	

!�
+  ') ��%��	$��	
�	

!��	

� = 0                                                                       (2.15)    

 
This Euler equations (2.15) along with (2.4) and (2.3) determine the 

transition sequences of  =&��	>��	� , =(��	>��	�  2AH =+�>����   given the initial 
condition K0 and A0. 
 

2.3.2 The First-Order Condition Derived from the Lagrangian 

 

Next, we turn to derive the first-order condition from the Lagrangian. 
Define the Lagrangian: 
 
 

 I = ∑ '�@A +� − ∑ )� [�
��� '��	*��	�

��� ( &��	 − (�&�� +  +�)] 
 
 

Setting to zero the derivatives of L with respect to λt, Ct and Kt,  one obtains 
(2.4) as well as 
 

1

:� − ')�*��	 = 0                               (2.16) 

 

β)�*��	3(�&�∝�	 =  *�                      (2.17)     

 
These are the first-order conditions derived from the Lagrangian.  
Next we try to demonstrate that the two first-order conditions are virtually 

equivalent. 

This can be done as follows. Using (2.16) to express 
1+tt

E λβ in terms 1/Ct 

and then plug it into (2.17), we obtain  *� =
�%�$�


�	

!�
. This further indicates that 

 

)�*��	 =  )� ��%��	$��	
∝�	

!��	
�                 (2.18)                        

 
Substitute (2.18) back into (2.16), we obtain the Euler equation (2.15). It is 

also not difficult to find that the two first-order conditions imply the same steady 
state as the one derived from the exact solution (see equation (2.9) and (2.10)). 
Writing either (2.15) or (2.17) in terms of their certainty equivalence form while 
evaluating them at the steady state, we indeed obtain (2.9). 
 

2.4 The Dynamic Programming Formulation 
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The dynamic programming problem for the Ramsey growth model can be 
written, in its deterministic version, as a basic discrete time growth model 

 

C = max
!

? '��

���
8�+�
                                    (2.19) 

 
            s.t. +� +  &��	 = 9 �&�
                                 (2.20)                                                        

 
with an one period utility function U’(C) > 0,U’’(C) < 0, f’(K) > 0, f’’(K) <0. 
Let us restate the problem above with K the state variable and K′ the control 
variable, where K’ denotes the next period’s value of K. Substitute C into the 
above intertemporal utility function by defining 
 + = 9�&
 − &�                                                              (2.21) 
 
We then can express the discrete time Bellman-equation, representing a dynamic 
programming formulation as 
 C�&
 = max

$�
{8J9�&
 − &�E + 'C�&�
                          (2.22) 

 
By applying the Benveniste-Scheinkman condition,  (2.22)  gives 
 
 C��&
 =  8�� 9 �&
 −  &�
9��&
                                     (2.23)            
 
Note that K is the state variable and that in equ. (2.22) we have V(K’). Notice that 
from the discrete time form of the envelope condition one again obtains the first 
order condition of equ. (2.22) as 
 8�� 9 �&
 −  &�
 +  'C�(&�) = 0 
 
which gives by using (2.23) one step forward, i.e. for V’(K′). 
 8�� 9 �&
 −  &�
 =  '8��9 �&�
 −  &�� 
9��&�
                  (2.24)     
 
Note that hereby we obtain as a solution a second order difference equation in K, 

whereby K’ denotes the one period and &′′ the two period ahead value of K.  
Yet equ. (2.24) can be written as 
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1 = ' &�'!��	(

&�'!�(
9��&��	
                                                     (2.25)  

 
which represent the Euler equation that has extensively been used in economic 
theory. 
If we allow for log-utility as in chapter 2.2.1 the discrete time decision problem is 
directly analytically solvable. We take the following form of a utility function 
 

V = C = 72�!�  ∑ '� ln+�                                             (2.26)�
���   

   &��	 =  (�&�∝ − +�                                                              (2.27)    
     
The analytical solution for the value function is 
 C�&
 = KL + +M ln�&
                                                            (2.28) 
 
and for the sequence of capital one obtains 
 
 

&��	 =  
)!%$�

∝

	�)!
                                                                          (2.29)           

with 
 

+M =  
3

1 − 3' 

and 

KL =  
ln(+M�1 − 3'
( +

'3
1 − '3 ln(3'()

1 − '  

 
For the optimal consumption holds 
 +� =  &��	 −  (&�∝                                (2.30)   
 
and for the steady state equilibrium K one obtains 
 

1

' = 3(& ��	                                            (2.31) 

 & =  '3(& �                                             (2.32)      
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2.5 Solving the Ramsey Problem with Different Approximations 

 

2.5.1 The Fair-Taylor Solution 

 

It should be noted that one can apply the Fair-Taylor method either to the 

Euler equation or to the first-order condition derived from the Lagrangian. Here we 

shall use the Euler equation. Let us first write equation (2.15) in the form as 

expressed by (1.19) - (1.21): 

 ���� � 
���������∝��																																							2.33         

 

Together with (2.4) and (2.3), they form a recursive dynamic system from 

which the transition paths of ��, �� and �� can be directly computed. Since the 

model is simple in its structure, there is no necessity to employ the Gauss-Seidel 

procedure as suggested in the last chapter. 

Before we compute the solution path, we shall first parameterize the model. 

There are all together 5 structural parameters: ∝, β, a0, a1 and σε. 

Table 2.1 specifies these parameters and the corresponding interior steady state 

values: 

 

Table 2.1: Parameterizing the Prototype Model 

 

Α β �
 �� ;� �� �̅ �̅ 

0.3200 0.9800 600.00 0.8000 60.000 23593 51640 3000.0 

 

Given the parameters, as reported in Table 2.1, we provide in Figure 2.1 three 

solution paths computed by the Fair-Taylor method. These solution paths are 

compared to the exact solution as expressed in (2.6) and (2.7): 

The three solution paths are different due to their initial condition with regard to 

C0. Since we know the exact solution, we thus can choose C0 close to the exact 

solution denoted as *

0
C . Note that from (2.7) �
∗ � 	1 � 
��
�
	. In particular, 

we allow one �
 be equal to �
∗, and the others to deviate 1% from	�
∗. 
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Figure 2.1: The Fair-Taylor Solution in Comparison to the Exact Solution: solid 

curve the exact solution, dashed and dotted curves the Fair-Taylor solution 

 

The following is a summary of what we have found in this experiment. 

• When we choose C0 above �
∗ (by 1%) the path of �� quickly reaches to 

zero and therefore the simulations have to be subject to the constraint �� J����∝. In particular, we restrict �� J 0.99����∝. This restriction makes �� 
never reach zero so that the simulation can be continued. The solution path 

is shown by one of the dashed curves in the figure. 

• When we set �
 below �
∗ (again by 1%), the path of �� quickly reaches its 

lower bound 0. This is shown by the dotted curve in the figure. 

• When we set �
 to �
∗, the paths of �� and �� (shown by the another dashed 

curve) are close to the exact solution for small t′s. Yet when t goes beyond a 

certain point, the deviation becomes significant. 

What can we learn from this experiment? The exact solution to this problem 

seems to be the saddle path for the system composed of (2.4), (2.3) and (2.33). The 

eventual deviation of the solution starting with �
∗ from the exact solution is likely 

to be due to the computational errors resulting from our numerical simulation. On 
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the other hand, we have verified our previous concern that the initial condition for 
the control variable is extremely important for obtaining an appropriate solution 
path when we employ the Fair-Taylor method. 
 

2.5.2 The Log-linear Solution 

 

As the Fair-Taylor method, the log-linear approximation method can be 
applied to the first-order condition either from Euler equation or from the 
Lagrangian. Here we shall again use the Euler equation. Our first task is therefore 
to log-linearize the state, Euler and the exogenuous equations as expressed in (2.4), 

(2.15) and (2.3). Next we try to find a solution path for 
t
c , which we shall 

conjecture as 
 :� =  ;"#2� + ;"#/�                                                             (2.34)                              
 

The problem here regards the determination of the two undetermined 

coefficients 
ca

η and 
ck

η  

Proposition 1: Let kt, ct and at denote the log deviations of Kt, Ct and At. Then 
equation (2.4), (2.15) and (2.3) can be log-linearized as 
 
 /��	 =  N*#2� + N**/� +  N*":�                                       (2.35)        
 )[:��	] =   N"":� + N"#2� + N"*/��	                               (2.36)  
   )J2��	E =   2	2�                                                                              (2.37)         
 
 
where N*# =  (̅& ��	 
 N** =  (̅& ��	3 
 

N*" =  − P+̅ & Q R 

 N"" =∝ '(̅& ��	 
 N"# =∝ '(̅& ��	2	 
 N"* = 3'(̅& ��	(3 − 1) 
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Next we try to find a solution path for 
t
c which we shall conjecture as 

 :� =  ;"#2� + ;"#/�                                          (2.38)    
 

The proposition below regards the determination of the two undetermined 

coefficients  
ca

η and 
ck

η . 

Proposition 2: Assume :�  follow (2.34). Then 
ca

η and 
ck

η are determined from the 

following equations 
 

;"* =  
	

�+�
 ( −S	 − TS	� − 4S�S�                          (2.39)               

 

;"# =
(,��-�) -���-�

-�#	�-�(,��-�)
                                           (2.40)       

 
where  S� =  N*" S	 = N** − N"" −  N*"N"* S� =  N** 
 
The solution paths of the model can now be computed by relying on (2.34) and 

(2.35) with 2� to be given by 2	2��	 +
.�

%̅
. All the solution paths are expressed as 

log deviations. Therefore, to compare the log-linear solution to the exact solution, 

we shall perform the transformation via U� = (1 + ��)UV 
for a variable �� in log 

deviation form. Using the same parameters as reported in Table 2.1, we show in 
Figure 2.2 the log-linear solution in comparison to the exact solution. 
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Figure 2.2: The Log-linear Solution in Comparison to the Exact Solution: solid 

curve the exact solution, dashed curves the log-linear solution 

 

In contrast to the Fair-Taylor solution, one finds that the log-linear solution 

is quite close to the exact solution except for some initial paths. 

 

2.5.3 The Linear-Quadratic Solution with Chow’s Algorithm 

 

To apply Chow’s method, we shall first transform the model in which the 

state equation appears to be linear. This can be done by choosing investment K� ≡����∝ � �� as the control variable while leaving the capital stock and the 

technology as the two state variables. When considering this, the model becomes 

 

 ����
∑ ���
��
 ln		����	 �	K�) 

 

subject to (2.3) as well as 
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 &��	 = <�                                        (2.41)         
 
 

Due to the insufficiency in the specification of the model with regard to the 
possible exogenuous variable, we have to treat, as suggested in the last chapter, the 

technology (�   also as a state variable. This indicates that there are two state 
equations (2.41) and (2.3), both are now in linear form. Next we shall derive the 
first- and the second-order partial derivatives of the utility function around the 

steady state. This will allow us to obtain those &01 and /1 (i, j = 1,2) coefficient 

matrices and vectors as expressed in Chow’s first-order conditions (1.31) and 
(1.32). 

Suppose the linear decision rule can be written as 
 <� =  ,		&� +  ,	�(� + -	                           (2.42)     
 

The coefficients G11, G12 and g1 can be computed in principle by iterating 
(1.35) - (1.38) as discussed in the first chapter. Yet this requires the iteration to be 
convergent. Unfortunately, this is not attainable for our particular application, even 
if we start from many different initial conditions. Therefore, our attempt fails to 
compute the solution path with Chow’s algorithm. 
 

2.5.4 The Linear-Quadratic Solution Using the Suggested Algorithm 

 

When we employ our new algorithm, there is no need to transform the 
model. Therefore we can define � = (&∝ − + and 8 = @A+. Again our first step is 
to compute the first and second-order partial derivatives with respect to F and U. 
All these partial derivatives along with the steady states can be used as input in the 
GAUSS procedure. Executing this procedure will allow us to compute the 

undetermined coefficients in the following decision rule for +�: 
 +� =  ,�	&� +  ,��(� + -�                              (2.43)        
 

Equation (2.43) along with (2.4) and (2.3) form the dynamic system from 

which the transition path of +�,&� and (� are computed (see Figure 2.3 for 
illustration). 
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Figure 2.3: The Linear-quadratic Solution in Comparison to the Exact Solution: 

solid curve for exact solution, dashed curves for linear-quadratic solution 
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Figure 2.4: Value Function obtained from the Linear-quadratic Solution 

 

In addition, in the figure 2.4, the value function obtained from the linear 

quadratic solution is shown. As the figure shows the value function is clearly 

concave in the capital stock, �. 
 

 

CHAPTER 3 

STOCHASTIC GROWTH MODELS 

 

 

In this chapter we present a model of stochastic growth emphasizing 

different aspects of the interaction between growth and uncertainty. It is the 

baseline neoclassical growth model (with complete markets) augmented with 

stochastic productivity shocks, first studied by Brock and Mirman (1972). This 

model is not only an important generalization of the baseline neoclassical growth, 

but also provides the starting point of the influential Real Business Cycle models, 

which are used extensively for the study of a range of short- and medium-run 

macroeconomic questions. 

 

3.1 The Brock-Mirman Model 
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The first systematic analysis of economic growth with stochastic shocks 
was undertaken by Brock and Mirman in their 1972 paper. Brock and Mirman 
focused on the optimal growth problem and solved for the social planner’s 
maximization problem in a dynamic neoclassical environment with uncertainty. 
Since, with competitive and complete markets, the First and Second Welfare 
Theorems still hold, the equilibrium growth path is identical to the optimal growth 
path. Nevertheless the analysis of equilibrium growth is more involved and also 
introduces a number of new concepts. 

The economy is similar to the baseline neoclassical growth model. It is in 
discrete time, and the aggregate production function is now given by 
 

1�W
 = �X&�W
, I�W
, ��W
Y,                                              (3.1) 

 
where z(t) denotes a stochastic aggregate productivity term affecting how 
productive a given combination of capital and labor is in producing the unique final 
good of the economy. Let us suppose that z(t) follows a Markov chain with values 
in the set Z ≡ {z1, . . . , zN}. Many applications of the neoclassical growth model 
under uncertainty also assume that the stochastic shock is a labor-augmenting 
productivity term, so that the aggregate production function takes the form Y(t) = 
F(K(t), z(t)L(t)), though for the analysis here, we do not need to impose this 
additional restriction. Suppose that the production function F satisfies Assumptions 
1 and 2 from Chapter 2, and define per capita output and the per capita production 
function as 

Z�W
 ≡
1�W

I�W
 ≡ 9X/�W
, ��W
Y, 

 
with k(t) ≡ K(t)/L(t) once again corresponding to the capital-labor ratio. A fraction 
δ of the existing capital stock depreciates at each date. Finally, suppose also that 
the numbers z1, . . . , zN are arranged in ascending order and that j >j_ implies f (k, 

zj) > f(k, zj_) for all k ∈R+. This assumption implies that higher values of the 
stochastic shock z correspond to greater productivity at all capital-labor ratios. In 
addition, let us assume that z(t) follows a monotone Markov chain (as defined in 
Assumption 16.6), so that a higher value of z today makes higher values in the 
future more likely. 

On the preference side, the economy admits a representative household with 
instantaneous utility function u(c) that satisfies Assumption 3 in Chapter 8. The 
representative household supplies one unit of labor inelastically, so that K(t) and 
k(t) can be used interchangeably. 

Total consumption C(t) and per capita consumption, here denoted by c(t), 
are also used interchangeably. Finally, consumption and saving decisions at time t 
are made after observing the realization of the stochastic shock for time t , z(t). 
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The sequence version of the social planner’s problem of maximizing the 
expected utility of the representative household can be written as 
 

72�)�?'�
�

���

�X:�W
Y                                             (3.2) 

 
subject to 
 

/�W + 1
 = 9X/�W
, ��W
Y + �1 − [
/�W
 − :�W
, 2AH  /�W
 ≥ 0,             (3.3) 

 
with given k(0) > 0. The resource constraint (3.3) must hold at each state and for 
each history of the stochastic shock, zt (I have not yet introduced the conditioning 
on the history of these shocks to keep the formulation of the initial problem 
simple). 

To characterize the optimal growth path using the sequence problem we 

would need to define feasible plans, in particular, the mappings /L  [��] and :̃ [��] , 
with zt ≡ (z(0), . . . , z(t)) again standing for the history of (aggregate) shocks up to 
ate t . Rather than going through these steps again, let us directly look at the 
recursive version of this program, which can be written as 
 C�/, �
 = max

*�∈[�,2'*,3(�'	�4(*]
=��9�/, �
 + �1 − [
/ − /�


+ ')J]�/�, ��
|�E>            (3.4) 
 
where I used “max” rather than “sup,” since this maximization problem does have a 
solution. In particular, the main theorems from the previous chapter immediately 
apply to this problem and yield the following result. 

Proposition 3.1: In the stochastic optimal growth problem described 

above, the value function V (k, z) is uniquely defined, strictly increasing in both of 

its arguments, strictly concave in k, and differentiable in k > 0. Moreover there 

exists a uniquely defined policy function π(k, z) such that the capital stock at date t 

+ 1 is given by k(t + 1) = π (k(t), z(t)). 

Proposition 3.2: In the stochastic optimal growth problem described 

above, the policy function for next period’s capital stock, π(k, z), is strictly 

increasing in both of its arguments. 

It is also straightforward to derive the stochastic Euler equations 
corresponding to the neoclassical growth model with uncertainty. For this purpose, 
let us first define the policy function for consumption as 
 _"�/, �
 ≡ 9�/, �
 + �1 − [
/ − _�/, �
, 
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where π(k, z) is the optimal policy function for next date’s capital stock determined 
in 

Proposition 3.3: Using this notation, the stochastic Euler equation can be 
written as 
 

��X_"�/, �
Y = ')[X9��_�/, �
, ��
 + �1 − [
Y��(_"�_�/, �
, ��
)|�] 
 
where f’ denotes the derivative of the per capita production function with respect to 
the capital/labor ratio k. In this form, the Euler equation looks complicated. A 
slightly different way of expressing this equation makes it both simpler and more 
intuitive: 
 

��X:�W
Y = ')�`��W + 1
��X:�W + 1
Ya                                      (3.5) 

 
where Et denotes the expectation conditional on information available at time t , 
and p(t + 1) is the stochastic marginal product of capital (including undepreciated 
capital) at date t + 1. This form of writing the stochastic Euler equation is also 
useful for comparison with the competitive equilibrium, because p(t + 1) 

corresponds to the stochastic (date t + 1) dividends paid out by one unit of capital 
invested at time t . Finally, we can also write the transversality condition associated 
with the optimal plan as  

lim
�→�

) �'� P9�X/�W
, ��W
Y + �1 − [
R ��X:�W
Y/�W
b��0
� = 0                  (3.6) 

 

given z(0) ∈ Z, where for notational simplicity I have again used c(t) = πc(k(t ), 

z(t)) and k(t) = π(k(t − 1), z(t − 1)).  
Although Proposition 3.1 characterizes the form of the value function and 

policy functions, it has two shortcomings. First, it does not provide us with an 
analogue of the “Turnpike Theorem” of the nonstochastic neoclassical growth 
model. In particular, it does not characterize the long-run behavior of the 
neoclassical growth model under uncertainty. 

Second, while the characterization provides a number of qualitative results 
about the value and the policy functions, it does not deliver comparative static 
results. 

A full analysis of the long-run behavior of the stochastic growth model 
would take us too far afield into the analysis of Markov processes. Nevertheless a 
few simple observations are useful to appreciate the salient features of the 
stochastic law of motion of the capital-labor ratio in this model. The capital stock at 
date t + 1 is given by the policy function π, thus 
 

/�W + 1
 = _X/�W
, ��W
Y,                                                 (3.7) 
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which defines a general Markov process, since before the realization of z(t), k(t + 
1) is a random variable, with its law of motion governed by the last period’s value 
of k(t) and the realization of z(t). If z(t) has a nondegenerate distribution, k(t) does 
not typically converge to a single value (see Exercise 17.4). Instead, we may hope 
that it converges to an invariant limiting distribution. It can indeed be verified that 
this is the case.  

The Markov process (3.7) defines a sufficiently well-behaved stochastic 
process that, starting with any k(0), it converges to a unique invariant limiting 
distribution, meaning that when we look at sufficiently far away horizons, the 
distribution of k should be independent of k(0). Moreover the average value of k(t) 

in this invariant limiting distribution is the same as the time average of {k(t)}T t=0 
as T →∞(so that the stochastic process for the capital stock is ergodic).  

Consequently a steady state equilibrium now corresponds not to specific 
values of the capital-labor ratio and output per capita but to an invariant limiting 
distribution. If the stochastic variable z(t) takes values within a sufficiently small 
set, this limiting invariant distribution would hover around some particular value, 
which we may wish to refer to as a “quasi-steady-state” value of the capital labor 
ratio, because even though the equilibrium capital-labor ratio may not converge to 
this value, it has a tendency to return to a neighborhood thereof. But in general the 
range of the limiting distribution could be quite wide. 

To obtain a better understanding of the behavior of the neoclassical growth 
model under uncertainty, I next provide a simple example, which allows us to 
obtain a closed-form solution for the policy function π. 
 
3.2 A Simple Example 

 

Suppose that u(c) = log c, F�K, L, z
 = zK5L	�5, and δ = 1. The stochastic 
shock z again follows a Markov chain over the set Z ≡ {z1, . . . , zN}, with transition 
probabilities denoted by qjj’. Let k ≡ K/L. The stochastic Euler equation (17.5) 
implies that 

	

3*
�6(*,3)
= ') � �3�6(*,3)
�	

3�6(*,3)
�6(6'*,3(,3�
|��                             (3.8) 

 

which is a relatively simple functional equation in a single function _(∙,∙). Though 
simple, this functional equation would still be difficult to solve unless we had some 
idea about what the solution looked like. Here, fortunately, the method of 
“guessing and verifying” the solution of the functional equation becomes handy. 
Let us conjecture that 
 

π�k, z
 = B� + B	zk5 
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Substituting this guess into (3.8), we obtain 

 
�

���&��'(
�&�

� βE + )'��&��&�'(
���

'���������
��&��&��&��&�'(

�
|z,                 (3.9) 

 

It is straightforward to check that this equation cannot be satisfied for any 

B0 _= 0 (see Exercise 17.5). Thus imposing B0 = 0 and writing out the expectation 

explicitly with z = zj_, (17.10) becomes 

 

1
	1 � B�z*�k) � βSq**�

+

*��

αz*	B�z*�k))��
z*	B�z*�k)) � B�z*	B�z*�k))	. 

 

Simplifying each term within the summation yields 

 

1
	1 � B�z*�k∝ � βSq**�

+

*��

α
B�	1 � B�z*�k)	. 

 

Now taking zj’ and k out of the summation and using the fact that, by 

definition, ∑ q**�+
*�� � 1,	we can cancel the remaining terms and obtain B1= α β, so 

that regardless of the exact Markov chain for z, the optimal policy rule is 

 π	k, z � αβzk). 

 

 

3.3 Markov Chains 

 

Let us first introduce the stochastic (random) variable z(t) ∈	Z ≡ {z1, . . . , 

zN}, with z1< z2 < . . . < zN. Note that the set Z is finite and thus compact, which 

simplifies the analysis considerably. Let the instantaneous payoff at time t be  

 

4X�	Y, �	Y � 1, Z	Y[																																																												16.1 

 

where x(t)∈  X ⊂ RK for some K ≥ 1 and U :X × X × Z→ R. Equation (16.1) extends 

the payoff function in Chapter 6, which took the form U(x(t), x(t + 1)), by making 

payoffs directly a function of the stochastic variable z(t). As usual, returns are 

discounted by some discount factor β ∈(0, 1), x(t) again denotes the state variables 

(state vector), and x(t + 1) the control variables (control vector) at time t . The 

initial values of the state vector, x(0), and of stochastic variable, z(0), are taken as 

given. 
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The constraint also incorporates the stochastic variable z(t) and is written as 
 

��W + 1
 ∈ ,X��W
, ��W
Y, 
 
where again G(x, z) is a set-valued mapping (correspondence): 
 ,:U × B → U 
 

Suppose that the stochastic variable z(t) follows a (first-order) Markov 

chain. The important property implied by the Markov chain assumption is that the 
current value of z(t) only depends on its value from the last period, z(t − 1). 
Mathematically, this can be expressed as 
 

Pr [��W
 = �1|��0
, … , ��W − 1
] ≡ Pr [��W
 = �1|��W − 1
] 

 
The simplest example of an economic model with uncertainty represented 

by a Markov chain would be one in which the stochastic variable takes finitely 
many values and is independently distributed over time.  
In this case, clearly Pr[z(t) = zj| z(0), . . . , z(t − 1)]= Pr[z(t) = zj ], and the Markov 
property is trivially satisfied. More generally, Markov chains enable us to model 
economic environments in which stochastic shocks are correlated over time.  

Markov chains are widely used in probability theory, the study of stochastic 
processes, and various areas of dynamic economic analysis. While the theory of 
Markov chains is relatively straightforward, not much of this theory is necessary 
for the basic treatment of stochastic dynamic programming here. 

The Markov property not only simplifies the mathematical structure of 
economic models but also allows us to use relatively simple notation for the 
probability distribution of the random variable z(t). We can also represent a 
Markov chain as 
 

Pr`��W
 = �1c��W − 1
 = �1�a ≡ d11� , 
 
for any j,j’ = 1, . . . , N, where qjj’ ≥ 0 for all j, j’,  and 
 

?d11��	 278 9#": 1��	,…,;.

;

1�	

 

 
 

Here qjj’ is also referred to as a transition probability, meaning the 
probability of the stochastic state z transitioning from zj’ to zj. To see how this 
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particular way of introducing stochastic elements into dynamic optimization is 
useful in economic problems, let us start with a simple example, which is also 
useful for introducing some additional notation. 
 
 

CHAPTER 4 

STOCHASTIC BUSINESS CYCLE MODELS 

 

The Real Business Cycle model as a prototype of a stochastic dynamic 

macromodel has influenced quantitative macromodeling enormously in the last two 

decades. Its concepts and methods have diffused into mainstream macroeconomics. 

The criticism of the performance of macroeconometric models of Keynesian type 

in the 1970s and the associated rational expectation revolution pioneered by Lucas 

(1976) initiated this development. The Real Business Cycle analysis now occupies 

a major position in the curriculum of many graduate programs. To some extent, the 

Real Business Cycle approach has become a new orthodoxy of macroeconomics. 

The central argument by Real Business Cycel theorists is that economic 

fluctuations are caused primarily by real factors. Kydland and Prescott (1982) and 

Long and Plosser (1983) first strikingly illustrate this idea in a simple 

representative agent optimization model with market clearing, rational expectation 

and no monetary factors. Stockey, Lucas and Prescott (1989) further illustrate that 

such type of model could be viewed as an Arrow-Debreu economy so that the 

model can be established on a solid micro-foundation with many (identical) agents. 

Therefore, as mentioned above, the RBC analysis can also be regarded as a general 

equilibrium approach to macrodynamics. 

 

4.1 The Microfoundation 

 

The standard Real Business Cycle model assumes a representative agent 

who solves a resource allocation problem over an infinite time horizon via dynamic 

optimization. It is argued that “the solutions to planning problems of this type can, 

under appropriate conditions, be interpreted as predictions about the behavior of 

market economies.”(Stokey et al. 1989, p. 22) 

To establish the connection to the competitive equilibrium of the Arrow-

Debreu economy, several assumptions should be made for an hypothetical 

economy. First, the households in the economy are identical, all with the same 

preference, and firms are also identical, all producing a common output with the 
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same constant returns to scale technology. With this identical assumption, the 

resource allocation problem can be viewed as an optimization problem of a 

representative agent. 

Second, as in Arrow-Debreu economy, the trading process is assumed to be 

“once-and-for-all”. The following citation is again from Stokey et al. (1989, p.23). 

Finally, assume that all transactions take place in a single once-and-for-all market 

that meets in period 0. All trading takes place at that time, so all prices and 

quantities are determined 

simultaneously. No further trades are negotiated later. After this market has closed, 

in periods t = 0, 1, ..., T, agents simply deliver the quantities of factors and goods 

they have contracted to sell and receive those they have contracted to buy. 

The third assumption regards the ownership. It is assumed that the 

household owns all factors of production and all shares of the firm. Therefore, in 

each period the household sells factor services to the firm. The revenue from 

selling factors can only be used to buy the goods produced by the firm either for 

consuming or accumulating as capital. The representative firm owns nothing. In 

each period it simply hires capital and labor on a rental basis to produce output, 

sells the output and transfers any profit back to the household. 

 

4.1.1 The Decision of the Household 

At the beginning of the period 0 when the market is open, the household is 

given the price sequence 
∞

=0
},,{
tttt

rwp  at which he (or she) will choose the 

sequence of output demand and input supply 
∞

=0
},,,{
t

s

t

s

t

d

t

d

t
knic  that maximizes the 

discounted utility: 

(4.1) 
subject to 
 

(4.2) 
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(4.3) 
 

Above δ is the depreciation rate; β is the discounted factor; πt is the 

expected dividend; 
d

t
c and 

d

t
i are the demands for consumption and investment; and 

s

t
n and 

s

t
k  are the supplies of labor and capital stock. Note that (4.2) can be 

regarded as a budget constraint. The equality holds due to the assumption .0>
c

U  

Next, we shall consider how the representative household calculates πt. It is 
reasonable to assume that 

                                                              (4.4) 

where 
∧∧∧

ttt
kandny , are the realized output, labor and capital expected by the 

household at given price sequence Given the same price sequence 
∞

=0
},,{
tttt

rwp , 

and also the sequence of expected technology shocks ∞

=

∧

0
}{
t

tA ,the problem faced by 

the representative firm is to choose input demands and output supplies 
∞

=0
},,{
t

d

t

d

t

s

t
kny .  

 
Thus assuming that the household knows the production function while 

expecting that the market will be cleared at the given price sequence 
∞

=0
},,{
tttt

rwp , 

(4.4) can be rewritten as 
(4.5) 
 

Above, f(·) is the production function and 
∧

t
A is the expected technology 

shock. Explainingπt in (4.2) in terms of (4.5) and then substituting from (4.3) to 

eliminate 
d

t
i , we obtain 

 

(4.6) 
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Note that (4.1) and (4.6) represent the standard RBC model, although it 
only specifies one side of the markets: output demand and input supply. 

Given the initial capital stock 
s

k
0

, the solution of this model is the sequence 

of plans 
∞

=0
},,,{
t

s

t

s

t

d

t

d

t
knic  where 

s

t
k  is implied by (4.6), and 

(4.7) 
(4.8) 

(4.9) 

 
 
4.1.2 The Decision of the Firm 

 

Given the same price sequence 
∞

=0
},,{
tttt

rwp , and also the sequence of 

expected technology shocks ∞

=

∧

0
}{
t

tA , the problem faced by the representative firm 

is to choose input demands and output supplies 
∞

=0
],,{
t

d

t

d

t

s

t
kny .However, since the 

firm simply rents capital and hires labor on a period-by-period basis, its 
optimization problem is equivalent to a series of one-period maximization 
(Stokey et al. 1989, p25): 
subject to 

 
(4.10) 

 

where t = 0, 1, 2, ...,∞. The solution to this optimization problem satisfies: 
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This first-order condition allow us to derive the following equations of input 

demands 
d

t
k  and 

d

t
n : 

 

(4.11) 

(4.12) 
 

 

4.1.3 The Competitive Equilibrium and the Walrasian Auctioneer 

 

A competitive equilibrium can be described as a sequence of prices 
∞

=0
},,{
tttt

rwp at which the two market forces (demand and supply) are equalized in 

all these three markets, i.e., 
 

(4.13) 

(4.14) 

(4.15) 
 
for all t’s, t = 0, 1, 2, ...,∞. The economy is at the competitive equilibrium if 

 
Using equation (4.6) - (4.12), one can easily prove the existence of 

∞

=0
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has satisfies the equilibrium condition (4.13)-(4.15). 

The real business cycles literature usually does not explain how the 

equilibrium is achieved. Implicitly, it is assumed that there exists an auctioneer in 
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the market, who adjust the price towards the equilibrium. This adjsutment process - 

often named as tâtonnement process as in Walrasian economics – is a commen 

solution to the adjsutment problem within the neoclassical general equilibrium 

framework. 

 

4.2.4 The Contingency Plan 

 

It is not difficult to find that the sequence of equilibrium prices 

∞

=0
},,{
tttt

rwp depends on the expected technology shock ∞

=

∧

0
}{
t

tA . This indeed 

creates a problem how to express the equilibrium prices and the equilibrium 

demand and supply which are supposed to be made at the beginning of period 0 

when the technology shock from period 1 onward are all unobserved. The Real 

Business Cycle theorists circumvent this problem skillfully and ingeniously. 

Their approach is to use the so-called “contingency plan”. As written by 

Stokey et al. (1989, p17): „In the stochastic case, however, this is not a sequence of 

numbers but a sequence of contingency plans, one for each period. Specifically, 

consumption ct, and end-of-period capital kt+1 in each period t = 1, 2, ... are 

contingent on the realization of the shocks z1, z2, ..., zt. This sequence of 

realization is information that is available when the decision is being carried out 

but is unknown in period 0 when the decision is being made. Technically, then, the 

planner chooses among sequence of functions....” 

Thus the sequence of equilibrium prices and the sequence of equilibrium 

demand and supply are all contingent on the realization of the shock regardless that 

the corresponding decisions are all made at the beginning of period 0. 

 

4.1.5 The Dynamics 

 

Assume that the decisions are all contingent on the future shock 
∞

=0
}{
tt

A , 

and the prices are all at their equilibrium, the dynamics of our hypothetic economy 

can be fully described by the following equations regarding the realized 

consumption, employment, output, investment and capital stock: 

(4.16) 

),(
ttct

AkGc =
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(4.17) 

(4.18) 

(4.19) 

(4.20) 

 

given the initial condition k0 and the sequence of technology shock 
∞

=0
}{
tt

A . 

This indeed provides another important property of the RBC economy. 

Although the model specifies the decision behaviors for both household and the 

firm and therefore the two market forces, demand and supply, for all major three 

markets: output, capital and labor markets, the dynamics of the economy is 

reflected by only the household behavior, which concerns only one side of the 

market forces, the output demand and input supply. The decision of the firm does 

not have any impact! This is certainly due to the equilibrium feature of the model 

specification. 

 

 

4.2 The Standard RBC Model 

 

4.2.1 The Model Structure 

 

The hypothetical economy we have presented in the last section is only for 
explaining the theory (from microeconomic point of view) behind the standard 
RBC economy. The model specified in (4.16) - (4.20) is not testable with empirical 

data, not only because we do not specify the stochastic process of 
∞

=0
}{
tt

A , but also 

we do not introduce the growth factor. For an empirically testable standard RBC 
model, we employ here the specifications of a model as formulated by King, et al. 
(1988). 
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Let 
t

K denote for the aggregate capital stock, 
t

Y  for aggregate output and 

t
C  for aggregate consumption. The capital stock in the economy follow the 

transition law: 
 
(4.21) 
 

where δis the depreciation rate. Assume that the aggregate production function take 
the form: 

(4.22) 

 

where 
t

N is per capita working hours; αis the share of labor in the production 

function; 
t

A is the temporary shock in technology and 
t

X  the permanent shock that 

follows a growth rate γ. Note that here 
t

X  includes not only the growth in labor 

force, but also the growth in productivity. Apparently, the model is nonstationary 

due to 
t

X . To transform the model into a stationary formulation, we divide both 

sides of equation (4.21) by 
t

X  (when 
t

Y is expressed by (4.22)): 

 

(4.23) 
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3.0, ≡≡≡  with N to be the sample 

mean of Nt. Note that 
t

n  is often regarded to be the normalized hours. The sample 

mean of nt is equal to 30 %, which, as pointed out by Hansen (1985), is the average 

percentage of hours attributed to work. 

The representative agent in the economy is assumed to make the decision 
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(4.24) 

 

subject to the state equation (4.23). The exogenuous variable in this model is the 

temporary shock 
t

A  which may follow an AR(1) process: 

 

(4.25) 

 

with εt to be an i.i.d. innovation. 

Note that there is no possibility to derive the exact solution with the 

standard recursive method. We therefore have to rely on an approximate solution. 

For this, we shall first derive the first-order conditions. 

 

4.2.2 The First-Order Conditions 

There are two types of first order conditions, the Euler equations and the 

equations from the Lagrangian. The Euler equation is not used in our suggested 

solution method. We evertheless 

still present it here as an exercise and demonstrate that the two first-order 

conditions are virtually equivalent. 

 

4.2.2.1The Euler equation 

To derive the Euler equation, our first task is to transform the model into a 
setting that the state variable kt does not appear in F(·) as we have discussed in 

Chapter 1. This can be done by assuming 
1+t

k (instead of 
t
c ) along with nt as 

model’s decision variables. In this case, the objective function takes the form: 

where 
 

(4.26) 

 

Note that here we have used (4.23) to express ct in the utility function; yt is 
the stationary output via the following equation: 
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(4.27) 
 

Given such an objective function, the state equation (4.23) can simply be 
ignored in deriving the first-order condition. The Bellman equation in this case can 
be written as 

 
(4.28) 
 
The necessary condition for maximizing the right side of Bellman equation (4.28) 

is given by 
(4.29) 
 

(4.30) 

Meanwhile the application of Benveniste-Scheinkman formula gives 
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From equation (4.23) and (4.26), 
 

 
 
Substituting the above expressions into (4.32) and (4.30), we establish the 
following Euler equations: 

(4.33) 
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Setting zero the derivatives of  L with respect to 
tttt

andknc λ,, , one obtains the 

following first-order condition: 

(4.35) 
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This further indicates that 
 

(4.39) 
 

Substituting (4.39) into (4.35), we obtain the first Euler equation (4.33). 

Second, expressing 
1

)]1/([
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+
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E λγβ  again in terms of 
t
c/1 , and substituting it into 

(4.36), we then verify the second Euler equation (4.34). 

 

4.2.3 The Steady States 
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and 

 

where 

(4.40) 

 

Note that we have used the first-order condition from the Lagrangian to 

derive the above two steady states. Since the two first-order conditions are virtually 

equivalent, we expect that the same steady states can also be derived from the Euler 

equations. 

 

4.3 Solving Standard Model with Standard Parameters 

 

To obtain the solution path of standard RBC model, we shall first specify 

the values of the structural parameters defined in the model. These are reported in 

Table 4.1. We shall remark that these parameters are close to the standard 

parameters, which can often be found in the RBC literature. More detailed 

discussion regarding the parameter selection and estimation will be provided in the 

next chapter. 

 

Table 4.1: Parameterizing the Standard RBC Model 
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Assume that decision rule take the form 

(4.41) 
(4.42) 
 

Our first step is to compute the first- and the second-order partial 

derivatives with respect to F and U where 

 

 

All these partial derivatives along with the steady states can be used as the 

inputs in the GAUSS procedure provided in Appendix II of Chapter 1. Executing 

this procedure will allow us to compute the undetermined coefficients Gij and gi 

(i,j = 1, 2) in the decision rule as expressed in (4.41) and (4.42). In Figure 4.1 and 

Figure 4.2 , we illustrate the solution paths, one for the deterministic and the other 

for the stochastic case, for the variables kt, ct, nt and At. 
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Figure 4.1: The Deterministic Solution to the Benchmark RBC Model forthe 

Standard Parameters 
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Figure 4.2: The Stochastic Solution to the Benchmark RBC Model for the Standard 

Parameters 

 

Elsewhere (see Gong and Semmler 2001), we have compared these solution 

paths to those computed by Campbell (1994)’s log-linear approximate solution. We 

find that the two solutions are surprisingly close to the extent that one can hardly 

observe the differences. 

 

4.4 The Generalized RBC Model 

 

In recent work stochastic dynamic optimization models of general 

equilibrium type have been presented in the literature that go beyond the standard 

model as discussed in chapter 4.2. The recent models are more demanding in terms 

of solution and estimation methods. Although we will not attempt to estimate those 

more generalized versions it is worth presenting the main structure of the 

generalized models and to demonstrate how they can be solved by using dynamic 

programming as introduced in chapter 1.6.  

 

4.4.1 The Model Structure 
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The generalization of the standard RBC model is usually undertaken either 
with respect to preferences or with respect to the technology. With respect to 
preferences utility functions such as 
 

(4.43) 
 
are used. The utility function (4.43) with consumption, C and labor effort, N, as 
arguments is non-separable in consumption and leisure. We can obtain from (4.43) 
a separable utility function such as 
 

(4.44) 
 
which is additively separable in consumption and leisure. 

Moreover, by setting σ = 1 we obtain simplified preferences in log utility 
and leisure. 
 

(4.45) 
 

As concerning production technology and markets usually the following 
generalizations are introduced. First we can allow for increasing returns to scale. 
Although the individual-level private technology generates constant returns to scale 
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may allow for an aggregate production function with increasing returns to scale, 
with 
 
 
 
(4.46) 
 
whereby α = (1 + ξ)a, β = (1 + ξ)b and Y,K,N represent total output, the aggregate 

stock of capital and labor hours respectively. The increasing returns to scale 

technology represented by equ. (4.46) can also be interpreted as a monopolistic 

competition economy where there are rents arising from inverse demand curves for 

monopolistic firms. 

Another generalization as concerning production technology can be 

undertaken by introducing adjustment cost of investment.  We may write 

 

(4.47) 

 
 
with the assumption of 
 
 
 
(4.48) 
Hereby δ is the depreciation rate of the capital stock. A functional form that 
satisfies the three conditions of equ. (4.47) is 
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For φ = 0, one has the standard model without adjustment cost, namely 

 

The above describes a type of a generalized model that we want to solve. 

 

 

4.4.2 Solving the Generalized RBC Model 

 

We write the model in continuous time and in its deterministic form 

(4.50) 

s.t. 

 

(4.51) 

 

where preferences U(Ct,Nt) are chosen such as represented by equ. (4.45) and the 

technology such as specified in eqs. (4.46) and (4.47)-(4.49). The latter are used in 

equ. (4.51). 

For solving the model with the dynamic programming algorithm as 

presented in chapter 1.6 we use the following parameters. 

 

Table 4.2: Parametrizing the General Mode 

 
 

Note that in order to stay as close as possible to the standard RBC model we 

avoid externalities and therefore presume ξ = 0. Preferences and technology (by 

using adjustment cost of capital) take on, however, a more general form. Note that 

the dynamic decision problem (4.50)-(4.51) are written in continuous time. Its 

discretization for the use of dynamic programming is undertaken through the Euler 
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procedure. Using then the deterministic variant of our dynamic programming 

algorithm of ch. 1.6 and a grid for the capital stock, K, in the interval [0.1, 10], we 

obtain the following value function, representing the total utility along the optimal 

paths of C and N. 

 
Figure 4.3: Value function for the general model 
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Figure 4.4: Paths of the Choice Variables C and N (depending on K) 

 

The out-of-steady state of the two choice variables namely consumption 

and labor effort,(depending in feedback form on the state variable capital stock, K) 

are shown in Figure 4.4. As can be clearly observed the value function is concave, 

see Figure 4.3. 

Moreover, see Figure 4.4, consumption is low and labor effort high, when 

capital stock is low (so that capital stock can be built up) and consumption is high 

and labor effort low (so that capital stock will shrink). The dynamics generated by 

the response of consumption and labor effort to the state variable capital stock, K, 

will thus lead to a convergence toward an interior steady state of the capital stock, 

consumption and labor effort. 
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PART II. 

 

FINANCIAL CONTAGION 

 
Nora CHIRIŢĂ 

 
 

INTODUCTION 

WHAT IS FINANCIAL CONTAGION? 

 

The phrase financial contagion draws on a concept whose root meaning 

lies in the field of epidemiology. Like almost all metaphors, this one has the power 

to illuminate and to mislead. Its referent is the spread of financial distress from one 

firm, market, asset class, nation, or geographical region to others. But, contagion 

carries with it other burdens of meaning. First, to refer to contagion, instead of 

merely to an epidemic, is to implicitly assert that there is a mechanism of 

transmission from one infected victim to other potential victims.  

For example, bubonic plague and malaria may give rise to epidemics, but 

these diseases are not contagious, being transmitted by the bite of a flea and the 

sting of a mosquito, rather than being spread from one infected party to another. By 

contrast, some epidemics may be the result of truly contagious diseases in which 

the disease spreads directly from one victim to another through the direct 

transmittal of a pathogen, such as is the case with tuberculosis and AIDS. Second, 

because a contagious disease spreads from one infected host to others by some 

mechanism, the key to understanding such a malady is to comprehend the method 

of transmission. Finally, by invoking a metaphor of illness, financial contagion 

implies an economic disorder, dislocation, or disease. 

Contagion is a fairly new concept in the economics literature—before 

1990, it was scarcely mentioned (Edwards 2000, p. 1). Early interest in the concept 

stemmed from international finance, particularly the finance of emerging 



77 

 

economies, and concern about contagion was exacerbated by the Asian financial 

crisis of 1997–1998 (Hunter, Kaufman, and Krueger 1999). Because concern 

originated in the international arena, the idea of transmission of financial 

difficulties across national borders has always had a prominence in discussions of 

contagion. But the financial crisis of 2007–2009, which inaugurated the subsequent 

Great Recession, provided powerful evidence that contagion was not a 

phenomenon limited to emerging markets or the arena of international finance. 

Although there is little agreement about the meaning of contagion, much 

has been written about the channels of contagion, or the mechanisms by which 

financial distress originating in one source spreads to other victims. The problem 

here is to identify the channels of contagion or the means by which financial 

distress spreads from one arena to others. In some instances, financial difficulties 

percolate slowly and only gradually affect other markets or nations. In other 

situations, financial distress spreads like the most virulent of infectious or 

contagious diseases.  

Notice also that the so-called channels of contagion matter both for the 

spread of financial distress when the transmission is conceived on the epidemic 

model (like bubonic plague and malaria) or on the truly contagious model (like 

tuberculosis or AIDS). There is some danger of conflating contagion with the 

evidence of contagion. That is, there is a risk of taking evidence of contagion as the 

malady itself.  

According to many studies, a contagious episode in finance typically 

results in a particularly heightened correlation among the affected domains. For 

example, if a financial crisis arises, the stock returns of two financial firms may 

suddenly start behaving more similarly than they did in the pre-crisis period. 

Although increased correlations may provide a method for identifying the 

occurrence of a contagious episode, the jump in correlations is hardly contagion per 

se. These issues—alternative conceptions of contagion, the channels of contagion, 
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and methods for identifying contagion—are key to understanding financial 

contagion. This chapter addresses each of these fundamental problem areas in turn. 

 

1.1 THE CONCEPT OF CONTAGION 

 

There is no settled meaning for contagion in finance. Some scholars fully 

embrace the disease metaphor: “One theory is that small shocks which initially 

affect only a few institutions or a particular region of the economy, spread by 

contagion to the rest of the financial sector and then infect the larger 

economy” (Allen and Gale 2000, p. 2). For others, contagion is merely the 

diffusion of financial stress, without connotations of disease: “the spread of 

financial difficulties from one economy to others in the same region and 

beyond in a process that has come to be referred to as ‘contagion”. 

(Caramazza, Ricci, and Salgado 2004, p. 51). 

In “A Primer on Financial Contagion,” Marcello Pericoli and Massimo 

Sbracia consider five definitions of contagion that reflect the wide variety of 

meanings ascribed to this term: “1. Contagion is a significant increase in the 

probability of a crisis in one country, conditional on a crisis occurring in 

another country. . . . 2. Contagion occurs when volatility of asset prices spills 

over from the crisis country to other countries. . . . 3. Contagion occurs when 

cross-country comovements of asset prices cannot be explained by 

fundamentals. . . . 4. Contagion is a significant increase in comovements of 

prices and quantities across markets, conditional on a crisis occurring in one 

market or group of markets. . . . 5. Contagion occurs when the transmission 

channel intensifies or, more generally, changes after a shock in one market” 

(Pericoli and Sbracia 2003, pp. 574–575). These five definitions exhibit substantial 

conceptual differences. For example, the first is defined as a change in probabilities 

of a crisis, while the second focuses on a change in volatilities. Similarly, the first 
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seems to pertain only to international financial contagion, while the third speaks of 

markets or groups of markets. 

On some understandings, the speed with which financial distress spreads 

is critical. For Kaminsky, Reinhart, and V´egh (2003), contagion is “an episode in 

which there are significant immediate effects in a number of countries 

following an event—that is, when the consequences are fast and furious and 

evolve over a matter of hours or days” (p. 55). They also acknowledge that there 

are similar events in which the spread is gradual, but these they regard as 

spillovers, not instances of contagion. 

For many scholars, a change in the correlations among economic variables 

is a key. This is reflected in the third and fourth definitions listed by Pericoli and 

Sbracia. For their part, Kaminsky, Reinhart, and Vegh (2003) make this an explicit 

additional condition in their definition of contagion, saying “Only if there is 

‘excess comovement’ in financial and economic variables across countries in 

response to a common shock do we consider it contagion” (p. 55). 

Kristin J. Forbes and Roberto Rigobon (2002) make this idea of 

correlation or changes in correlation the centerpiece of their understanding of 

contagion. Acknowledging a widespread disagreement over the meaning of 

contagion, they note that increased correlation has been taken as evidence of 

contagion. But for Forbes and Rigobon the matter is more complicated. Consider a 

major economic shock affecting one country or market. Such an event can raise 

volatility in financial markets generally, and heightened volatility, by itself , can 

cause an increase in measured correlation. For Forbes and Rigobon, such an 

increase in measured correlation is not an indicator of contagion. Instead, they 

regard contagion as reflected by an increase in correlation among asset returns, 

after discounting any such increased correlation that is due to an increase in 

volatility. 
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The core idea is that such an increase in correlations, properly measured, 

reflects an increase in linkages across markets or countries, and a change in the 

economic linkages are the key in their definition: “This paper defines contagion as 

a significant increase in cross-market linkages after a shock to one country (or 

group of countries)” (Forbes and Rigobon 2002, p. 2223). If the episode is truly 

one that exemplifies contagion, there will be an increased correlation among 

returns of the affected entities, even after discounting the measured correlation for 

the increased correlation due to heightened volatility. On this definition, Forbes and 

Rigobon argue that there was virtually no contagion during the 1997 Asian crisis, 

the 1994 Mexican peso devaluation, or the market crash in U.S. markets in October 

of 1987, all episodes that many others had identified as contagious episodes.  

Others have followed or even extended the intuition of Forbes and 

Rigobon. Geert Bekaert, Campbell Harvey, and Angela Ng (2005) define contagion 

as “excess correlation, that is, correlation over and above what one would 

expect from economic fundamentals,” and they assert that “Contagion is a level 

of correlation over what is expected” (pp. 40, 65). For those who adopt this 

framework of thought, the idea is that a model of asset returns provides a gauge of 

how an asset should behave based on other variables. Thus, the model gives an 

expected return for the asset being modeled. If we have special confidence in our 

model, we might even be tempted to think (even if we are not bold enough to say) 

that the model tells us how returns of the asset ought to behave, or what the rational 

behavior of those returns would be. In this framework of thought, contagion occurs 

when correlations jump to a level that is beyond what the model tells us to expect 

regarding correlation or what the model tells us is the rational level of correlation.  

Contagion, viewed as a departure from the normal, the expected, or the 

rational, taps the disease dimension of the contagion metaphor. This line of thought 

has seemed attractive to quite a few researchers, but it threatens implicitly to define 

contagion as that which is inexplicable on our ordinary understanding. Thus, 
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requiring heightened correlation not due to an increase in overall volatility and/or 

not due to economic fundamentals sets a high evidentiary bar for identifying 

contagion. On such criteria, many episodes that seem to have been instances of 

contagion are disqualified. Corsetti, Pericoli, and Sbracia (2005) attack this 

literature exactly on the grounds of setting an unrealistically difficult test for 

finding correlation. These findings of interdependence, but no contagion, they 

assert “follow from arbitrary assumptions on the variance of the country-specific 

noise in the markets where the crisis originates—assumptions that bias the test 

towards the null hypothesis of interdependence”. 

In many cases, people who live through crises experience these financial 

episodes as exemplifying contagion. Against this background, a definition of 

contagion that disqualifies almost of all of these events fails to be useful in 

understanding people’s experience. By the same token, it must be possible for 

people to experience a financial crisis as exemplifying contagion and for them to be 

mistaken. 

Otherwise, the effort to define contagion would be pointless. To truly 

identify some financial catastrophe as a contagious episode really turns on being 

able to specify the mechanism by which financial distress is propagated. 

Understanding how financial distress spreads will throw additional light on the 

concept of contagion and will be important in distinguishing true from merely 

apparent instances of financial contagion. 

 

1.2 TRANSMISSION CHANNELS OF CONTAGION 

 

It is at least possible to imagine widespread financial distress that is not 

the result of contagion. For example, if a large asteroid were to strike the earth, the 

economic consequences would be extremely large and widespread. But this would 

not be an episode of contagion on many definitions, because there would not be a 
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transmission of financial distress from one stricken domain to another. Instead, in 

this example, all of the distress stems from an exogenous common source. 

 Similarly, the outbreak of widespread war might cause dramatic financial 

losses in many markets, but it would hardly constitute an example of contagion. 

Thus, widespread financial distress that results from some event external to the 

economy will not be seen as an instance of contagion, generally speaking. Some 

channels of contagion seem clear and easy to understand. For example, a trade link 

between two countries stands as the most obvious avenue of transmission for 

financial difficulties from one country to another. Consider two adjacent countries 

with strong trade links. If one of these countries experiences an internally generated 

economic crisis, due perhaps to a coup or civil war, that country will suffer large 

economic effects on the production of export goods and on the demand for goods 

from its trading partner. 

 This disruption in trade can have profound and virtually immediate 

effects on its trading partner, and such a situation seems to be a clear instance of 

contagion. Here financial difficulties in one country arise, and we can understand 

quite readily how those difficulties can be transmitted to another country through 

trade linkages. Although financial ties are not as directly palpable as a trade 

linkage, they also provide a fairly clear means by which financial difficulties in one 

country (or firm) can be transmitted to another. Assume that country A is a large 

creditor of country B. Country B experiences internally generated economic 

difficulties that make it apparent that it will not be able to pay its creditors as 

promised. In this case, country A sustains large losses and experiences its own 

financial distress. The financial difficulties in country B are then transmitted to 

country A through these financial linkages. 

These examples rest on changes in real economic activities or changes in 

cash flows from financial assets. By contrast, much financial distress can arise 

more or less immediately from a change in perceptions, no matter whether those 
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perceptions are grounded in reality. For example, consider a situation in which the 

public witnesses a run on a particular bank without knowing anything about the 

true condition of the bank suffering the run. Observing the run on this bank might 

make depositors at other banks fear the soundness of their own banks. Faced with 

this new uncertainty about the soundness of other banks, depositors might run to 

withdraw funds from their own accounts, even though they have no independent 

reason to question the soundness of their own banks. In this example, the financial 

difficulties at the first bank led to financial difficulties at other banks, but the 

transmission mechanism was due entirely to a shift in public perceptions. There 

may well have been no real difficulty at the first bank, and there may have been no 

financial linkages between the first bank to suffer a run and the other banks. Yet, 

financial difficulties at the first bank can lead to financial difficulties at other banks 

through a mechanism that can be specified quite clearly. 

Closely allied to the bank run example is a situation in which investors see 

a variety of countries, firms, or assets as similar. Assume that investors in one 

particular asset realize that the value of that asset is much lower than previously 

thought. Further, assume that this information becomes public. Given the reduced 

value of the first asset, one may quickly come to view other similar assets as 

overpriced. This can lead to a rapid reassessment of the value of these other assets. 

In some sense, the financial difficulty in the first asset is transmitted to others 

through the medium of changed investor perceptions. In this example, the 

information about the first asset was true. This kind of potentially contagious event 

is referred to as a wake-up call. The perception of a lower value for the first asset 

awakens investors to the true economic value of other assets. It seems that part of 

the Asian financial crisis of the late 1990s stemmed from such a wake-up call when 

a realization that the Thai baht was overvalued led investors to question the value 

of other Asian currencies. As a result, financial difficulties in Thailand were 

quickly replicated in other Asian countries. A sudden reassessment of asset values 
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played an important role at a crucial juncture in the financial crisis of 2007–2009. 

Many financial firms had long been under suspicion and had suffered major 

depreciation in their stock prices. 

 In a single week, from September 15 to 21, 2008, all major investment 

banking firms left the industry: Lehman Brothers filed for bankruptcy on 

September 15, and Bank of America absorbed Merrill Lynch on the same day. The 

week before, Fannie Mae and Freddie Mac had become explicit wards of the 

federal government, driving their share prices nearly to zero. On September 16, 

AIG, formerly the only triple-A financial firm in the United States, received a 

federal guarantee of support to the tune of $85 billion. After these events, it was 

clear to many that the financial difficulties just experienced by all of the largest 

financial firms in the United States would now focus on the only two significant 

investment banks still surviving, Goldman Sachs and Morgan Stanley. Fearing 

their own demise, both firms petitioned the Federal Reserve to become bank 

holding companies to secure a virtually bottomless pool of financing, while 

succumbing to increased regulation.  

Widespread financial distress often has many sources. For example, the 

origins of the Great Depression remain a subject of continuing debate—in part 

because it had so many disparate causes. In many instances, various sources of 

financial distress and contagion operate together. In their book The Panic of 1907, 

Robert F. Bruner and Sean D. Carr explain how financial difficulties began with a 

purely external event, the great San Francisco earthquake and fire of 1906. This 

catastrophe led to economic dislocations in the real economy, leading to financial 

effects by affected companies and individuals. Troubles were furthered by an 

attempted stock market manipulation, which itself had widespread consequences. 

Before long, financial difficulties engulfed the world. 

The financial crisis of 2007–2009 had many causes that will be debated 

for a long time, and the role of contagion in transitioning from a subprime real 
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estate problem in the United States to a worldwide recession and widespread 

financial distress will long be debated. However, most accounts of the financial 

crisis and ensuing Great Recession acknowledge the role of long-standing U.S. 

policies to promote homeownership, an enduring policy of easy money and low 

interest rates at the macro level, along with corruption, dishonest mortgage 

practices, and a hubris with respect to very complex financial instruments, among 

still other factors (Kolb 2010 and Kolb 2011, especially Chapters 9–13). The 

complexity of large-scale and widespread financial dislocations makes it almost 

certain that many observers will find a role for financial contagion in explaining 

how the disaster spread so quickly, widely, and completely. But the very size and 

complexity of these financial crises also makes it extremely likely that much more 

was in play besides a merely contagious episode. The fact that contagious financial 

distress is often embedded in a more complex context makes it difficult to identify 

and isolate the contagion that appears to be a central part of the story. 

 

1.3 IDENTIFYING CONTAGIOUS EPISODES 

 

Those who live through large-scale financial dislocations, and especially 

those leaders charged with responding to them have no trouble in identifying the 

episode as being one of contagion, but sometimes they are not seen until they 

already have an effect. Laura Tyson, former Chair of the Council of Economic 

Advisors, speaking on the role of Thailand in the Asian financial crisis, said: 

“Thailand is a very small economy. It didn’t have a lot of links, and it’s not exactly 

in your backyard. So in any event, the U.S. chose not to intervene in Thailand 

[while the baht was under pressure in 1997], thinking it was not going to spill over. 

Why would it? The contagion effects were not apparent to anybody, not just the 

administration” (Yergin and Cran 2003). 
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Yet the contagion was soon apparent to policy makers in this episode and 

we find William McDonough, then President of the Federal Reserve Bank of New 

York saying: “From about the first of February until the beginning of August 

[1998], there was a period in which financial markets essentially decided that risk 

didn’t exist anywhere,” but then Russia defaulted in August 1998 and McDonough 

continues: “All these people who in the previous seven months had decided there 

was no risk anywhere literally panicked and decided there’s got to be massive risk 

everywhere. Behind each fence and barnyard wall there must be a risk that we 

hadn’t thought of, you know, like the redcoats retreating from Lexington” (Yergin 

and Cran 2003). One could hardly ask for a clearer account of contagion conceived 

as a “wake-up call” exemplified by rapidly shifting investor perceptions. 

 Thus, the contagion was clearly evident to these policy makers faced with 

responding to the Asian financial crisis, as it was to the new set of policy makers 

forced to deal with the financial crisis of 2007–2009. However, economists tend to 

believe that actual contagion should be discernible in economic data.We have 

already discussed the main tool that economists use—the examination of changing 

correlations among asset return behaviors, sometimes adjusting those correlations 

by using sophisticated econometric techniques. Yet one must wonder if the 

economists’ toolkit is adequate to the challenge of identifying contagion. First, 

contagion is often examined against the background of larger crises, a context that 

may make the identification of contagion particularly difficult. Further, there seem 

to be many avenues for the spread of financial difficulty. Although some, like 

direct trade and financial links, may be fairly easy to trace, a sudden widespread 

shift in investor perceptions may be virtually instantaneous and leave few traces in 

the historical data. For example, there can be little doubt that Goldman Sachs and 

Morgan Stanley terminated their existence as investment banks as a direct result of 

the financial difficulties that took Lehman Brothers to oblivion and induced Merrill 

Lynch to throw itself into the arms of Bank of America. Yet those events were 
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separated by barely a week, hardly enough time to create an economic record that 

would statistically show the contagion that economists labor to discern. 

1.4. EMPIRICAL STUDIES OF FINANCIAL CONTAGION 

 

Thus, economic literature provides heterogeneous views on financial 

contagion and its transmission channels and it is therefore understandable that the 

results of empirical studies vary significantly depending on several factors. The 

drawing of some final conclusions on financial contagion based on empirical 

evidence is therefore undermined. We investigated around 75 empirical analyses of 

financial contagion (see also appendix) in one of our earlier papers and found that 

there are almost no pairs of studies that are identical in their definitions of financial 

contagion, testing methodology, chosen crises, financial markets and destination 

countries, but all of these aspects may influence the results of empirical studies. 

Even in the most widely used approach of focusing on co-movements in asset 

prices, there are substantial differences caused by whether correlations are adjusted 

for the presence of heteroscedasticity or not. In addition, the problems of omitted 

variables, feedback dependencies between stock markets, different time zones, and 

arbitrary choices of the crisis window can all affect tests of contagion (see also 

Billio and Pellizon (2003) and Dungey and Zhumabekova (2001) for an informed 

study on the subject).  

The results of the analysis confirm the opinion that empirical studies 

mainly provide heterogeneous results depending on applied definitions and 

methods and chosen crises, destination countries and financial indices. Evidence 

both confirming and denying thepresence of financial contagion has been widely 

found in recent empirical analyses and there is no clearly dominant finding. 

Naively counting numbers examining several aspects of contagion, we can 

conclude that evidence for contagion during financial crises has been found more 

often than not. On the other hand, this result is mostly obtained when the presence 
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of heteroscedasticity is not taken into account; the papers that control for 

heteroscedasticity find evidence for financial contagion far less often. Therefore we 

are aware that in Andres 12 Kuusk, Tiiu Paas many cases the results of empirical 

analyses may be biased and serious additional investments into examining possible 

consequences of financial crises are still necessary.  

We conclude that qualitative analysis of published research materials 

about previous financial crises does not give sufficient information to elaborate 

proper measures to permit prevention of serious consequences of financial crises, 

and propose that it is possible to obtain a better picture of financial contagion by 

using a meta-analysis. 

 

1.5. FINANCIAL CONTAGION IN CASE OF CEE TRANSITION 

ECONOMIES 

 

The literature investigating financial contagion in the case of transition 

economies is rather vague focusing mainly on three CEE economies (Hungary, 

Poland and the Czech Republic). Wang and Moore (2008) investigate the co-

movement of these three major CEE emerging markets with the aggregate euro 

zone market by using the DCC technique2 and find significant dynamic 

correlations for these markets with the euro zone market during the financial crises 

and a higher level of linkage in the aftermath of crises. Their findings include the 

fact that the increase in stock market co-movements cannot be explained by the 

macroeconomic convergence process, nor by monetary convergence with the euro 

zone, thus they find evidence in favour of financial contagion. 

Gelos and Sahay (2001) find that correlations in exchange market 

pressures can be explained by direct trade linkages, but not by measures of other 

fundamentals. They find no contagion from the Czech Republic and Asia to CEE 

stock markets but shocks to the Russian stock market Granger-caused movements 
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in the Czech, Hungarian and Polish stock markets – clear evidence for the presence 

of spillover channels other than standard macroeconomic 

linkages, that is, contagion. The DCC measures the contemporaneous conditional 

correlation between the two series and has been used to provide an indirect 

measure of the degree of integration between the stock market in the eurozone and 

the new EU countries. Weller and Morzuch (2000) argue that both historically as 

well as during the recent global financial turmoil, default risk has been lower in 

CEE countries than in other emerging economies. Serwa (2005) use the extension 

of the models presented by Forbes and Rigobon (2002) and Corsetti, Pericoli, and 

Sbracia (2005) to investigate seven crises in a sample of some CEE and Western 

European countries and found that contagion occurred at best infrequently during 

the investigated crises. Jokipii and Lucey (2006) investigate the co-movements in 

the banking sector in Poland, Hungary and the Czech Republic over about 10 years. 

They find that contagion seemed to move from the Czech Republic to Hungary. 

In summary, recent studies that focus on financial contagion issues in the 

CEE countries have found evidence both for and against financial contagion. The 

limited number of these studies makes it difficult to draw any definitive 

conclusions from a qualitative literature review. 
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CHAPTER 1  
 

THE CURRENT ECONOMIC CRISES AND FINANCIAL CONTAGION 
 

Financial contagion has become an increasingly popular research topic 

recently. Several crises in 1980’s, 1990’s and in the present century have spread 

rapidly to other countries that were sometimes quite different in size and economic 

structure and even hemisphere than the country of origin. Economics researchers 

have borrowed an expression from epidemiology to describe this phenomenon as 

financial contagion. According to Rigobon (2002) the issue of contagion has been 

one of the most debated topics in international finance since the Asian crises. The 

events of the last year that have involved yet another financial crisis’ ‘snowball’ 

rolling around the world, show that developing an understanding of financial 

contagion would clearly be beneficial for policy makers hoping to manage and 

avoid future spreads of crises. 
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 One of the main interests of contagion studies is connected to the merits 

of international diversification of risks. The rationale being that international 

diversification should theoretically significantly reduce the portfolio risk, but when 

cross-country correlations increase during crises, much of the rationale is 

undermined. Questions about appropriate financial architecture and investment 

opportunities and risks to local markets can also be answered by studies of 

financial contagion. The phenomenon of contagion is by no means merely historic. 

As argued by Didier, Mauro and Schmukler (2008) the factors underlying the 

channels that generated contagion during the crises of the 1990s seem to be 

potentially at least as strong today as a decade ago. The case of transition countries 

in Central and Eastern Europe (CEE) is particularly interesting in view of their 

entry into the third stage of European Economic and Monetary Union.  

The Maastricht criteria require that candidate countries should not have 

devalued their currency in the two years before adoption of the euro and should 

also have avoided sharp movements of some other financial variables like inflation 

and long-term interest rates. In the context of financial turmoil these criteria are not 

likely to be met. This paper examines the question of whether recent frequent 

instabilities in transition countries’ stock markets and exchange rates have been 

rather due to financial contagion or poor policies and fundamentals. It also 

investigates whether transition economies in CEE have been more or less 

susceptible to the financial contagion than the developed and other developing 

countries. 

This chapter adopts meta-analysis as its methodology, and as far as the 

authors are aware. No meta-analysis on the subject of financial contagion has been 

conducted before. It is hoped that the metaanalysis will provide answers to the 

questions above and some new insights into the financial contagion puzzle. The 

chapter consists of three sections. In the next section alternative definitions, 

channels spreading contagion, testing methodologies and recent empirical results 

are discussed. In the third section, a quantitative analysis of empirical findings 

using meta-analytic tools is conducted and finally, the paper’s brief conclusions are 

presented. 

 

1.THEORETICAL CONSIDERATIONS AND EMPIRICAL EVIDENCE OF 
FINANCIAL CONTAGION 

 
1.1 Alternative definitions of financial contagion 
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In spite of significant theoretical and empirical interest in the topic there is 

still no consensus on either the definition or the transmission channels of financial 

contagion. Economic literature offers conceptually different definitions of financial 

contagion. Using the Contagion of Financial Crises Website summary (The World 

Bank Group 2001), we can distinguish at least three different definitions of 

financial contagion: 

1) Definition 1. Contagion is the cross-country transmission of shocks or 

the general cross-country spillover effects which have been emphasized during the 

time of a crisis. Contagion 

can be observed through co-movements of different financial indices in different 

countries or rising probabilities of default if the crisis occurs elsewhere. Unlike 

other definitions, this one includes fundamental linkages as a channel of contagion. 

2) Definition 2. Contagion is the transmission of shocks to other countries 

or the cross-country correlation, beyond any fundamental link shared by the 

countries and beyond common shocks. For example Masson (2004) defines 

contagion as meaning only those transmissions of crises that cannot be identified 

with observed changes in macroeconomic fundamentals. Using an alternate testing 

methodology, Eichengreen et al (1996) argue that there is contagion if the 

probability of a crisis in a given country increases conditionally on the occurrence 

of a crisis elsewhere, after controlling for the standard set of macroeconomic 

fundamentals. This definition is sometimes referred as excess co-movement – a 

correlation that remains even after controlling for fundamentals and common 

shocks. Herding behaviour is usually said to be responsible for comovement 

beyond that expected. Fundamental linkages are distinguished from contagion in 

most of the literature. 

3) Definition 3. Contagion occurs when cross-country correlations increase 

during "crisis times" relative to correlations during "tranquil times." Alternatively, 

as Forbes and Rigobon (1999) put it: contagion is a significant increase in cross-

market linkages after a shock. This definition is sometimes referred as shift-

contagion. Forbes and Rigobon (1999) stress that this notion of contagion excludes 

a constant high degree of comovement in a crisis period. In this case, markets are 

just interdependent. In addition to the abovementioned approaches to explain 

financial contagion, we can also rely on some other and even more extreme 

definitions of this phenomenon. For example according to Sola et al (2002) there is 

contagion if the probability of having a crisis at home is equal to one if the crisis 
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hits another market; on the other hand Bae et al (2003) consider coincidence of 

extreme return shocks across countries as evidence for contagion. 

 

1.2 Transmission channels 
 

The understanding of the financial contagion phenomenon is closely 

related to its transmission channels. However, authors of papers on financial crises 

have not yet achieved consensus on the channels through which contagion spreads. 

Several trade issues, the macro environment, the common lender, market 

psychology amongst others, have been considered as determinants of the degree of 

contagion. The different opinions are well summarized by The World Bank Group 

(2001): ”Some claim that contagion is explained by real links, while others provide 

a financial explanation. At the same time, other studies argue that herding behavior 

is the key element to understand the recent contagious episodes.  

Although one can show that these factors are present in the cross-country 

transmission of crises, an even more difficult problem is to determine the relative 

importance of each component.” This summary accords with the statement by 

Dornbusch et al (2000): “not only the exact causes and channels of contagion are 

not known, neither are the precise policy interventions which can most effectively 

reduce it”. In the last decade a distinction has been made between contagion and 

interdependence according to the transmission channels of each (see also Rigobon 

1999 and Kleimeier et al 2008). If crises are transmitted through stable 

fundamental linkages, then only countries with weak economic fundamentals will 

be affected and good fundamentals can offer protection. On the other hand, if 

irrational behaviour by the agents (in the form of speculative attacks, financial 

panic and/or herd behaviour) is the transmission force, then even countries with 

good fundamentals can be seriously contagion between countries, while in the latter 

case we have true contagion. Considering this distinction the first definition 

presented above may be only of interdependence and not contagion. 

In summary, it is possible to distinguish at least three fundamental links 

that explain transmission channels (see also The World Bank Group 2001). These 

links are: 1) financial; 2) real; 3) political. There are financial links between 

countries when those countries are connected through international financial 

system. Two examples are given by The World Bank Group (2001). Firstly, 

financial links can be distinguished when leveraged institutions face margin calls. 

When the value of their collateral falls, due to a negative shock in one country, 



95 

 

leveraged companies need to increase their reserves. Therefore, they sell part of 

their valuable holdings in the countries that are still unaffected by the initial shock. 

This mechanism propagates the shock to other economies. Secondly, financial links 

can be distinguished if open-end mutual funds foresee future redemptions after 

there is a shock in one country. Mutual funds need to raise cash and, consequently, 

they sell assets in third countries. According to Didier, Mauro and Schmukler 

(2008) financial links appear to have been the main transmission channel of the 

Mexican 1994 crisis. Also Baig and Goldfajn (1999), Caramazza et al (2004), 

Kaminsky and Reinhart (2000) and Van Rijckeghem and Weder (2001) have 

argued that financial links formed the main channel of transmission of shocks 

across countries during the 1990s. (For those models see Calvo 2005, Calvo and 

Mendoza 2000 and Kaminsky and Reinhart 2000). 

Fundamental economic relationships between countries are labelled real 

links. The most commonly considered economic relationships are when countries 

are connected through international trade. An example given by The World Bank 

Group (2001) says that when two countries trade among themselves or if they 

compete in the same foreign markets, a devaluation of the exchange rate in one 

country deteriorates the other country's competitive advantage. As a consequence, 

both countries will likely end up devaluing their currencies to re-balance their 

external sectors. Eichengreen and Rose (1999), Forbes (2001) and (2004) and Glick 

and Rose (1999) investigated the 1992–1993 European Exchange Rate Mechanism 

(ERM) crisis, the 1994 Mexican crisis, the 1997 Asian crisis, and the 1999 

Brazilian crisis and have argued that trade links are the primary channel through 

which crises were transmitted to other countries. On the other hand Didier, Mauro, 

Schmukler (2008) argue that although the trade channel seems to have played a 

role, to different degrees, in the crises of the 1990s, it does not explain the 

contagion observed in the context of the 1998 Russian crisis, where trade links, 

either bilateral trade or third party competition, among the affected countries were 

quite limited. Thus, the experience of the Russian crisis suggests that trade is 

unlikely to be the only channel of contagion and also other channels are necessary 

to account for the evidence. (For models of contagion based on trade linkage and 

macroeconomic similarities see Eichengreen et al 1996, Goldstein 1998 and 

Gerlach and Smets 1995). 

Political links describes the situation when there are political relationships 

between countries. Usually that means that countries’ exchange rates are closely 

tied. The World Bank Group (2001) gives the following example based on a 
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country belonging to an association or "club of countries," with an exchange rate 

arrangement – then the political cost of devaluing is much lower when other 

countries have devalued. Therefore, crises tend to be clustered. A crisis in one 

country is followed by crises elsewhere. Hernandez and Valdez (2001) investigate 

the relative importance of alternative fundamental links during the Thai, Russian, 

and Brazilian crises. Results differ according to whether the dept of a crisis is 

measured by changes in sovereign bond spreads or by stock market returns. In the 

former case, financial links seem to be the clearly dominant transmission channel. 

In the latter case both trade links and neighbourhood effects appear to be relevant 

contagion channels during the Thai and Brazilian crises, while financial 

competition remains the only relevant channel in the case of the Russian crisis.  

Many authors have found that fundamental links (and common shocks) do 

not fully explain the relationship and changes in relationships among countries. 

That being the case, herding behaviour is suggested as a reason for spillover effects 

between countries. Herding behaviour arises when information about countries’ 

fundamentals is incomplete and asymmetric, there are no serious restrictions for 

investors choosing their moves and information is too costly for the less informed 

investors. So instead of making expenses for getting information these rather 

uninformed investors are watching the action of others, supposedly well informed, 

investors and then trying to follow them as they think these actions reflect the 

future price changes. It follows that the whole market moves jointly. In reality, 

those supposedly wellinformed investors may not be acting based on their 

information about countries’ fundamentals, but just adjusting their portfolios after 

being damaged by a crisis elsewhere. In the circumstances of that kind of herd 

behaviour and the world of multiple equilibria, even countries with sound 

fundamentals are not protected. According to Alvarez-Plata and Schrooten (2003) 

the pull effect caused by investors all behaving in the same way makes economic 

fundamentals unimportant and leads to the rapid withdrawal of capital from the 

economies concerned, and possibly even from entire regions. Claessens et al 

(2001) argue that as spreads are directly reflecting the risk perception of financial 

markets, pure contagion may be solely the result of the behaviour of investors or 

other financial agents. 

Support for the idea of the transmission of crises based on herd 

behaviour has been found by many authors. Eichengreen, Rose and Wyplosz 

(1996) highlight that the countries that came under speculative attack during the 

ERM crisis had heterogeneous macroeconomic fundamentals, and only in some 
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cases could the attack be justified by the fundamentals. Pindyck and Rotemberg 

(1990 and 1993) find that after taking into account common fundamentals there is 

still residual co-movement across stocks with very different industry and 

idiosyncratic fundamentals. These results point to the important role played during 

the crisis by investors and speculators behaving irrationally. Also Moussalli (2007), 

Alvarez-Plata and Schrooten (2003) and Woo (2000) have argued that herding is 

the main channel for spillover effects between countries Somewhat ironically, at a 

private level, it might be rational to follow the herd for the same reason that 

information is too costly for the individual investor, so looking at the market 

reaction or to opt for general investment strategies may be the rational solution. 

However, as seen from the previous, at a public level, contagion can be 

very costly. In addition, and even more alarmingly, asymmetric information seems 

not to be an absolutely necessary condition for multiple equilibria to occur. Jeanne 

and Masson (2000) have pointed out, that there can be multiple equilibria even 

with complete and symmetric information - if investors are sufficiently forward-

looking. 

 

1.3 Empirical studies of financial contagion 
 

Thus, economic literature provides heterogeneous views on financial 

contagion and its transmission channels and it is therefore understandable that the 

results of empirical studies vary significantly depending on several factors. The 

drawing of some final conclusions on financial contagion based on empirical 

evidence is therefore undermined. We investigated around 75 empirical analyses of 

financial contagion (see also appendix) in one of our earlier papers and found that 

there are almost no pairs of studies that are identical in their definitions of financial 

contagion, testing methodology, chosen crises, financial markets and destination 

countries, but all of these aspects may influence the results of empirical studies. 

Even in the most widely used approach of focusing on co-movements in asset 

prices, there are substantial differences caused by whether correlations are adjusted 

for the presence of heteroscedasticity or not. In addition, the problems of omitted 

variables, feedback dependencies between stock markets, different time zones, and 

arbitrary choices of the crisis window can all affect tests of contagion (see also 

Billio and Pellizon (2003) and Dungey and Zhumabekova (2001) for an informed 

study on the subject).  The results of the analysis confirm the opinion that empirical 

studies mainly provide heterogeneous results depending on applied definitions and 

methods and chosen crises, destination countries and financial indices. 
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Evidence both confirming and denying the presence of financial contagion 

has been widely found in recent empirical analyses and there is no clearly dominant 

finding. Naively counting numbers examining several aspects of contagion, we can 

conclude that evidence for contagion during financial crises has been found more 

often than not. On the other hand, this result is mostly obtained when the presence 

of heteroscedasticity is not taken into account; the papers that control for 

heteroscedasticity find evidence for financial contagion far less often. Therefore we 

are aware that in many cases the results of empirical analyses may be biased and 

serious additional investments into examining possible consequences of financial 

crises are still necessary. We conclude that qualitative analysis of published 

research materials (see appendix) about previous financial crises does not give 

sufficient information to elaborate proper measures to permit prevention of serious 

consequences of financial crises, and propose that it is possible to obtain a better 

picture of financial contagion by using a meta-analysis. 

 

 
1.4 Financial contagion in case of CEE transition economies 
 

The literature investigating financial contagion in the case of transition 

economies is rather vague focusing mainly on three CEE economies (Hungary, 

Poland and the Czech Republic). Wang and Moore (2008) investigate the co-

movement of these three major CEE emerging markets with the aggregate euro 

zone market by using the DCC technique2 and find significant dynamic 

correlations for these markets with the euro zone market during the financial crises 

and a higher level of linkage in the aftermath of crises. Their findings include the 

fact that the increase in stock market co-movements cannot be explained by the 

macroeconomic convergence process, nor by monetary convergence with the euro 

zone, thus they find evidence in favour of financial contagion. 

Gelos and Sahay (2001) find that correlations in exchange market 

pressures can be explained by direct trade linkages, but not by measures of other 

fundamentals. They find no contagion from the Czech Republic and Asia to CEE 

stock markets but shocks to the Russian stock market Granger-caused movements 

in the Czech, Hungarian and Polish stock markets – clear evidence for the presence 

of spillover channels other than standard macroeconomic linkages, that is, 

contagion. Weller and Morzuch (2000) argue that both historically as well as 

during the recent global financial turmoil, default risk has been lower in CEE 

countries than in other emerging economies. Serwa (2005) use the extension of the 
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models presented by Forbes and Rigobon (2002) and Corsetti, Pericoli, and Sbracia 

(2005) to investigate seven crises in a sample of some CEE and Western European 

countries and found that contagion occurred at best infrequently during the 

investigated crises. Jokipii and Lucey (2006) investigate the co-movements in the 

banking sector in Poland, Hungary and the Czech Republic over about 10 years. 

They find that contagion seemed to move from the Czech Republic to Hungary. 

In summary, recent studies that focus on financial contagion issues in the 

CEE countries have found evidence both for and against financial contagion. The 

limited number of these studies makes it difficult to draw any definitive 

conclusions from a qualitative literature review. 

 

 

2. META-ANALYSIS OF FINANCIAL CONTAGION 
 
2.1The main features of meta-analysis 
 

Meta-analysis is a research method to synthesize previously obtained 

empirical research results. The purpose of meta-analysis is reviewing and 

quantitatively summarizing the literature using statistical approach (de Dominicis 

et al 2006). There are different approaches and methodologies used in what may be 

termed metaanalysis, and there is as yet no unequivocal definition of metaanalysis. 

The term meta-analysis was first coined by Gene Glass in 1976, although 

some procedures later known as meta-analytic (for example the concept of effect 

size) were already present in Karl Pearson’s study in 1904. In Glass’s definition 

“Meta-analysis refers to the statistical analysis of a large collection of results from 

individual studies for the purpose of integrating the findings. It connotes a rigorous 

alternative to the casual, narrative discussions of research studies which typify our 

attempt to make sense of the rapidly expanding research literature” (Glass 1976). 

For Schultze (2004), meta-analysis is a method for systematic literature reviews on 

a certain substantive question of interest, more specifically in his words: “meta-

analysis is a systematic process of quantitatively combining empirical reports to 

arrive at a summary and an evaluation of research findings”. Basu (2003) defines 

meta-analysis as “the synthesis of available literature about a topic. Ideally, 

synthesis of randomized trials to arrive at a single summary estimate is used”. In 

James Neill’s (2006) version “Meta-analysis is a statistical technique for 

amalgamating, summarizing, and reviewing previous quantitative research”. The 
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simplest definition we have seen was given by Hunter and Schmidt (1990) who 

defined meta-analysis as the “analysis of analyses”. 

In abstract term, meta-analysis combines the results of several studies that 

address a set of related research hypotheses. Usually this is done by identification 

of a common measure. This common measure is called effect size. Individual effect 

sizes are aggregated 

and after study characteristics are controlled, the resulting overall results can be 

considered meta-effect sizes. The many advantages meta-analysis has over the 

traditionalliterature review have been pointed out, of which the most important are: 

Quantitative estimation and statistical testing of overall effect sizes 

• Generalization to the population of studies 

• Finding moderator variables to explain heterogeneity in distribution 

 

2.2 Data 
 

To find very recent appropriate studies for meta-analysis we used the ISI 

Web of Knowledge database and additionally the Contagion of Financial Crisis 

Website by The World Bank Group for somewhat older ones. From the ISI Web of 

Knowledgedatabase the studies including the keywords financial contagion are 

used. We define financial contagion as the increase in crosscountry correlations 

during "crisis times" relative to correlations during "tranquil times." Thus we 

follow the most common definition sometimes called shift-contagion that was first 

proposed by Forbes and Rigobon (1999) who stated that contagion is a significant 

increase in cross-market linkages after a shock. 

 This notion of contagion excludes a constant high degree of comovement 

in a crisis period, in which case markets are merely interdependent. Therefore only 

the studies that report both pre- and post-crisis asset prices correlations (or their 

difference) between countries are included in the sample. Because of these 

restrictions we are left with 716 effect sizes in our dataset (394 of which are 

independent) from 30 constructs (17 independent). If both shortand long-term post-

crisis correlations are reported we use the short-term data, as we cannot use both 

because of the independency problems (about independency problems see further). 

 

2.3 The steps to implementation of the meta-analysis 
 

Our analysis can be divided into five parts which include: 
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1) calculating relevant individual effect sizes and controlling for their 

independency 

2) compute the effect size weighted mean for which special weights have to be 

calculated 

3) determine the confidence interval and statistical significance of the effect size 

weighted mean 

4) homogeneity testing 

5) conclusions and interpretations. 

Conducting the first step relies on finding appropriate individual effect 

sizes. Different effect size statistics are worked out to code the different forms of 

the quantitative study findings. The various effect size statistics are based on the 

concept of standardization. The effect size statistic produces a statistical 

standardization of the study findings, such that the resulting numerical values are 

interpretable in a consistent fashion across all the variables and measures involved.  

Therefore, we have to define an effect size statistic capable of representing 

the quantitative findings of financial contagion studies in a standardized form that 

permits meaningful numerical comparison and analysis across the studies. (see 

Lipsey and Wilson 2001). It is found that good effect size statistics consider both 

the magnitude and the direction of a relationship, not merely its statistical 

significance. In addition, they are defined so that there is relatively little 

confounding with other issues, such as sample size (Lipsey and Wilson 2001). 

A single research finding in the field of financial contagion is a statistical 

representation of one empirical relationship between the pre- and post-crisis 

correlation of asset prices. A purpose of the meta-analysis is to aggregate all these 

individual findings into one meta-effect size. The literature provides no rules for 

which are the correct effect sizes for changes in correlation coefficients. For one 

thing, it is not obvious whether we should handle the data as prepost contrasts or as 

an association between variables. On the one hand, we have correlation coefficients 

and even if we are not interested in themselves, but their changes across two points 

in time, it is not quite clear why these two approaches differ so much (in terms of 

the properties of effect sizes) that we could not use the same computational 

procedures. So, why not just take the effect sizes as correlations and live with that? 

On the other hand, we have data points for both before and after crises (which we 

can take as treatment) and we are interested in difference between them, the gain to 

be precise. Classical pre-post contrasts situation, is not it? 
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Whichever of these two approaches we choose, it seems that the real 

difference comes into play while calculating the (weighted) mean effect sizes (step 

2) and their variances. When calculating individual effect sizes it seems irrelevant. 

The difference between post- and pre-crisis correlations is by far the most logical 

individual effect size for a given study (construct). Mathematically, our individual 

effect sizes are computed as: 

 

 

 is the individual effect size for study (construct) i and 

 are pre- and post-crisis correlations respectively for study 

(construct) i. 

 

In dealing with our effect sizes as correlations we modify the effect sizes 

somewhat, because of the problematic standard error formulation (these problems 

are discussed in more depth by Rosenthal 1994). The widely accepted method for 

doing that is by transforming the correlations using Fischer’s Zr-transformation 

(see Hedges and Olkin 1985): 

 

 
where r is the correlation coefficient. The necessity for calculating standard errors 

(and therefore need for Fischer’s Zr-transformation) comes into play when 

calculating weighted mean effect sizes (see further (step 2 and 3)). 

Note that not all authors agree on the necessity of Fischer’s 

Zrtransformation for correlation coefficients as effect sizes. For example Hunter 

and Schmidt (1990) argue that the transformation gives results that are upward 

biased and standard correlations are more precise. However, some other authors 

claim that standard correlation effect sizes are downward biased and it is not clear 

which bias is greater and the main problem with standard correlations, that is 

problematic computation of standard errors and weights, remains. Later to interpret 

the results we transform them back into the standard correlation form using the 

inverse of the Zr transformation (Hedges and Olkin 1985): 
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Moving forward to step 2 we need to aggregate all individual effect sizes 

into one meta-effect size. Therefore, we have to derive an overall value from the 

meta-sample by pooling all the estimates and deriving an overall summary statistic. 

We use the traditional approach of meta-analysis assuming that the best estimate 

for the population effect size is the weighted average of the individual effect sizes. 

We use standard statistical software SPSS and some macros written by 

David Wilson, that are available via his home page for computational and statistical 

purposes. After calculating the individual effect sizes their weights have to be 

determined so that an overall value can be found. Hedges (Hedges 1982; Hedges 

and Olkin 1985) has demonstrated, that the optimal weights are based on the 

standard error of the effect size. 

Because a larger standard error corresponds to a less precise effect size 

value, the actual weights are computed as the inverse of the squared standard error 

value - called the inverse variance weight in meta-analysis. For the mean 

differences (gains) and correlation coefficients that are used in the present analysis, 

the standard error formulation has been worked out. We use those standard error 

based inverse variance weights for calculating correlation coefficients based effect 

size mean. The standard error formula for correlation based (after Fischer’s z 

transformation (see earlier)) effect size mean is the following: 

 

 
and inverse variance weights therefore: 

 
where n is the sample size of the individual effect size in both formulas. 

However we do not have the data necessary to calculate the effect size 

mean when treating individual effect sizes as treatment effects. More precisely, we 

lack information on the correlations between pre- and post-treatment asset prices in 

individual studies. Therefore the sample size is used as the weights instead.  

The formula for calculating the weighted mean effect size is the following: 
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where di is the i-th individual effect size and i w is weight (inverse variance weight 

in case of correlation coefficients and sample size for treatment effects) of the i-th 

effect size. 

The next step raises the question of the homogeneity of the effect size 

distribution. In other words, whether the various effect sizes that are averaged into 

a mean value all estimate the same population effect (see Hedges 1982, Rosenthal 

and Rubin 1982). In a homogeneous distribution, the dispersion of the effect sizes 

around their mean is no greater than that expected from sampling error alone (the 

sampling error associated with the subject samples upon which the individual effect 

sizes are based). In other words, in a homogeneous distribution an individual effect 

size differs from the population mean only by sampling error. A statistical test that 

rejects the null hypothesis of homogeneity indicates that the variability of the effect 

sizes is larger than would be expected from sampling error and, therefore, each 

effect size does not estimate a common population mean. In other words, there are 

differences among the effect sizes that have some source other than subjectlevel 

sampling error, perhaps differences associated with different study characteristics. 

The homogeneity test is based on the Q statistic, which is distributed as a chi-

square with k −1 degrees of freedom where k is the number of effect sizes (Hedges 

and Olkin 1985). The formula for Q is: 

 

 
 

where ESi is the individual effect size for i = 1 to k (the number of effect sizes), ES 

is the weighted mean effect size over the k effect sizes, and i w is the individual 

weight for i ES . If Q exceeds the critical value for a chi-square with k −1 degrees 

of freedom, then the null hypothesis of homogeneity is rejected. A statistically 

significant Q, therefore, indicates a heterogeneous distribution. 

An alternative approach to homogeneity testing, known as the 75% rule, is 

provided by Hunter and Schmidt (1990). It involves partitioning the observed 

effect size variability into two components - the portion attributable to subject-level 

sampling error and the portion attributable to other between-study differences. 
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According to their rule of thumb, the distribution is homogeneous if sampling error 

accounts for 75% or more of the observed variability. 

 

2.4  Results and discussion 
 

2.4.1 The results of the analysis based on the whole sample 
 

As a preliminary analysis we use all 716 effect sizes in the sample as 

independent data points. This approach is admittedly somewhat dubious because 

there are some effect sizes within the studies that differ only by the methods of 

measurement chosen, and therefore the independency assumption between different 

data points is violated. Later on we deal with that problem by choosing the 

appropriate weights to avoid overestimating the results of those duplicate effect 

sizes within the studies. 

Using the abovementioned formulas (1)-(6) we arrive at an estimate of the 

population effect size of 0.054 when we treat the individual effect sizes as 

treatment effects (here Approach 1) and 0.065 when we treat the individual effect 

sizes as correlation coefficients (here Approach 2). Thus on average the asset prices 

correlations have indeed increased during the turbulent periods but to a quite 

moderate extent. The standard errors are 0.0035 and 0.0036 respectively and the 

95% confidence intervals well above zero in both cases. By calculating the Q 

statistic using the abovementioned formula (7) we arrive at a of 3680.5 which is 

clearly over the critical value of 778 (degrees of freedom = sample size – 1; 

probability (p-value) = 0.05).  

Therefore, the dispersion of the effect sizes around their mean is greater 

than that expected from a sampling error alone and therefore each effect size does 

not estimate a common population mean. As stated above, we have some 

independence problems in the data. There are cases for multiple effect sizes within 

the same studies. That negates the independence assumption and overestimates the 

weights of the studies with multiple effect sizes. The traditional way to deal with 

the situation is to choose only one effect size per study per construct. However, this 

approach does not use some information contained in the primary studies and we 

definitely do not want to lose the information on different correlation measurement 

methodologies as possible moderators. It is well known that correlation coefficients 

adjusted for heteroscedasticity are lower than unadjusted ones and therefore the 

contagion seems to be more likely to occur in case of unadjusted correlation 

coefficients. Therefore, rather than dropping some of the data points, we diminish 
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the weights of studies with multiple effect sizes per construct by dividing the 

sample size by the number of effect sizes per construct. (For discussion on multiple 

measurements within studies see also Rosenthal 1994). 

Using this slightly modified sample (results are given in Table 1 below) 

we find the weighted average effect size to be 0.053 in approach 1 and 0.072 in 

approach 2 with standard errors of 0.0047 and 0.0049 respectively. With 95%-

confidence intervals easily above zero, we can conclude that asset prices’ 

correlations have increased during turbulent periods. 

 

 
 

However, testing for homogeneity and calculating Q-statistics for  that 

purpose reveals that the distribution is heterogeneous and therefore the individual 

effect sizes may not estimate the same population effect. Therefore we continue by 

searching for moderators to explain the variability in effect sizes. As mentioned 
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above, the correlation coefficients’ calculating methodology is widely accepted as a 

significant explanatory variable for financial contagion.  

The logic being that when not adjusted for heteroscedasticity, the post-

crisis correlations are higher and therefore finding evidence for contagion is more 

probable. To control the correlation coefficients measurement as a potential 

moderator, we divide our sample into two parts that distinguish heteroscedasticity 

adjusted (A) and unadjusted (U) correlation coefficients in turbulent periods. For 

the sample with unadjusted correlation coefficients, we find the weighted mean 

effect size to be 0.168 using approach 1 and 0.208 with approach 2. For the sample 

with heteroscedasticity adjusted correlation coefficients, the respective values are 

0.030 for both approaches 1 and 2. The difference is more than clear and we can 

conclude that whether correlation coefficients are heteroscedasticity adjusted or not 

significantly affects the results of financial contagion analyses. Dividing the overall 

Q into the within and between groups components, reveals that the between groups 

Q is highly significant, which also indicates that the differences in correlation 

measurement (heteroscedasticity adjusted or not) accounts for significant 

variability in effect sizes. 

Still, there is some heterogeneity left in the distribution. Therefore we also 

control for other possible moderator variables. The interest is in, for example, if 

different crises have been contagious to differing extents. For the Thai 1997 crisis, 

the treatment effects based (Approach 1) weighted mean effect size is 0.132 and 

0.173 if effect sizes are treated as correlation coefficients (Approach 2). 

For the Hong Kong 1997 crisis the same values are 0.100 and 0.098; for 

the Mexican 1994 crisis 0.141 and 0.160; for the Russian 1998 crisis -0.001 and 

0.006; for the Brazilian 1999 crisis -0.016 and -0.014 respectively. From these 

numbers it is clearly seen that the Mexican, the Thai and the Hong Kong crises 

were contagious while the Russian and the Brazilian crises were not. Among other 

crises, the US 1987 and the US 2002 crises were contagious; for the Argentine 

crisis 2001, the Turkish crisis 2001 and the Indian crisis 2004 the opposite is true – 

asset prices correlations decreased during turbulent periods; pre-World War II 

crises on average were not contagious, and nor were the Czech average asset prices 

correlations, albeit an insignificant one. 

Again the given crisis as a grouping variable accounts for significant 

variability in effect sizes, but there is still some heterogeneity left within groups. 

Using only data where correlation coefficients are adjusted for the presence of 

heteroscedasticity (not reported in Table 1 above, but available on request) does 
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little to change the results. The Mexican, Thai and the Hong Kong crises are still 

contagious, although the weighted mean effect sizes are somewhat smaller. In 

addition, the Russian and Brazilian crises are not contagious with weighted mean 

effect sizes that are slightly negative. The only change relates to the US 1987 crisis, 

which is no longer contagious in the 95% confidence interval. However, with the 

weighted mean effect size clearly above zero (0.17) and only slightly below the 

unadjusted (U) case, the reason seems to be mainly due to small sample size. 

We also investigate whether the level of development of the destination 

country makes it more or less susceptible to the spread of the crisis. The need for 

that differentiation is suggested for example by Hartmann et al (2001) who find 

only very weak evidence of contagion on the sample of G5 countries and 

speculated that it may be different for emerging economies. We use Human 

Development Index (HDI) 2008 values for grading countries as more or less 

developed. We nominate the first 30 countries in the HDI as developed and all 

other countries as developing. This produces quite comparable sample sizes for 

both groups with 372 and 344 respectively. For the sample of less developed 

countries, the weighted mean effect size is 0.054 according to Approach 1 (effect 

sizes as treatment effects) and 0.077 according to Approach 2 (effect sizes as 

correlations). For the sample of more developed countries the corresponding values 

are 0.052 and 0.051 respectively. So with Approach 1, there is no difference in 

susceptibility to the spread of crises between developed and developing countries, 

while according to Approach 2, less developed countries are somewhat more 

susceptible to the carryover of financial crises. The variability analysis reveals that 

the level of development of the destination country does not account for significant 

variability in effect sizes. From that we may judge that herding behaviour seems to 

be the more likely transmission force for financial crises than real and stable 

linkages. This finding is in line with that of Serwa (2005) who found that CEE 

stock markets are no more vulnerable to contagion than Western European markets. 

On the other hand the finding contradicts that of Dungey and Tambakis (2003) who 

argue that developing countries are more affected by contagion than developed 

countries. 

However, we also compare these two groups separately for adjusted (A) 

and unadjusted (U) cases (not reported in Table 1). The findings reveal that in the 

unadjusted cases, the less developed countries are indeed more susceptible to 

contagion of financial crises according to both approaches 1 and 2. Using 

Approach 1 the weighted mean effect sizes are 0.19 for developing and 0.12 for 
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developed countries with non-overlapping confidence intervals and in the case of 

Approach 2 the differences are even greater at: 0.24 and 0.12 respectively. In the 

adjusted cases, the associated numbers are 0.04 for developing and 0.02 for 

developed countries (according to both approaches 1 and 2) but the differences are 

not significant at the 95% confidence level. 

 

2.4.2 The results of the analysis in the case of the CEE countries 
 

Next we concentrate on the transition economies in CEE (see Table 2). 

We have 89 individual effect sizes of CEE transition economies in the sample, 

including eight crises and four countries: Czech Republic, Estonia, Hungary and 

Poland. The weighted mean effect size for these 89 individual effect sizes is 0.02 

according to both Approach 1 (effect sizes as treatment effects) and Approach 2 

(effect sizes as correlation coefficients) respectively. Recalling that corresponding 

effect sizes for the whole sample were 0.05 (Approach 1) and 0.07 (Approach 2) 

we see that, on average, asset prices correlations during crises have increased less 

between CEE transition countries and the countries of the origin of crises compared 

to the whole sample. In addition, the increases in the correlation coefficients for the 

transition economies in the CEE are not statistically significant. This finding is in 

line with Serwa and Bohl (2005) and Serwa (2005) who argue that there is no 

evidence of CEE being more prone to contagion as compared to western countries. 

If only heteroscedasticity adjusted correlation coefficients are included in the 

sample the weighted mean effect sizes for CEE transition economies are -0.05 and -

0.06 according to Approach 1 and 2 respectively, which shows that asset prices 

correlations have even decreased on average during times of crisis and therefore 

there are no signs of financial contagion. In addition, the value is lower than the 

corresponding number of the whole sample. 
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There is no straightforward explanation of why CEE transition economies 

are less prone to financial contagion than one might expect. We could refer to 

Weller and Morzuch (2003) and their claim that there seems to be less speculative 

financing and a smaller chance of asset market bubbles in CEE transition 

economies than in other developing countries. They also argue that “default and 

maturity risks are generally lower in CEECs than in other emerging economies 

during the recent global financial turmoil, interest rate and exchange risks are also 

less likely to materialize. Therefore, as long as there are no discernible problems in 

the financial or the real sector, international investors are less likely to withdraw 

their funds”. 

Comparing different financial crises, we see that on average the US 2002 

crisis (accounting scandals) has been the most harmful crisis for CEE transition 

countries with a weighted mean effect size of 0.30 according to Approach 1 and 

0.31 according to Approach 2 with both values statistically significant. Next come 
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the Russian crisis 1998 and the Czech crisis 1997 with meta-effect sizes above 0.05 

but statistically insignificant in 95% confidence intervals. 

Other crises seem not to have spread over to the transition economies in 

CEE. Compared to the average, CEE transition economies seem to have been 

affected more by the Russian 1998 and US 2002 crises, while the Hong Kong 1997 

crisis has had no impact on   overall. The finding is in line with Weller and 

Morzuch (2003) who argue that while the Asian financial crisis spread to Russia 

and Brazil, the transition economies in CEE were largely unaffected by it. If we 

only use heteroscedasticity-adjusted data (results not reported in Table 2) the US 

2002 crisis is the only contagious crisis in respect of the CEE transition economies. 

The only other crisis during which adjusted asset prices correlations have increased 

is the US 2001 crisis. In all other crises in the sample, asset prices correlations have 

remained the same or even decreased during the crisis. One interesting conclusion 

is that for some reason CEE transition economies are more affected by the 

contagion of crises occurring in the US than to those originating somewhere else 

(including even in Russia and Czech Republic). 

We cannot adequately explain this phenomenon and cannot rule out small 

sample size as the reason. Summing up the results of the section we can conclude 

that, on average, asset market correlations have increased during turbulent periods, 

which gives some support to the concept of financial contagion. Nevertheless, the 

increase is quite moderate, and after controlling for heterogeneity in turbulent 

periods’ correlations, it is even smaller (although still statistically significant at the 

95% confidence level). Both the correlations’ calculating methodology 

(heteroscedasticity adjusted or not) and the crisis under observation are significant 

moderators explaining heterogeneity in distribution. 

Among the most important financial crises in the past decade and a half 

the Mexican, the Thai and the Hong Kong crises were contagious while the 

Russian and the Brazilian crises were not. The level of development of the 

destination country overall does not account for the significant variability in effect 

sizes. That said, less developed countries are on average somewhat more 

susceptible to financial crises contagion than well-developed countries. The 

transition economies in CEE have been less than averagely susceptible to the 

spread of crises. 

 

3.  CONCLUSION 
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The ‘financial contagion’ puzzle has become one of the most newsworthy 

research tasks for economists during the last decades. This elevated level of 

attention has been caused by the rapid transmission of initial country-specific 

shocks to other economies, some of which were very different in size and structure 

to the country of origin. The crises spread across the world like snowballs 

becoming bigger and bigger and even countries with apparently sound 

fundamentals were not immune. The events of the last year with yet another 

‘snowball’ rolling around the world show that developing an understanding of the 

subject of financial contagion is clearly beneficial for policy makers hoping to 

manage crises and avoid their future spreads.  

Financial contagion is an extremely complex and multidimensional 

phenomena with no unequivocally accepted definition or testing methodology. The 

empirical results on the theme of financial contagion are mixed, and in our view, no 

unique conclusion can be drawn based on qualitative analysis of empirical 

literature. Thus, we propose that using a meta-analysis provides a more profound 

and adequate picture of financial contagion. 

The results of the meta-analysis indicate that on average asset market 

correlations have increased during turbulent periods, but the increase is rather 

moderate. The fact whether correlation coefficients are adjusted for the presence of 

heteroscedasticity or not is a clear moderator variable to explain heterogeneity in 

distribution. In the case of adjusted correlation coefficients, the increase in 

correlations during turbulent periods is considerably smaller. Still, we find some 

evidence of financial contagion even after the turbulent periods’ correlations are 

adjusted for the presence of heteroscedasticity. 

The results of the meta-analysis show that the crises originating inMexico 

1994, Thailand 1997 and Hong Kong 1997 were contagious while the Russian 

1998, the Brazilian 1999 and the Argentinean 2001 crises were not. The level of 

development of the destination country seems not to be a significant contributory 

factor to whether financial crises spread over or not. However, on average, less 

developed countries are somewhat more susceptible to financial crises contagion 

than the well-developed ones. 

The study has paid special attention to the transition economies in CEE. 

The case of these countries is particularly interesting in view of their aspirations to 

enter the third stage of European Economic and Monetary Union. The Maastricht 

criteria require that a candidate country should not have devalued its currency 

during the last two years and also should have avoided the occurrence of violent 
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movements in some other financial variables like inflation rate or long-term interest 

rate. In the case of financial turmoil these criteria are unlikely to be met. The 

results of the meta-analysis indicate that on average the transition economies in 

CEE are less susceptible to the financial contagion than the sample mean. 

 The meta-effect size for CEE transition countries is statistically 

insignificant and, after controlling for heteroscedasticity, is actually negative. The 

result is somewhat surprising given the earlier finding that developing countries are 

rather more than less more susceptible to financial crises than developed ones 

(although the difference is not statistically significant. The only crisis in the sample 

to have a significant impact on the CEE transition countries is the US 2002 

accounting scandals. Interestingly the US crises (2001 and 2002) spilled over to the 

CEE transition economies more than the Russian crisis 1998 or the Czech Republic 

crisis 1997 (or any other crisis). One of the main limitations of the paper is that our 

meta-analysis is restricted to correlation coefficients based analyses only. Studies 

using this methodology constitute the vast majority and it is no simple task to 

conduct the comparable individual effect sizes necessary for the meta-analytic 

approach from the studies using other methodologies. Nonetheless, this might be 

one of the subjects future research could focus on. 

 

 

REFERENCES 
 
1. Alvarez-Plata, P. and Schrooten, M. (2003). Latin America After the 

Argentine Crisis: Diminishing Financial Market Integration. – Economic Bulletin, 

40, Number 12 / December, 2003. Bae, K; Karolyi, A. and R. Stulz, R. (2003). A 

new approach to measuring financial contagion. - Review of Financial Studies, 16, 

pp. 717–763. 

2. Baig, T. and Goldfajn, I. (1999). Financial market contagion in the Asian 

crisis. - IMF Staff Papers, 46 (1999), pp. 167–195. Basu, A. (2003). How to 

conduct a meta-analysis. [http:// www.pitt.edu/~super1/lecture/lec1171]. 

3. Billio, M. and Pelizzon, L. (2003). Contagion and Interdependence in Stock 

Markets: Have they been misdiagnosed? - Journal of Economics and Business, 55, 

pp. 405–426. 

4. Calvo, G. A. (2005). Contagion in emerging markets: When wall street is a 

carrier. In: G. Calvo, Editor, Emerging capital markets in turmoil: Bad luck or bad 

policy?, MIT Press, Cambridge (2005), pp. 313–328. 



114 

 

5. Calvo, G. and Mendoza, E. (2000), Rational Contagion and the 

Globalization of Securities Markets. -Journal of International Economics, 51, No. 

1, June 2000, pp. 79-113. 

6. Caramazza, F.; Ricci, L.; Salgado, R.F. (2004) International financial 

contagion in currency crises. - Journal of International Money and Finance, 23, pp. 

51–70. 

7. Claessens, S.; Dornbusch, R. and Park, Y.C. (2001). Contagion: why crises 

spread and how this can be stopped. In: S. Claessens and K. Forbes, Editors, 

International Financial Contagion, Kluwer Academic Publishers, Boston, pp. 19–

42. 

8. Corsetti, G.; Pericoli, M. and Sbracia, M. (2005) Some contagion, some 

interdependence: more pitfalls in tests of financial contagion. - Journal of 

International Money and Finance, 8 (2005), pp. 1177–1199. 

9. De Dominicis, L; de Groot, H and Florax, R. 2006. Growth and inequality: 

a meta-analysis. [http://www.tinbergen.nl/discussionpapers/ 06064.pdf]. 

10.  Didier, T.; Mauro, P. and Schmukler, S. L. (2008). Vanishing financial 

contagion? – Journal of Policy Modeling, 30, Issue 5, September-October 2008, 

pp. 775–791. 

11. Dornbusch, R.; Park Y.C. and Claessens S. (2000) Contagion: 

Understanding how it spreads. - World Bank Research Observer, 15 (2000), pp. 

177–197. 

12. Dungey, M. and Dambakis, D. (2003). Financial contagion: What do we 

mean? What do we know? [http://www.g24.org/Dungey- Tambakis2003.pdf]. 

13. Dungey, M. and Zhumabekova, D. (2001). Testing for contagion using 

correlations: some words of caution. - Working Paper No. PB01-09, Pacific Basin 

Working Paper Series, Federal Reserve Bank of San Francisco. 

14. Eichengreen, B.; Rose A.K. and Wyplosz C. (1996). Contagious currency 

crises: First tests, The Scandinavian Journal of Economics, 98, pp. 463–484. 

15. Eichengreen, B.; Rose A. (1999). Contagious currency crises: Channels of 

conveyance. In: T. Ito and A. Krueger, Editors, Changes in exchange rates in 

rapidly developing countries: Theory, practice, and policy issues, University of 

Chicago Press, pp. 29–50. 

16. Forbes, K. (2001). Are trade links important determinants of country 

vulnerability to crises? NBER Working Paper, No. 8194. Cambridge, 

Massachusetts: National Bureau of Economic Research. 



115 

 

17. Forbes, K. (2004). The Asian flu and Russian virus: The international 

transmission of crises in firm-level data. – Journal of International Economics, 63 

(1), pp. 59–92. 

18. Forbes, K. and Rigobon, R. (1999). No Contagion, Only Interdependence: 

Measuring Stock Market Co-Movements. - National Bureau of Economic Research 

Working Paper No. 7267. 

19. Forbes, K. and Rigobon, R.K. (2002), Measuring contagion: Conceptual 

and empirical issues. In: S. Claessens and K. Forbes, Editors, International 

financial contagion, Kluwer Academic Publishers (2001), pp. 43–66. 

20. Gelos, R. G. and Sahay, R. (2001). Financial market spillovers in transition 

economies. - Economics of Transition, 9, pp. 53–86. 

21. Gerlach, S. and Smets, F. (1995), Contagious speculative attacks. - 

European Journal of Political Economy, 11, pp. 45–63. Glass, G. V. 1976. 

Primary, secondary and meta-analysis research. – Educational Researcher, 5, pp. 

3–8. 

22. Glick R. and Rose, A.K. (1999) Contagion and trade: Why are currency 

crises regional? - Journal of International Money and Finance, 18, pp. 603–617. 

23. Goldstein, M. (1998) The Asian financial crisis: Causes, cures, and 

systemic implications. - Policy analyses in international economics, 55, Institute 

for International Economics, Washington. 

24. Hartmann, P.; Straetmans, S. and de Vries, C.G. (2001). Asset Market 

Linkages in Crisis Periods. – Tinbergen Institute Discussion Paper, TI 2001-071/2. 

25. Hedges, L.V. (1982). Fitting categorical models to effect sizes from a series 

of experiments. – Journal of Educational Statistics, 7, pp. 119-137. 

26. Hedges, L. V., Olkin, I. 1985. Statistical methods for metaanalysis. 

Orlando, FL: Academic Press, viidatud: Lipsey, Mark, 

27. W., Wilson, David, B. 2001. Practical meta-analysis. Applied Social 

Research Methods Series, 49. SAGE Publications. Hernandez, L.F. and Valdes, 

R.O. (2001) What drives contagion: Trade, neighborhood, or financial links? - 

International Review of Financial Analysis, 10, pp. 203–218. 

28. Hunter, J. E., Schmidt, F. L. 1990. Methods of meta-analysis: Correcting 

error and bias in research findings. Newbury Park, CA: Sage. 

29. Jeanne, O. and Masson, P. (2000). Currency crises and markovswitching 

regimes. - Journal of International Economics, 50, pp. 327–350. 



116 

 

30. Jokipii, T. and Lucey, B. (2006) Contagion and interdependence: measuring 

CEE banking sector co–movements. – Bank of Finland Research Discussion 

Papers, 15, 47 p. 

31. Kaminsky, G.L. and Reinhart, C.M. (2000). On crises, contagion, and 

confusion. - Journal of International Economics, 51, pp. 145–168. 

32. Kleimeier, S.; Lehnert, T. and Verschoor, W.F.C. (2008). Measuring 

financial contagion using time-aligned data: the importance of the speed of 

transmission of shocks. – Oxford Bulletin of Economics and Statistics, 70, Issue 4, 

pp. 493–508. 

33. Lipsey, Mark, W., Wilson, David, B. 2001. Practical metaanalysis. - Applied 

Social Research Methods Series, 49. SAGE Publications. 

34. Masson, P. (2004) Contagion: Monsoonal effects, spillovers, and jumps 

between multiple equilibria. In: Pierre-Richard Agenor, 

35. Marcus Miller, David Vines and Axel Weber, Editors, The Asian financial 

crises: Causes, contagion and consequences, Cambridge University Press, 

Cambridge. 

36. Moussalli, C.B. (2007). Financial Crises, Panic and Contagion: Evidence from 

a Cross-country Comparison Using Two Time Frames. – Business and Public 

Affairs, 1, ISSN 1934-7219, Issue 2, 2007. 

37. Neill, J. 2006. Meta-analysis research methodology. 

[http://wilderdom.com/research/meta-analysis.html]. 

38. Pearson, K. (1904). Mathematical contributions to the theory of evolution. 

[http://visualiseur.bnf.fr/Visualiseur?Destination= Gallica&O=NUMM-55992]. 

39. Pindyck, R. and J. Rotemberg, J. (1990) The excess comovement of commodity 

prices. - Economic Journal, 100, pp. 1173–1189. 

40. Pindyck, R. and J. Rotemberg, J. (1993) The comovement of stock prices. - 

Quarterly Journal of Economics, 108, pp. 1073–1104. 

41. Rigobon, R. (1999). On the Measurement of the International Propagation of 

Shocks. - National Bureau of Economic Research Working Paper, 7354. 

42. Rigobon, R. (2002) Contagion: How to measure it? In: S. Edwards and J. 

Frankel, Editors, Preventing currency crises in emerging markets, The University 

Chicago Press, Chicago, pp. 269–334. 

43. Rosenthal, R. 1994. Statistically describing and combining studies. – The 

handbook of research synthesis, Eds. H. Cooper & L. V. Hedges. New York: 

Russell Sage Foundation, pp. 231-244. 



117 

 

44. Rosenthal, R. and Rubin, D. B. (1982). A simple, general purpose display of 

magnitude of experimental effect. - Journal of Educational Psychology, 74, pp. 

166-169. 

45. Serwa, D. (2005). Empirical evidence on financial spillovers and contagion to 

international stock markets. [http://opus.kobv.de/ 

euv/volltexte/2007/20/pdf/serwa.dobromil.pdf]. 

46. Serwa, D. and Bohl, M. (2005). Financial Contagion Vulnerability and 

Resistance: A Comparison of European Capital Markets. – Economic Systems, 29, 

Issue 3, September, pp. 344–365. 

47. Schultze, R. (2004). Meta-Analysis. A Comparison of Approaches. Hogrefe & 

Huber Publishers, 242 p. 

48. Sola, M.; Spagnolo, F. and Spagnolo, N. (2002). A test for volatility spillovers. 

– Economics Letters 76, pp. 77 – 84. 

49. Van Rijckeghem, C. and Weder, B. (2001) Sources of contagion: Is it finance 

or trade? - Journal of International Economics, 54, pp. 293–308. 

50. Wang, P. and Moore, T. (2008). Stock market integration for the transition 

economies: time-varying conditional correlation approach. – The Manchester 

School, 76, Issue s1, pp. 116-133. 

51. Weller, C.E. and Morzuch B. (2003). International Financial Contagion: Why 

are Eastern Europe’s banks not failing when everybody else’s are? – Economics of 

Transition, 8 Issue 3, pp. 639-663. 

52. Woo, W.T. (2000). Coping with accelerated capital flows from the 

globalization of financial markets. - ASEAN Economic Bulletin, 17, pp. 193-204. 

53. World Bank Group (2001). Contagion of financial crises website. 

[http://www1.worldbank.org/economicpolicy/managing%20vol 

atility/contagion/index.html] 

 

 
 

CHAPTER 2 
COMPLEX FINANCIAL NETWORKS AND FINANCIAL CONTAGION 

 
 

In modern financial systems, an intricate web of claims and obligations 

links the balance sheets of a wide variety of intermediaries, such as banks and 

hedge funds, into a network structure. The advent of sophisticated financial 
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products, such as credit default swaps and collateralised debt obligations, has 

heightened the complexity of these balance sheet connections still further. As 

demonstrated by the fi nancial crisis, especially in relation to the failure of Lehman 

Brothers and the rescue of American International Group (AIG), these 

interdependencies have created an environment for feedback elements to generate 

amplified responses to shocks to the financial system. They have also made it 

difficult to assess the potential for contagion arising from the behaviour of financial 

institutions under distress or from outright default. This paper models two key 

channels of contagion in financial systems. The primary focus is on how losses 

may potentially spread via the complex network of direct counterparty exposures 

following an initial default. But the knock-on effects of distress at some financial 

institutions on asset prices can force other financial entities to write down the value 

of their assets, and we also model the potential for this effect to trigger further 

rounds of default. Contagion due to the direct interlinkages of interbank claims and 

obligations may thus be reinforced by indirect contagion on the asset side of the 

balance sheet, particularly when the market for key financial system assets is 

illiquid. 

Our modelling approach applies statistical techniques from complex 

network theory. In contrast to most existing theoretical work on interbank 

contagion, which considers small, stylised networks, we demonstrate that analytical 

results on the relationship between financial system connectivity and contagion can 

be obtained for structures which reflect the complexities of observed financial 

networks. And we provide a framework for isolating the probability and spread of 

contagion when claims and obligations are interlinked. The model we develop 

explicitly accounts for the nature and scale of macroeconomic and bank-specific 

shocks, and the complexity of network structure, while allowing asset prices to 

interact with balance sheets. The interactions between financial intermediaries 

following shocks make for non-linear system dynamics, whereby contagion risk 

can be highly sensitive to small changes in parameters. 

Our results suggest that financial systems may exhibit a robust-yet-fragile 

tendency: while the probability of contagion may be low, the effects can be 

extremely widespread when problems occur. The model also highlights how 

seemingly indistinguishable shocks can have very different consequences for the 

financial system depending on whether or not the shock hits at a particular pressure 

point in the network structure. This helps explain why the evidence of the resilience 

of the system to fairly large shocks prior to 2007 was not a reliable guide to its 
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future robustness. The intuition underpinning these results is as follows. In a highly 

connected system, the counterparty losses of a failing institution can be more 

widely dispersed to, and absorbed by, other entities. So increased connectivity and 

risk sharing may lower the probability of contagious default. But, conditional on 

the failure of one institution triggering contagious defaults, a high number of 

financial linkages also increases the potential for contagion to spread more widely. 

In particular, high connectivity increases the chances that institutions which survive 

the effects of the initial default will be exposed to more than one defaulting 

counterparty after the first round of contagion, thus making them vulnerable to a 

second-round default. The effects of any crises that do occur can, therefore, be 

extremely widespread. 

 

 

1 Introduction 
 

In modern financial systems, an intricate web of claims and obligations 

links the balance sheets of a wide variety of intermediaries, such as banks and 

hedge funds, into a network structure. The advent of sophisticated financial 

products, such as credit default swaps and collateralised debt obligations, has 

heightened the complexity of these balance sheet connections still further. As 

demonstrated by the financial crisis, especially in relation to the failure of Lehman 

Brothers and the rescue of American International Group (AIG), these 

interdependencies have created an environment for feedback elements to generate 

amplified responses to shocks to the financial system. They have also made it 

difficult to assess the potential for contagion arising from the behaviour of financial 

institutions under distress or from outright default. 

This paper models two key channels of contagion in financial systems by 

which default may spread from one institution to another. The primary focus is on 

how losses can potentially spread via the complex network of direct counterparty 

exposures following an initial default. But, as Cifuentes et al (2005) and Shin 

(2008) stress, the knock-on effects of distress at some financial institutions on asset 

prices can force other financial entities to write down the value of their assets, and 

we also model the potential for this effect to trigger further rounds of default. 

Contagion due to the direct interlinkages of interbank claims and obligations may 

thus be reinforced by indirect contagion on the asset side of the balance sheet 

particularly when the market for key financial system assets is illiquid. 
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The most well-known contribution to the analysis of contagion through 

direct linkages in financial systems is that of Allen and Gale (2000). Using a 

network structure involving four banks, they demonstrate that the spread of 

contagion depends crucially on the pattern of interconnectedness between banks. 

When the network is complete, with all banks having exposures to each other such 

that the amount of interbank deposits held by any bank is evenly spread over all 

other banks, the impact of a shock is readily attenuated. Every bank takes a small 

‘hit’ and there is no contagion. By contrast, when the network is ‘incomplete’, with 

banks only having exposures to a few counterparties, the system is more fragile. 

The initial impact of a shock is concentrated among neighbouring banks. Once 

these succumb, the premature liquidation of long-term assets and the associated 

loss of value bring previously unaffected banks into the front line of contagion. In a 

similar vein, Freixas et al (2000) show that tiered systems with money-centre 

banks, where banks on the periphery are linked to the centre but not to each other, 

may also be susceptible to contagion 

The generality of insights based on simple networks with rigid structures 

to real-world contagion is clearly open to debate. Moreover, while not being so 

stylised, models with endogenous network formation (eg Leitner (2005) and 

Castiglionesi and Navarro (2007)) impose strong assumptions which lead to stark 

predictions on the implied network structure that do not reflect the complexities of 

real-world financial networks. And, by and large, the existing literature fails to 

distinguish the probability of contagious default from its potential spread. 

However, even prior to the current financial crisis, the identification of the 

probability and impact of shocks to the financial system was assuming centre-stage 

in policy debate. Some policy institutions, for example, attempted to articulate the 

probability and impact of key risks to the financial system in their Financial 

Stability Reports. Moreover, the complexity of financial systems means that 

policymakers have only partial information about the true linkages between 

financial intermediaries. Given the speed with which shocks propagate, there is, 

therefore, a need to develop tools that facilitate analysis of the transmission of 

shocks through a given, but arbitrary, network structure. Recent events in the 

global financial system have only served to emphasise this. 

Our paper takes up this challenge by introducing techniques from the 

literature on complex networks (Strogatz (2001)) into a financial system setting. 

Although this type of approach is frequently applied to the study of epidemiology 

and ecology, and despite the obvious parallels between financial systems and other 
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complex systems that have been highlighted by prominent authors (eg May et al 

(2008)) and policymakers (eg Haldane (2009)), the analytical techniques we use 

have yet to be applied to economic problems and thus hold out the possibility of 

novel insights. 

In what follows, we draw on these techniques to model contagion 

stemming from unexpected shocks in complex financial networks with arbitrary 

structure, and then use numerical simulations to illustrate and clarify the intuition 

underpinning our analytical results. Our framework explicitly accounts for the 

nature and scale of aggregate and idiosyncratic shocks and allows asset prices to 

interact with balance sheets. The complex network structure and interactions 

between financial intermediaries make for non-linear system dynamics, whereby 

contagion risk can be highly sensitive to small changes in parameters. We analyse 

this feature of our model by isolating the probability and spread of contagion when 

claims and obligations are interlinked. In so doing, we provide an alternative 

perspective on the question of whether the financial system acts as a shock 

absorber or as an amplifier 

We find that financial systems exhibit a robust-yet-fragile tendency: while 

the probability of contagion may be low, the effects can be extremely widespread 

when problems occur. The model also highlights how a priori indistinguishable 

shocks can have very different consequences for the financial system, depending on 

the particular point in the network structure that the shock hits. This cautions 

against assuming that past resilience to a particular shock will continue to apply to 

future shocks of a similar magnitude. And it explains why the evidence of the 

resilience of the financial system to fairly large shocks prior to 2007 (eg 9/11, the 

Dotcom crash, and the collapse of Amaranth to name a few) was not a reliable 

guide to its future robustness. 

The intuition underpinning these results is straightforward. In a highly 

connected system, the counterparty losses of a failing institution can be more 

widely dispersed to, and absorbed by, other entities. So increased connectivity and 

risk sharing may lower the probability of contagious default. But, conditional on 

the failure of one institution triggering contagious defaults, a high number of 

financial linkages also increases the potential for contagion to spread more widely. 

In particular, high connectivity increases the chances that institutions which survive 

the effects of the initial default will be exposed to more than one defaulting 

counterparty after the first round of contagion, thus making them vulnerable to a 
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second-round default. The effects of any crises that do occur can, therefore, be 

extremely widespread 

Our model draws on the mathematics of complex networks (see Strogatz 

(2001) and Newman (2003) for authoritative and accessible surveys). This 

literature describes the behaviour of connected groups of nodes in a network and 

predicts the size of a susceptible cluster, ie the number of vulnerable nodes reached 

via the transmission of shocks along the links of the network. The approach relies 

on specifying all possible patterns of future transmission. Callaway et al (2000), 

Newman et al (2001) and Watts (2002) show how probability generating function 

techniques can identify the number of a randomly selected node’s first neighbours, 

second neighbours, and so on. Recursive equations are constructed to consider all 

possible outcomes and obtain the total number of nodes that the original node is 

connected to . directly and indirectly. Phase transitions, which mark the 

threshold(s) for extensive contagious outbreaks can then be identified. 

In what follows, we construct a simple financial system involving entities 

with interlocking balance sheets and use these techniques to model the spread and 

probability of contagious default following an unexpected shock, analytically and 

numerically. Unlike the generic, undirected graph model of Watts (2002), our 

model provides an explicit characterisation of balance sheets, making clear the 

direction of claims and obligations linking financial institutions. It also includes 

asset price interactions with balance sheets, allowing the effects of asset-side 

contagion to be clearly delineated. We illustrate the robust-yet-fragile tendency of 

financial systems and analyse how contagion risk changes with capital buffers, the 

degree of connectivity, and the liquidity of the market for failed banking assets. 

Our framework assumes that the network of interbank linkages forms 

randomly and 

exogenously: we leave aside issues related to endogenous network formation, 

optimal network structures and network efficiency. Although some real-world 

banking networks may exhibit core-periphery structures and tiering (see Boss et al 

(2004) and Craig and von Peter (2009) for evidence on the Austrian and German 

interbank markets respectively), the empirical evidence is limited and, given our 

theoretical focus, it does not seems sensible to restrict our analysis of contagion to 

particular network structures. In particular, our assumption that the network 

structure is entirely arbitrary carries the advantage that our model encompasses any 

structure which may emerge in the real world or as the optimal outcome of a 

network formation game. And it is a natural benchmark to consider. 
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We also model the contagion process in a relatively mechanical fashion, 

holding balance sheets and the size and structure of interbank linkages constant as 

default propagates through the system. Arguably, in normal times in developed 

financial systems, banks are sufficiently robust that very minor variations in their 

default probabilities do not affect the decision of whether or not to lend to them in 

interbank markets. Meanwhile, in crises, contagion spreads very rapidly through 

the financial system, meaning that banks are unlikely to have time to alter their 

behaviour before they are affected . as such, it may be appropriate to assume that 

the network remains static. Note also that banks have no choice over whether they 

default. This precludes the type of strategic behaviour discussed by Morris (2000), 

Jackson and Yariv (2007) and Galeotti and Goyal (2009), whereby nodes can 

choose whether or not to adopt a particular state (eg adopting a new technology). 

Our approach has some similarities to the epidemiological literature on the spread 

of disease in networks (see, for example, Anderson and May (1991), Newman 

(2002), Jackson and Rogers (2007), or the overview by Meyers (2007)). But there 

are two key differences.  

First, in epidemiological models, the susceptibility of an individual to 

contagion from a particular infected ‘neighbour’ does not depend on the health of 

their other neighbours. By contrast, in our set-up, contagion to a particular 

institution following a default is more likely to occur if another of its counterparties 

has also defaulted. Second, in most epidemiological models, higher connectivity 

simply creates more channels of contact through which infection could spread, 

increasing the potential for contagion. In our setting, however, greater connectivity 

also provides counteracting risk-sharing benefits as exposures are diversified across 

a wider set of institutions. 

Another strand of related literature (eg Davis and Lo (2001); Frey and 

Backhaus (2003); Giesecke (2004); Giesecke and Weber (2004); Cossin and 

Schellhorn (2007); Egloff et al (2007)) considers default correlation and credit 

contagion among firms, often using reduced-form credit risk models. In contrast to 

these papers, clearly specified bank balance sheets are central to our approach, with 

bilateral linkages precisely defined with reference to these. And our differing 

modelling strategy, which focuses on the transmission of contagion along these 

links, reflects the greater structure embedded in our network set-up. The structure 

of the paper is as follows. Section 2 describes the structure of the financial network, 

the transmission process for contagion, and analytical results characterising a 

default cascade. 
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Section 3 uses numerical simulations to study the effects of failures of 

individual institutions and to articulate the likelihood and extent of contagion. 

Section 4 considers the impact of liquidity effects on system stability. Section 5 

discusses points of contact with the empirical literature on interbank contagion 

being pursued by central banks. A final section concludes. 

 

2 The model 
 
2.1 Network structure 
 

Consider a financial network in which n financial intermediaries, ‘banks’ 

for short, are randomly linked together by their claims on each other. In the 

language of graph theory, each bank represents a node on the graph and the 

interbank exposures of bank i define the links with other banks. These links are 

directed and weighted, reflecting the fact that interbank exposures comprise assets 

as well as liabilities and that the size of these exposures is important for contagion 

analysis. Chart 1 shows an example of a directed, weighted financial network in 

which there are five banks, with darker lines corresponding to higher value links. 

A crucial property of graphs such as those in Chart 1 is their degree 

distribution. In a directed graph, each node has two degrees, an in-degree, the 

number of links that point into the node, and an out-degree, which is the number 

pointing out. Incoming links to a node or bank reflect the interbank 

assets/exposures of that bank, ie monies owed to the bank by a counterparty. 

Outgoing links from a bank, by contrast, correspond to its interbank liabilities. In 

what follows, the joint distribution of in and out-degree governs the potential for 

the spread of shocks through the network. 

For reasons outlined above, our analysis takes this joint degree 

distribution, and hence the structure of the links in the network, as being entirely 

arbitrary, though a speci_c distributional assumption is made in our numerical 

simulations in Section 3. This implies that the network is entirely random in all 

respects other than its degree distribution. In particular, there is no statistical 

correlation between nodes and mixing between nodes is proportionate (ie there is 

no statistical tendency for highly connected nodes to be particularly connected with 

other highly connected nodes or with poorly connected nodes). 
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Suppose that the total assets of each bank consist of interbank assets, 
IB

i
A , 

and illiquid external assets, such as mortgages, 
M

i
A Further, let us assume that the 

total interbank asset position ofevery bank is evenly distributed over each of its 

incoming links and is independent of the number of links the bank has (if a bank 

has no incoming links, 
IB

i
A = 0 for that bank). Although these assumptions are 

stylised, they provide a useful benchmark which emphasises the possible benefits 

of diversification and allows us to highlight the distinction between risk sharing 

and risk spreading within the financial network. In particular, they allow us to show 

that widespread contagion is possible even when risk sharing in the system is 

maximised.  

Since every interbank asset is another bank’s liability, interbank liabilities, 
IB

i
L , are 

endogenously determined. Apart from interbank liabilities, we assume that the only 

other 

component of a bank’s liabilities are exogenously given customer deposits, Di . 

The condition for bank i to be solvent is therefore 
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 (1) 
 

where ϕ is the fraction of banks with obligations to bank i that have defaulted, and 

q is the resale  price of the illiquid asset.8 The value of q may be less than one in 

the event of asset sales by banks in default, but equals one if there are no ‘fire 

sales’. We make a zero recovery assumption, namely that when a linked bank 

defaults, bank i loses all of its interbank assets held against that bank. The solvency 

condition can also be expressed as 

 

  
(2) 

 
 

is the bank’s capital buffer, ie the difference between the book value of its assets 

and liabilities. 

To model the dynamics of contagion, we suppose that all banks in the 

network are initially solvent and that the network is perturbed at time t = 1 by the 

initial default of a single bank. Although purely idiosyncratic shocks are rare, the 

crystallisation of operational risk (eg fraud) has led to the failure of financial 

institutions in the past (eg Barings). Alternatively, bank failure may result from an 

aggregate shock which has particularly adverse consequences for one institution: 

this can be captured in the model through a general erosion in the stock of illiquid 

assets or, equivalently, capital buffers across all banks, combined with a major loss 

for one particular institution. 

Let ji denote the number of incoming links for bank i (the in-degree). 

Since linked banks each lose a fraction 1/ 
i
j  of their interbank assets when a single 

counterparty defaults, it is clear from (2) that the only way default can spread is if 

there is a neighbouring bank for which 

   
(3) 
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We define banks that are exposed in this sense to the default of a single 

neighbour as vulnerable and other banks as safe. The vulnerability of a bank clearly 

depends on its in-degree, j. Specifically, recalling that the capital buffer is taken to 

be a random variable a bank with in-degree j is vulnerable with probability 

 

 
(4) 

 
Further, the probability of a bank having in-degree j, out-degree k and being 

vulnerable is j
v *pjk , where pjk is the joint degree distribution of in and out-

degree. The model   by equations (1) to (4) captures several features of interest in 

systemic risk analysis. First, as noted above, the nature and scale of adverse 

aggregate or macroeconomic events can be interpreted as a negative shock to the 

stock of illiquid assets, 
M

i
A , or equivalently, to the capital buffer, Ki . Second, 

idiosyncratic shocks can be modelled by assuming the exogenous default of a bank. 

Third, the structural characteristics of the financial system are described by the 

distribution of interbank linkages, pjk . And finally, liquidity effects associated 

with the potential knock-on effects of default on asset prices are captured by 

allowing q to vary. To keep matters simple, we initially q= 1, returning later to 

endogenise it. 

 
2.2 Generating functions and the transmission of shocks 
 

In sufficiently large networks, for contagion to spread beyond the first 

neighbours of the initially defaulting bank, those neighbours must themselves have 

outgoing links (ie liabilities) to other vulnerable banks. We therefore define the 

probability generating function for the joint degree distribution of a vulnerable 

bank as 

 

 
(5) 
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The generating function contains all the same information that is contained 

in the degree distribution, pjk , and the vulnerability distribution, v j , but in a form 

that allows us to work with sums of independent draws from different probability 

distributions. Specifically, for our purposes, it generates all the moments of the 

degree distribution of only those banks that are vulnerable. Note that probability 

generating functions are the discrete analogue of moment generating functions. The 

appendix provides a detailed description of their key properties, focusing on those 

which are used in this paper. 

Since every interbank asset of a bank is an interbank liability of another, 

every outgoing link for one node is an incoming link for another node. This means 

that the average in-degree in the network, 

 

 
 

We refer to this quantity as the average degree and denote it by 

 

 
(6) 
 

From G(x; y), we can define a single-argument generating function, G0 (y), for the 

number of links leaving a randomly chosen vulnerable bank. This is given by 

 

 
(7) 
Note that 

 

 
(8) 

 
so that G0(1) yields the fraction of banks that are vulnerable. 
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We can also define a second single-argument generating function, G1 (y), 

for the number of links leaving a bank reached by following a randomly chosen 

incoming link. Because we are interested in the propagation of shocks from one 

bank to another, we require the degree distribution, v j * r jk; of a vulnerable bank 

that is a random neighbour of our initially chosen bank. 

At this point, it is important to note that this is not the same as the degree 

distribution of vulnerable banks on the network as a whole. This is because a bank 

with a higher in-degree has a greater number of links pointing towards it, meaning 

that there is a higher chance that any given outgoing link will terminate at it, in 

precise proportion to its in-degree. Therefore, the larger the in-degree of a bank, the 

more likely it is to be a neighbour of our initially chosen bank, with the probability 

of choosing it being proportional to jkjp . The generating function for the number 

of links leaving a vulnerable neighbour of a randomly chosen vulnerable bank is 

thus given by 

 

 (9) 
 
Now suppose that we follow a randomly chosen outgoing link from a 

vulnerable bank to its end and then to every other vulnerable bank reachable from 

that end. We refer to this set of banks as the (outgoing) vulnerable cluster at the end 

of a randomly chosen outgoing link from a vulnerable bank. Because it captures 

links between vulnerable banks, the size and distribution of the vulnerable cluster 

characterise how default spreads across the financial network following an initial 

failure. 
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As Chart 2 illustrates, each vulnerable cluster (represented by a square in 

the figure) can take many different forms (see also Newman (2003)). We can 

follow a randomly chosen outgoing link and find a single bank at its end with no 

further outgoing connections emanating from it. This bank may be safe (s) or 

vulnerable (v). Or we may find a vulnerable bank with one, two, or more links 

emanating from it to further clusters. At this point, we assume that the links 

emanating from the defaulting node are tree-like and contain no cycles or closed 

loops. This is solely to make an exact solution possible: the thrust of the argument 

goes through without this restriction and we do not apply it when conducting our 

numerical simulations. 

Let )(
1
yH be the generating function for the probability of reaching an 

outgoing vulnerable cluster of given size (in terms of numbers of vulnerable banks) 

by following a random outgoing link from a vulnerable bank. As shown in Chart 2, 

the total probability of all possible forms can be represented self-consistently as the 

sum of probabilities of hitting a safe bank, hitting only a single vulnerable bank, 

hitting a single vulnerable bank connected to one other cluster, two other clusters, 

and so on. Each cluster which may be arrived at is independent. Therefore, )(
1
yH

satisfies the following self-consistency condition: 

 

(10) 
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where the leading factor of y accounts for the one vertex at the end of the initial 

edge and we have used the fact that if a generating function generates the 

probability distribution of some property of an object, then the sum of that property 

over m independent such objects is distributed according to the th
m power of the 

generating function (see the appendix). By using equation (9) and noting that )1(
1

G

represents the probability that a random neighbour of a vulnerable bank is 

vulnerable, we may write equation (10) in implicit form as 

 

     (11) 
It remains to establish the distribution of outgoing vulnerable cluster sizes 

to which a randomly chosen bank belongs. There are two possibilities that can 

arise. First, a randomly chosen bank may be safe. Second, it may have in-degree j 

and out-degree k, and be vulnerable, the probability of which is v j * p jk. In this 

second case, each outgoing link leads to a vulnerable cluster whose size is drawn 

from the distribution generated by .So the size of the vulnerable cluster to which a 

randomly chosen bank belongs is generated by 

 

             

(12) 
 

And, in principle, we can calculate the complete distribution of vulnerable cluster 

sizes by solving equation (11) for )(
1
yH and substituting the result into equation 

(12). 

 

2.3 Phase transitions 
 

Although it is not usually possible to _nd a closed-form expression for the 

complete distribution of cluster sizes in a network, we can obtain closed form 

expressions for the moments of its distribution from equations (11) and (12). In 

particular, the average vulnerable cluster size, S; is given by 
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 (13) 

 

Noting that )(
1
yH is a standard generating function so that )(

1
yH = 1 (see the 

appendix), it follows from equation (12) that 

 

  
 (14) 

 
And we know from equation (11) that 

 

       
 (15) 

 
So, substituting equation (15) into (14) yields 

 

      
 (16) 

 
From equation (16), it is apparent that the points which mark the phase transitions 

at which the average vulnerable cluster size diverges are given by 

 

         
 (17) 

 
or, equivalently, by 

       
 (18) 
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where we have used equations (6) and (9). 

The term )(
'

1
jG is the average out-degree of a vulnerable first neighbour, 

counting only those links that end up at another vulnerable bank. If this quantity is 

less than one, all vulnerable clusters are small and contagion dies out quickly since 

the number of vulnerable banks reached declines. But if )(
'

1
jG  is greater than one, 

a ‘giant’ vulnerable cluster - a vulnerable cluster whose size scales linearly with the 

size of the whole network . exists and occupies a finite fraction of the network. In 

this case, system-wide contagion is possible: with positive probability, a random 

initial default at one bank can lead to the spread of default across the entire 

vulnerable portion of the financial network. 

As the average degree, z, increases, typical in and out-degrees increase, so 

that more of the mass of pjk is at higher values for j and k. This increases the left-

hand side of (18) monotonically through the j* k term but reduces it through the vj 

term as vj is lower for higher j from equation (4). So equations (17) and (18) will 

either have two solutions or none at all. In the first case, there are two phase 

transitions and a continuous window of (intermediate) values of z for which 

contagion is possible. For values of z that lie outside the window and below the 

lower phase transition, the 

 
term is too small and the network is insuf_ciently connected for contagion to 

spread (consider what would happen in a network with no links); for values of z 

outside the window and above the upper phase transition, the vj term is too small 

and contagion cannot spread because there are too many safe banks. 

 

2.4 The probability and spread of contagion 
 

From a system stability perspective, we are primarily interested in 

contagion within the giant vulnerable cluster. This only emerges for intermediate 

values of z, and only when the initially defaulting bank is either in the giant 

vulnerable cluster or directly adjacent to it. The likelihood of contagion is, 

therefore, directly linked to the size of the vulnerable cluster within the window. 

Intuitively, near both the lower and upper phase transitions, the probability of 

contagion must be close to zero since the size of the vulnerable cluster is either 
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curtailed by limited connectivity or by the presence of a high fraction of safe banks. 

The probability of contagion is thus non-monotonic in z: initially, the risk-

spreading effects stemming from a more connected system will increase the size of 

the vulnerable cluster and the probability of contagion; eventually, however, risk-

sharing effects that serve to reduce the number of vulnerable banks dominate, and 

the probability of contagion falls. 

At the minimum, the conditional spread of contagion (ie conditional on 

contagion breaking out) must correspond to the size of the giant vulnerable cluster. 

But once contagion has spread through the entire vulnerable cluster, the assumption 

that banks are adjacent to no more than one failed bank breaks down. So ‘safe’ 

banks may be susceptible to default and contagion can spread well beyond the 

vulnerable cluster to affect the entire connected component of the network. Near 

the lower phase transition, z is sufficiently low that nearly all banks are likely to be 

vulnerable. Therefore, in this region, the size of the giant vulnerable cluster 

corresponds closely to the size of the connected component of the network, 

meaning that the fraction of the network affected by episodes of contagion is 

roughly similar to the probability that contagion breaks out. But these quantities 

diverge as z increases and, near the upper phase transition, the system will exhibit a 

robust-yet-fragile tendency, with episodes of contagion occurring rarely, but 

spreading very widely when they do take place. 

From equation (18), the size of the contagion window is larger if, for a 

given j, the probability that a bank is vulnerable, vj , is larger. Greater levels of 

vulnerability also increase the size of the giant vulnerable cluster and, hence, the 

probability of contagion within the range of intermediate z values. Therefore, it is 

clear from equation (4) that an adverse shock which erodes capital buffers will both 

increase the probability of contagion and extend the range of z for which 

contagious outbreaks are possible. 

 

2.5 Relaxing the diversification assumptions 
 

In our presentation of the model, we assumed that the total interbank asset 

position of each bank was independent of the number of incoming links to that 

bank and that these assets were evenly distributed over each link. In reality, we 

might expect a bank with a higher number of incoming links to have a larger total 

interbank asset position. Intuitively, this would curtail the risk-sharing benefits of 

greater connectivity because the greater absolute exposure associated with a higher 
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number of links would (partially) offset the positive effects from greater 

diversification. But, as long as the total interbank asset position increases less than 

proportionately with the number of links, all of our main results continue to apply. 

In particular, vj will still decrease in z, though at a slower rate. As a result, equation 

(18) will continue to generate two solutions, though in an extended range of cases. 

The contagion window will thus be wider. On the other hand, if the total interbank 

asset position increases more than proportionately with the number of links, vj will 

increase in z and greater connectivity will unambiguously increase contagion risk. 

This latter case does not seem a particularly plausible description of reality. 

Assuming an uneven distribution of interbank assets over incoming links 

would not change any of our fundamental results. In particular, vj would still 

decrease in z, maintaining the possibility of two solutions to equation (18). But an 

uneven distribution of exposures would make banks vulnerable to the default of 

particular counterparties for higher values of z than would otherwise be the case. 

As a result, the contagion window will be wider. 

 
3. Numerical simulations 
 
3.1 Methodology 
 

To illustrate our results, we calibrate the model and simulate it 

numerically. Although the findings apply to random graphs with arbitrary degree 

distributions, we assume a uniform (Poisson) random graph in which each possible 

directed link in the graph is present with independent probability p. In other words, 

the network is constructed by looping over all possible directed links and choosing 

each one to be present with probability p . note that this algorithm does not 

preclude the possibility of cycles in the generated network and thus encompasses 

all of the structures considered by Allen and Gale (2000). The Poisson random 

graph was chosen for simplicity given the primary focus of this section in 

empirically confirming our theoretical results; conducting the simulation analysis 

under different joint degree distributions would be a useful extension but is left for 

future work. 

Consistent with bankruptcy law, we do not net interbank positions, so it is 

possible for two banks to be linked with each other in both directions. The average 

degree, z, is allowed to vary in each simulation. And although our model applies to 
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networks of fully heterogeneous financial intermediaries, we take the capital 

buffers and asset positions on banks’ balance sheets to be identical. 

As a benchmark, we consider a network of 1,000 banks. Clearly, the 

number of financial intermediaries in a system depends on how the system is 

defined and what counts as a financial intermediary. But several countries have 

banking networks of this size, and a figure of 1,000 intermediaries also seems 

reasonable if we are considering a global financial system involving investment 

banks, hedge funds, and other players. The initial assets of each bank are chosen so 

that they comprise 80% external (non-bank) assets and 20% interbank assets . the 

20% share of interbank assets is broadly consistent with the figures for developed 

countries reported by Upper (2007). Banks’ capital buffers are set at 4% of total 

(non risk-weighted) assets, a figure calibrated from data contained in the 2005 

published accounts of a range of large, international financial institutions. Since 

each bank’s interbank assets are evenly distributed over its incoming links, 

interbank liabilities are determined endogenously within the network structure. 

And the liability side of the balance sheet is ‘topped up’ by customer deposits until 

the total liability position equals the total asset position. 

In the experiments that follow, we draw 1,000 realisations of the network 

for each value of z. In each of these draws, we shock one bank at random, wiping 

out all of its external assets - this type of idiosyncratic shock may be interpreted as 

a fraud shock. The failed bank defaults on all of its interbank liabilities. As a result, 

neighbouring banks may also default if their capital buffer is insufficient to cover 

their loss on interbank assets. Any neighbouring banks which fail are also assumed 

to default on all of their interbank liabilities, and the iterative process continues 

until no new banks are pushed into default. Since we are only interested in the 

likelihood and conditional spread of system-wide contagion, we wish to exclude 

very small outbreaks of default outside the giant vulnerable cluster from our 

analysis. So, when calculating the probability and conditional spread of contagion, 

we only count episodes in which over 5% of the system defaults. As well as being 

analytically consistent on the  basis of numerical simulations, a 5% failure rate 

seems a suitable lower bound for defining a systemic financial crisis. 

 
3.2 Results 
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Chart 3 summarises the benchmark case. In this and all subsequent 

diagrams, the extent of contagion measures the fraction of banks which default, 

conditional on contagion over the 5% threshold breaking out. 

The benchmark simulation confirms the results and intuition that 

contagion only occurs within a certain window of z. Within this range, the 

probability of contagion is non-monotonic in connectivity, peaking at 

approximately 0.8 when z is between 3 and 4. As noted above, the conditional 

spread of contagion as a fraction of network size is approximately the same as the 

frequency of contagion near the lower phase transition . in this region, contagion 

breaks out when any bank in, or adjacent to, the giant vulnerable cluster is shocked 

and spreads across the entire cluster, which roughly corresponds to the entire 

connected component of the network. 

 

 
 

 

For higher values of z, however, a large proportion of banks in the 

network fail when contagion breaks out. Of particular interest are the points near 

the upper phase transition: when z > 8, contagion never occurs more than five times 

in 1,000 draws; but in each case where it does break out, every bank in the network 

fails. This highlights that a priori indistinguishable shocks to the network can have 

vastly different consequences for contagion. 
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In Chart 4, we compare our benchmark results with the limiting case, since 

our analytical results only strictly apply in the limit as n ⇾∞ . Watts (2002) notes 

that numerical results in random graph models approximate analytical solutions in 

the vicinity of n = 10,000. 

Chart 4 demonstrates that a smaller number of nodes in the benchmark 

simulation does not fundamentally affect the results: the contagion window is 

widened slightly, but the qualitative results of the analytical model remain intact. 

Chart 5 considers the effects of varying banks’ capital buffers. As 

expected, an erosion of capital buffers both widens the contagion window and 

increases the probability of contagion for fixed values of z.  For small values of z, 

the extent of contagion is also slightly greater when capital buffers are lower but, in 

all cases, it reaches one for suf_ciently high values of z. When the capital buffer is 

increased to 5%, however, this occurs well after the peak probability of contagion. 

This neatly illustrates how increased connectivity can simultaneously reduce the 

probability of contagion but increase its spread conditional on it breaking it out. 
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Chart 6 illustrates how changes in the average degree and capital buffers 

jointly affect the expected number of defaults in the system. Since this diagram 

does not isolate the probability of contagion from its potential spread, rare but 

high-impact events appear in the benign (flat) region as the expected number of 

defaults in these cases is low. Chart 6 serves to highlight another non-linear feature 

of the system: when capital buffers are eroded to critical levels, the level of 

contagion risk can increase extremely rapidly 

Finally, in Chart 7, we relax the zero recovery assumption. Instead, we 

assume that when a bank fails, its default in the interbank market equals its asset 

shortfall (ie its outstanding loss after its capital buffer is absorbed) plus half of any 

remaining interbank liabilities, where the additional amount is interpreted as 

reflecting bankruptcy costs that are lost outside the system. As we might expect, 

this reduces the likelihood of contagion because fewer banks are vulnerable when 

the recovery rate can be positive. But it is also evident that relaxing the zero 

recovery assumption does not fundamentally affect our broad results. 
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3.3 Interpretation and discussion 
 

Contagious crises occur infrequently in developed countries, suggesting 

that financial systemsare located near to the upper phase transition of our model. 

The findings of Soramaki et al (2007), who report average degrees in financial 

systems of fifteen, are consistent with this. But recent events have demonstrated 

that financial systems are prone to occasional system-wide breakdown, with 

policymakers intervening to limit the extent of contagion. 

Our framework implies that financial systems exhibit a robust-yet-fragile 

tendency. Although the likelihood of contagion may be low, its impact can be 

extremely widespread. Moreover, even if contagion from idiosyncratic shocks 

never occurs when banks have relatively high capital buffers, Chart 5 highlights 

that if an adverse aggregate shock, such as the macroeconomic downturn we are 

currently experiencing, erodes capital buffers, the system could be susceptible to 
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contagion risk. A priori indistinguishable shocks also have vastly different 

consequences in our model. Although the system may be robust to most shocks of a 

given size, if it is hit by a similarly sized shock at a particular pressure point, 

possibly reflecting a structural weakness, the ensuing financial instability could be 

significant.  This result cautions against assuming that the resilience of a financial 

system to large shocks at some point in the past will continue to apply to future 

shocks of a similar magnitude. 

 
4 Liquidity risk 
 

We now incorporate liquidity effects into our analysis. When a bank fails, 

financial markets may have a limited capacity to absorb the illiquid external assets 

which are sold. As a result, the asset price may be depressed. Following Schnabel 

and Shin (2004) and Cifuentes et al (2005), suppose that the price of the illiquid 

asset, q, is given by 

 

          
 (19) 

 
where x > 0 is the fraction of system (illiquid) assets which have been sold onto the 

market (if assets are not being sold onto the market, q =1). We calibrate α so that 

the asset price falls by 10% when one tenth of system assets have been sold. 

We integrate this pricing equation into our numerical simulations. 

Specifically, when a bank defaults, all of its external assets are sold onto the 

market, reducing the asset price according to equation (19). We assume that when 

the asset price falls, the external assets of all other banks are marked to market to 

reflect the new asset price. From equation (4), it is clear that this will reduce banks’ 

capital buffers and has the potential to make some banks vulnerable, possibly 

ultimately tipping them into default. 

The incorporation of (market) liquidity risk introduces a second potential 

source of contagion into the model from the asset side of banks’ balance sheets. 

Note, however, that this liquidity risk only materialises upon default. Realistically, 

asset prices are likely to be depressed by asset sales before any bank defaults. So 

accounting only for the post-default impact probably understates the true effects of 

liquidity risk. 
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Chart 8 illustrates the effects of incorporating liquidity risk into the model. 

As we might expect, liquidity effects magnify the extent of contagion when it 

breaks out. The contagion window also widens. As shown, liquidity effects do not 

drastically alter the main results of our model. But this should not be taken to mean 

that liquidity effects are unimportant. In part, the limited effect of liquidity risk 

reflects the already high spread of contagion embedded in the benchmark scenario. 

As demonstrated by May and Arinaminpathy (2010) in a similar set-up, liquidity 

effects can be more material if recovery rates upon interbank default are relatively 

high. And, to the extent that liquidity risk materialises before any bank defaults, it 

can be viewed as having the potential to erode capital buffers and increase the 

likelihood of an initial default. 

 

5 Relationship to the empirical literature 
 

There is a large empirical literature which uses counterfactual simulations 

to assess the danger of contagion in a range of national banking systems (see Upper 

(2007) for a comprehensive survey). This literature has largely tended to use actual 
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or estimated data on interbank lending to simulate the effects of the failure of an 

individual bank on _nancial stability. 

 The evidence of contagion risk from idiosyncratic shocks is mixed. 

Fur_ne (2003) and Wells (2004) report relatively limited scope for contagion in the 

US and UK banking systems. By contrast, Upper and Worms (2004) and van 

Lelyveld and Liedorp (2006) suggest that contagion risk may be somewhat higher 

in Germany and the Netherlands. Meanwhile, Mistrulli’s (2007) results for the 

Italian banking system echo the findings of this paper: he finds that while only a 

relatively low fraction of banks can trigger contagion, large parts of the system are 

affected in worst-case scenarios. 

 Moreover, he shows that when moving from an analysis of actual bilateral 

exposures (which form an incomplete network) to a complete structure estimated 

using maximum entropy techniques, the probability of contagion from a random, 

idiosyncratic bank failure is reduced but its spread is sometimes widened. 

Contagion due to aggregate shocks is examined by Elsinger et al (2006) 

who combine a model of interbank lending in the Austrian banking system with 

models of market and credit risk. They take draws from a distribution of risk 

factors and compute the effects on banks’ solvency, calculating the probability and 

the severity of contagion. Their findings also echo the results reported in our paper. 

While contagious failures are relatively rare, if contagion does occur, it affects a 

large part of the banking system. 

Counterfactual simulations have also been used to assess how changes in 

the structure of interbank loan markets affect the risk of contagion. But these 

results do not show a clear relationship. Mistrulli (2005) and Degryse and Nguyen 

(2007) consider how contagion risk has evolved in Italy and Belgium as their 

banking structures have shifted away from a comparatively complete graph 

structure towards one with multiple money-centre banks. Their findings suggest 

that while this shift appears to have reduced contagion risk in Belgium, the 

possibility of contagion risk in Italy appears to have increased. 

As noted by Upper (2007), existing empirical studies are plagued by data 

problems and the extent to which reported interbank exposures reflect true linkages 

is unclear: generally, interbank exposures are only reported on a particular day 

once a quarter and exclude a range of items, including intraday exposures. As such, 

they underestimate the true scale of financial connectivity. Moreover, national 

supervisory authorities do not generally receive information on the exposures of 

foreign banks to domestic institutions, making it difficult to model the risk of 
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global contagion in the increasingly international financial system. And studies 

attempting to analyse the effects of changes in network structure on contagion risk 

are constrained by short time series for the relevant data series. 

 

6 Conclusion 
 

In this paper, we develop a model of contagion in arbitrary financial 

networks that speaks to concerns about the widespread transmission of shocks in an 

era of rapid financial globalisation and in the wake of a major systemic financial 

crisis. Our model applies broadly to systems of agents linked together by their 

financial claims on each other, including through interbank markets and payment 

systems. While high connectivity may reduce the probability of contagion, it can 

also increase its spread when problems occur. Adverse aggregate shocks and 

liquidity risk also amplify the likelihood and extent of contagion. 

Our results suggest that financial systems may exhibit a robust-yet-fragile 

tendency. They also highlight how a priori indistinguishable shocks can have vastly 

different consequences, which helps explain why the evidence of the resilience of 

the system to fairly large shocks prior to 2007 was not a reliable guide to its future 

robustness. 

The approach provides a first step towards modelling contagion risk when 

true linkages are unknown. It would be useful to extend the simulation analysis by 

relaxing the assumption that the defaulting bank is randomly selected and, along 

the lines of Albert et al (2000), considering the implications of targeted failure 

affecting big or highly connected interbank borrowers. This would be particularly 

interesting in a set-up in which the joint degree distribution was calibrated to match 

observed data. Added realism could also be incorporated into the model by using 

real balance sheets for each bank or endogenising the formation of the network. 

Extending the model in this direction could help guide the empirical modelling of 

contagion risk and is left for future work. 
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CHAPTER 3 
MODELING INTERNATIONAL  

FINANCIAL MARKETS CONTAGION 
 

Financial market contagion is a hot issue at all times. Forbes and Rigobon 

(2002) define financial contagion as a significant increase in cross-market linkages 

triggered by a shock. Using a volatility-adjusted Pearson correlation estimator, 

Forbes and Rigobon (2002) conclude that many claims of contagion during the 

Asian crisis are simply spurious statistical artifact. Our study replicates the tests in 

Forbes and Rigobon (2002) but with a more robust methodology. Using a dummied 

t-copula and two versions of time varying t-copula, we find clear evidence of 

contagion among volatility-filtered stock returns in the same data set used in 

Forbes and Rigobon (2002).  

Another novelty is the use of world and regional risk appetite indices to 

study financial crisis and contagion. These risk appetite indices are constructed 

from 34 equity indices and 32 bond indices over a 10-year period. The behavior of 

these regional risk appetite indices during the Asian crisis is consistent with the 

findings we obtained earlier from our copula models. The movements of regional 

risk appetite indices during six different crisis events show that developed financial 

markets are more sensitive and vulnerable than emerging markets to extreme 

events. Latin American markets are hardly affected by extreme events originated 

outside its region.  
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Moreover, the impact of terrorist attacks is small and short lived when 

compared with the impact of fundamental changes in economic conditions, which 

took much longer for investors and markets to restore confidence. We first review 

the literature of financial market contagion studies and the use of risk appetite to 

analyze contagion, and then we explain the copula models and present the results of 

copula estimation.  

The next section discusses the dataset used in the construction of risk 

appetite indices, and explains how these risk appetite indices can be used to detect 

contagions, while the final section concludes the discussion. 

 

3.1. Literature on Contagion and Risk Appetite 
 

For a long time, stock return dependence was measured by using the 

Pearson correlation,which is inherently biased if heteroskedasticity is not taken into 

account (Forbes and Rigobon 2002). To correct for this bias, the authors propose a 

new correlation estimator that adjusts for heteroskedasticity in returns.  

Using stock market return data covering the Asia financial crisis, the 

Mexico crisis, and the 1987 crash, they find that the unadjusted Pearson correlation 

coefficients increased significantly during these crisis periods, but not the 

heteroskedasticity adjusted correlation. Therefore, they concluded that contagion 

did not take place during these crisis periods. In another study, Bekaert, Harvey, 

and Ng (2005) define contagion as an increase in the level of correlation over and 

above what is expected. They propose a two-factor model whose parameter values 

depended on a collection of macroeconomics factors, such as the sum of total 

import and export, and the difference between long and short term bond yields. 

Bekaert et al. did not find evidence of contagion during the Mexican crisis but 

report an economically significant increase in correlations among the residuals 

during the Asia financial crisis. Bae, Karolyi, and Stulz (2003) use logistic 

regression to link international stock returns co-exceedances (i.e., several stock 

market returns drop below a threshold simultaneously) to regional macroeconomic 

variables, such as regional volatility, exchange rates, and interest rates. Bae et al. 

conclude that stock market shocks originated from Latin America are more 

contagious than those originated from Asia.  

The authors also find that the U.S. stock market appeared to be largely 

insulated from the Asian financial crisis. This finding is supported by our empirical 

tests. So it is clear that studies in contagion reached different conclusions with 
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different methodologies. Here we propose the use of copula method despite its 

negative reception in recent subprime crisis. Patton (2006) uses Clayton copula and 

reports finding a structural break in dependence among currency markets after the 

introduction of the euro. Bartram, Taylor, and Wang (2007) use Gaussian copula to 

find that dependence of European equity markets increased in anticipation of the 

markets joining the Eurozone. Jondeau and Rockinger (2006) report similar 

findings by using t–copula. Rodriguez (2007) uses regime switching copula and 

finds stronger dependence in the high volatility state. The copula method is far 

more superior to Pearson correlation, which is based on multinormal distribution. 

 For example, student-t copula can capture extremal tail dependence 

whereas Pearson correlation cannot. Copula also allows a greater choice of 

marginal distribution beyond Normal distribution. Thick tail distributions such as 

the student-t or the skewed student-t distribution are commonly used to model 

financial time series. Both practitioners and academia have considered the 

possibility that financial crisis is not purely driven by worsening macroeconomic 

fundamentals. Kumar and Persaud (2002), for example, find that the Asian 

financial crisis was associated with a substantial drop in the so-called risk appetite. 

The term risk appetite is referred loosely to the willingness of investors to bear risk 

and is to be distinguished from risk aversion and the riskiness of assets. During a 

stable economy, investors are willing to bear more risk, as characterized by high 

risk appetite.  

The literature has the tendency to mask the distinctions between risk 

appetite and risk aversion. Gai and Vause (2004) argue that risk appetite is a 

function of the aversion to uncertainty as well as the level of market uncertainty 

conditioned on the macroeconomic environment. Risk aversion is thought to be 

relatively stable, moving very slowly with aggregate wealth and business cycle. On 

the other hand, perception of macroeconomic uncertainty could change more 

quickly and frequently, which in turn causes risk appetite to change frequently. 

Many investment banks and central banks have developed their own risk appetite 

indices to reflect investors’ perceptions of risk. 

 Examples of these risk appetite indices include the JPMorgan’s liquidity, 

credit, and volatility index; the UBS’s investor sentiment index; the Merrill 

Lynch’s Financial stress index; the Westpac’s risk appetite index; the Tarashev, 

Tsatsaronis, and Karampatos’s (2003) risk appetite index developed at the Bank for 

International Settlements; the Gai and Vause’s (2004) risk appetite index developed 

at the Bank of England; the Kumar and Persaud’s (2002) global risk appetite index 
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used by both the IMF and JPMorgan; Wilmot, Mielczarski and Sweeney’s (2004) 

global risk appetite index developed at the Credit Suisse First Boston; the State 

Street Investor Confidence Index and Goldman Sachs Risk Aversion Index. Not all 

risk appetite measures are practical or appropriate for the study of international 

stock market contagion. The rank correlation method used in Kumar and Persaud 

(2002) and Misina (2003, 2006) can detect change in risk appetite but not the level 

of risk appetite when there is no change. Both Tarashev, Tsatsaronis, and 

Karampatos (2003) and Gai and Vause (2004) calculate risk appetite by extracting 

risk neutral probability densities from stock option data and use the GARCH model 

to estimate the subjective probability densities. Such method is data intensive, 

which its use to a handful of developed markets.  

Here, we compile our risk appetite indices following the CSFB’s 

approach. Illing and Aaron (2005) compared 11 risk appetite indices and concluded 

that the CSFB’s index is the only index that captured most important financial 

events. The implementation of the CSFB approach is easy and straightforward, and 

can easily be modified for regional and global risk appetite indices. 

 

3.2. Empirical Study 
 

We use daily returns on stock market indices from 28 markets available in 

Datastream. The data period from January 1, 1996, to December 31, 1998, is 

exactly the same as that in Forbes and Rigobon (2002). The sample period is 

subdivided into stable period (January 1, 1996, to October 16, 1997), crisis period 

(October 17, 1997, to November 17, 1997), and post-crisis period (November 18, 

1997, to December31, 1998). Forbes and Rigobon argue that in October 1997, the 

Asian financial crisis hit Hong Kong the hardest. Hence, for this particular crisis 

period, we will focus on the pair-wise dependence between Hong Kong and the 

other 27 markets following Forbes and Rigobon (2002). 

 Copula model can be estimated based on maximizing likelihood function 

following Joe (1997), McLeish and Small (1988), and Xu (1996). Here, we adopt 

the more efficient two-step approach whereby, in the first step, the log-likelihood 

function for each of the univariate margin is maximized individually. The estimated 

parameter values are used to transform the marginal distribution into uniform 

margins. In the second step, the density function of the copula with uniform 

marginal is maximized to obtain the dependence parameter. 
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3.3. Marginal Distribution 

 

We model the marginal distributions as univariate AR(p)–GARCH(q, r) 

with p = 10 and q = r = 1 assuming that the standardized residuals follow a skewed 

student-t distribution with constant parameter values.1 The results of the marginal 

distribution estimation show that most markets have a low degree of freedom 

average 9.029 confirming that stock market returns are not Gaussian. The skewness 

parameter of the marginal distribution is negative for 21 markets, which shows that 

most markets have negative tails even after adjusting for stochastic volatility. For 

diagnostic tests, we implement the Ljung-Box (L-B) test to check if the marginal 

probability is serially correlated, and the Kolmogorov-Smirnov test to check if the 

transformed standardized residuals is uniform (0, 1) distributed. Of the 27 markets, 

only Canada and Malaysia failed the L-B test.We have estimated otherAR-GARCH 

specifications for the Canadian and Malaysian stock returns with no improvement. 

Hence, the original specification is kept. All markets passed the K-S test. 

 

3.4. Dependence 
 

If the marginal distribution is skewed student-t, the dependence parameter 

estimated using the Gaussian copula will not be the same as the Pearson correlation 

coefficient. For South Africa, Singapore, Indonesia, and Australia, their stock 

returns’ Pearson correlation with Hong Kong stock returns is higher than the 

Gaussian dependence value and, in turn, both are greater than the dependence 

parameter estimated using t-copula.  

After we have filtered the volatility effect, the Gaussian and t-copula 

dependence values decrease further. This highlights the potential overestimation 

and distortion of the degree of dependence if heteroskedasticity, marginal 

distribution and the copula function are not controlled properly. To check the fit of 

the copula model, we adopt the goodness-of-fit test introduced by Breymann, Dias, 

and Embrechts (2003), which is based on probability integral transform and is valid 

for any copula family. 

 The test results cannot reject both Gaussian copula and t-copula (except 

for Thailand). From the findings by Rodriguez (2007), there is no loss of likelihood 

value when specified Gaussian copula as t-copula. Hence, we use the t-copula in 

the following sections and for all market pairs. 
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3.5. Testing for Increased Dependence Using Time-Varying t-Copula 
 

Here, we introduce two sets of dummies in the dependence parameter in 

order to test if there is a change in dependence during the crisis and the post-crisis 

periods. In addition, we apply time-varying t-copula following two different 

specifications used in Jondeau and Rockinger (2006) and Patton (2006) 

respectively. From the 27 dependence parameters estimated by three different 

copula dynamics, we found a significant increase in stock markets dependence in 

the Asian crisis and post-crisis periods; 14, 15, and 20 cases tested show evidence 

for contagion for the dummied copula, JR dynamic copula, and Patton’s dynamic 

copula model respectively. There are only seven markets that do not show the 

evidence of contagion in any of the three tests. The other eight markets with 

contagion signs are all European markets; the U.S. and Japanese markets do not 

show any sign of increase in dependence. None of four Latin American markets has 

signs of contagion. Finally, 17 markets show stronger dependence with Hong Kong 

in the postcrisis period than the stable pre-crisis period for all three tests, and 25 

markets show stronger dependence with Hong Kong in at least two tests. This 

increase can possibly be explained as the integrated world economy after crisis 

because the international stock markets are more dependent on each other than 

ever. 

 

3.6. Risk appetite indices and contagion 
 

We follow the method of CSFB to construct our own global and regional 

risk appetite indices. The dataset used to construct the risk appetite indices includes 

36 stock market indices and 32 bond market indices, covering the period ranging 

from January 1, 1993, to December 31, 2005. We categorize markets into 

developed Asian and Latin markets when estimating the regional risk appetite 

indices. For each day t, we estimate the daily risk appetite measure βt by using 

equity indices and bond indices returns through the following cross section 

regression: (see Exhibit 3.1). 
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where Pt,i is the value of index i in day t and Rf is the cash market return proxied 

by the U.S. treasury bill. As highlighted in Kumar and Persaud (2002), the period 

covered by Rex t,i and the period used to estimate risk should not overlap. Hence, 

Rex t,i and volatility(t-125),i have a gap of 125 days (or six months). CSFB use 

value-weighted regression, which takes market capitalization into account, so the 

U.S. equity and bond market have the biggest impact on the risk appetite 

measurement. Here, 
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we use equally weighted regression similar to the method used by the Deutsche 

Bundesbank (2005) because our objective here is to capture global contagion. The 

risk appetite index estimated covers the period from December 2, 1994, to 

December 31, 2005. We scale both our risk appetite estimates and CSFB’s index to 

aid comparison.  

Exhibit 3.2 plots our world risk appetite index (solid line) and that 

estimated by CSFB (dotted line). The difference is due to different dataset and 

different regression methods used. However, we can see from Exhibit 3.2 that our 

estimates are very close to CSFB’s and the two risk appetite indices have a 

correlation of 0.89. In Exhibit 3.2, we highlighted six big events that took place in 

our sample period. The first is the Asian financial crisis, fromOctober 17, 1997, to 

November 17, 1997, the same data period used in Forbes and Rigobon (2002). The 

second event is the Russian debt default crisis, from September 1, 1998, to 

September 30, 1998.  

The third event is the NASDAQ bubble burst around April 2000. The 

fourth event is the terrorist attack on September 11, 2001. The fifth event is the 

American corporate scandal around March 2002. The sixth and last event is another 
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terrorist attack in London on July 7, 2005. From Exhibit 3.2, both risk appetite 

estimates capture these events quite well. 

Exhibits 3.3, 3.4, and 3.5 plot world risk appetite indexes alongside the 

regional 

indices for Asian, developed, and Latin American financial markets respectively. 

The regional indices are plotted as solid lines and world index as dotted lines. For 

the Asian financial crisis, we can see from Exhibit 3.3 that the Asian risk appetite 

index dropped significantly and did not recover until the beginning of 1998. The 

risk appetite index of developed markets plotted in Exhibit 3.4 was also affected 
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by this crisis and dropped significantly but the impact is not as severe as that 

experienced in the Asian markets in Exhibit 3.3. It recovered quickly at the end of 

November. The risk appetite index for Latin American plotted in Exhibit 3.5 

behaves less dramatically than the Asian and developed regional risk appetite 

indices. These findings are consistent with our previous findings, where we found 

four Asian markets and eight developed European markets showed clear evidence 

of contagion during the Asian financial crisis.  

However, none of the Latin American markets was affected by the Asian 

crisis. For the period of Russian debt crisis and the default of LTCM, we find that 

the Asian and Latin American risk appetite indices experienced only small 

movements. But the index for the developed markets had decreased quite a lot; 

clear evidence that developed markets were severely affected by this event. For the 

September 11 terrorist attack in New York, we find a small drop for all three 

regional risk appetite indices but it was not a long-term impact and all three 

regional indices recovered within a week. For the July 7 London bombing, we 
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observe a similar but smaller impact. The Internet bubble burst and U.S. corporate 

scandals had severe and prolonged impact.  

Both the Asian and the developed market risk appetite indices had 

decreased dramatically and did not recover in the following six months. Compared 

with the impact of terrorist attacks, which have only a small and short-term shock 

to the global and regional financial markets, the Internet bubble burst and 

American corporate scandals appeared to fundamentally change the economics 

environments and investors’ confidence. These changes have a more serious and 

longer-term impact to the world financial markets. 

Another interesting finding not shown in Exhibit 6.5 is that the risk 

appetite for Latin American markets only dropped dramatically at the end of 1994. 

It coincides with the period of the Mexico currency crisis. For this particular crisis, 

the Latin American risk appetite index reached the bottom of the whole estimation 

period. Since then, it remained relatively stable and was hardly affected by the big 

events elsewhere. In contrast, we find that the developed markets are more 

sensitive to extreme events than emerging markets as the developed market index 

has reacted to just about all six events. Moreover, the Asian markets are much more 

sensitive than Latin American markets. A possible explanation for this could be 

financial market integration; the more integrated and open the financial market, the 

more sensitive and vulnerable it is to the external events. 

 

 

3.7. Conclusion 
 

In this chapter, we examined the dependence structure and contagion 

among 28 stock markets during and after the Asian crisis by using copula. After 

applying the AR-GARCH model to filter the marginal distribution, we find that at 

least half of the 28 markets we examined show strong evidence of contagion.  

We also find that the dependence among markets has increased since the 

Asian crisis. Another novelty of this chapter lies in our risk appetite estimation for 

world and regional financial markets. We find that the Asian crisis has seriously 

impacted the Asian and the developed financial markets, and the European markets 

in particular. It has little impact on the Latin American markets.  

These findings are consistent with findings produced from our copula 

estimation. We find, during major crisis events, the developed financial markets are 

more sensitive and vulnerable to these extreme events. The impact of terrorist 
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attacks is small and short-lived and the financial markets recovered quickly after 

the incidents. The Internet bubble burst and corporate scandals, on the other hand, 

have longer-term and more severe impact. It took a much longer time for investors 

to restore their confidence and for the market to recover. The risk appetite indices 

have been shown here to be useful for modeling contagion and comovement of 

financial markets. 
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This chapter investigates two mechanisms of financial contagion that are, 

firstly, the correlated exposure of banks to the same source of risk, and secondly 

the direct exposure of banks in the interbank market. It will consider a random 

network of banks which are connected through the interbank market and will 

discuss the desirable level of banks exposure to the same sources of risk, that is 

investment in similar portfolios, for different levels of network connectivity when 

peering through the lens of the systemic cost incurred to the economy from the 

banks simultaneous failure. It demonstrates that for all levels of network 

connectivity, certain levels of diversifying individual banks diversifications are not 

optimum under any condition. So, given an acceptable level of systemic cost, the 

regulator could let banks decrease their capital buffers by moving away from the 

non-optimum area. 

 

1 Introduction 
 

The recent financial crisis has brought many scholars to the consensus that 

there exist some weak points in the current system and it is necessary to reform it 

to improve its stability ([15], [13], [21], [17]). Safeguarding the stability of the 

whole financial system, or in other words, ensuring that the system works well 

even during bad economic periods in which some individual institutions may fail, 

is in charge of central banks. In fact, they are very concerned about the systemic 

risk, that is, the risk of a total system collapse like in 2007, after the 

failure of the Lehman Brothers (which was the counterpart of about $5 trillion 

Credit Default Swap (CDS) contracts) there was a great fear that this failure might 

spread to the other institutions causing a cascade such that the whole economy 

could collapse. Also to avoid lending to distressed institutions, banks hoarded 

liquidity exacerbating the situation through financial contagion, that is when the 

solvency difficulties of some distressed institutions are spread like a disease to the 

other healthy ones. The culprit of financial contagion is the complex 

interconnections which exist between the financial institutions and generally, it 

crops up because of four mechanisms [20]: 1) correlated exposure of banks to the 

same source of risk, 2) direct exposure of banks in the interbank market, 3) assets 

fire-sale of the bankrupted banks, 4) Informational contagion. 

Correlated exposure of institutions to the same source of risk is when they 

invest in the same type of portfolio as the other institutions. According to the 

Modern Portfolio Theory, there is an optimum portfolio, which maximizes the 
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expected return, for a given level of risk [12]. So, institutions, based on how risk-

averse they are, would invest in their optimum portfolio and their portfolios would 

be very similar if they could tolerate almost the same level of risk. When individual 

institutions takes the long position on similar type of assets to maximize their 

individual return, the system become exposed to the risk that many banks fail 

simultaneously when those assets lose value for any reason. So, the regulator faces 

with a dilemma whether she has to let individual institutions maximize their return 

or she has to impose some regulations on the institutions to make them diversify 

their portfolio from that of each other [5]. 

At a moment in time, a bank may be in need of money for any reason, 

such as giving a loan to a customer or investing in an asset, while another one may 

have extra credit for which he does not have any investment plan, so a win-win 

decision could be the case when the second bank lends money to the first bank for a 

rate which is determined by the risk that the borrowing bank defaults on his loan. 

LIBOR, or London Interbank Offered Rate, is the interest rate at which banks can 

borrow funds from the other banks in London interbank market. 

When a bank fails, he might not be able to pay back his borrowings from 

the other banks and this would incur a loss to them and sometimes lead them 

towards bankruptcy. In bad economic states, banks become very fussy about 

lending in order not to incur any loss from the default of the borrowing bank and 

consequently, the interest rate soars or in other words, the credit dries up. For 

example, in the credit crunch of 2007, LIBOR surged from about 4% to about 6%. 

To name a few works investigating the interbank market as a source of contagion, 

it could be [3], [18], [19], [20], [14], [22], [24] and [25]. its assets to pay back his 

liabilities for as much as possible. Since the supply of those assets that the failed 

bank has in its balance sheet increases sharply, their prices tumble, so it is called 

the assets fire sale and it incurs greatlosses to those banks who have the same assets 

in their balance sheets. In fact, the bankruptcy of a bank can implicitly affect 

another bank which is not directly exposed to the failed bank at all ([9], [8], [23], 

[14] have discussed the effects of assets fire-sale). 

Informational contagion happens when depositors or the other banks hoard 

liquidity even when the bank is working well and it causes a liability-side shock to 

the bank leading it to insolvency. In fact, it occurs because of the imperfect 

information about the bank assets and exposures. Historical evidence shows that 

there is a connection between dire liquidity problems and the economic state [10]. 

[11], [2], [1] and [4] are a few works in the literature in this regard. 
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This chapter is based on Beale et al paper [5], which investigates the 

correlated exposure of banks to the same source of risk while quantifying the cost 

incurred to the economy from the banks simultaneous failure. In this paper, the 

direct exposure of banks in the interbank market, which could serve as a source of 

contagion, has been also taken into account. This paper will consider a random 

network of banks which are connected through the interbank market and will 

discuss the optimum level of banks exposure to the same source of risk, that is 

investing in similar portfolios, for different levels of network connectivity when 

peering through the systemic cost lens. It demonstrates that for all levels of 

network connectivity, certain levels of regulators diversifying individual banks 

diversifications are not optimum under any condition. So, given an acceptable level 

of systemic cost, regulator could let banks decrease their capital buffers by moving 

away from the non-optimum area. 

The rest of this chapter is organized as follows. Section 2 introduces the 

mathematical model. Section 3 discusses the partitioning of the assets loss space 

over possible configurations of banks state. Section 4 presents the simulation 

model. Section 5 explains the simulations results and finally section 6 wraps up the 

conclusions. 

 

2 Mathematical Model 
 

In this model, a network of N banks is considered. In this paper, bank is a 

general term and can refer to any type of financial intermediaries. Financial 

intermediaries can be classified as depository institutions (e.g. commercial banks), 

insurance and pension funds, finance companies, securities firms (e.g. investment 

banks and hedge funds) and mutual funds [7]. Here, the same as some other works 

like [14], [20] and [16], each bank, as the node of the network, is schematically 

defined as follows: 
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For the ”external asset” part of the asset side of the banks’ balance sheet, 

each bank can invest in M assets. The banks are connected to each other through 

interbank exposures, including interbank loans and interbank borrowings and they 

make a directional network. A bank would go bankrupt if it loses more than its net 

worth or its capital buffer for any reason, such as incurring loss from its investment 

portfolio, and then in this case it cannot return its liabilities to the other nodes of 

the system causing harm for them. 

The mathematical model of the network is as follows: 

 

Y = XV + LF   (1) 
 

Yi: bank i’s asset side loss as a fraction of its capital buffer. 

Xij : bank i’s investment in asset j as a fraction of its capital buffer. 

Vj : simple loss of asset j or how much asset j has lost its value. 

Lij : bank i’s loan to bank j as a fraction of bank i’s capital buffer. Apparently, 

the elements on the diagonal of this matrix would be zero since a bank 

cannot lend money to itself. 

Fi = I(Yi ≥ 1): is 1 when bank i loses more than its capital buffer or in other 

words is bankrupt. When the loss of bank i is more than its capital buffer 

(Yi _≥1), then the indicator function (I) would output the value of 1 as a result 

of bank i’s bankruptcy. 

Here the system is an recursive equation which should be initialized from 

a state, F vector, which is usually the case when all banks are working well. Then, 

given the point of assets loss, V vector, the final state of the system would be 
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achieved from the recursion of the equation until the state does not change anymore 

with more recursion. From now on, we mean the final state with F unless it is 

stated otherwise. 

It is worthwhile mentioning that there is no indication of time in this 

model. All banks’ assets, including external assets (X matrix) and interbank loans 

(L matrix) are static not dynamic and the intuition is that this model is to 

understand how unstable different sorts of financial systems, X and L matrices, are 

from the regulator perspective and apparently this usually relates to the time of bad 

economic conditions when many assets lose value and cause loss to the holders and 

at that point, banks cannot evade the bad fortune by borrowing money from the 

other banks since the credit dries up and no other bank is keen to lend money to the 

distressed institutions for fear of increasing their possible loss as the case of those 

banks bankruptcy. 

As a corollary of the lack of time, an important tenet of the model is that it 

is contemplating the interbank loans only as a source of contagion and is not taking 

into account its returns over time, so it is not the right means to analyze what level 

of interbank exposure is right for the system. 

 
3 Partition of assets loss space over the banks state 

 

The M dimensional space of assets loss vector, V , could be partitioned up 

to 2�possible configurations of F, the binary vector of the banks state, and for the 

simple case of M = N = 2, the partition diagram could be as follows: 

 



173 

 

 
In the V -space, each bank, according to its investment portfolio in the 

assets, would make a hyperplane (a line in the 2-dimensional V -space) such that 

when the point of assets loss is higher than the hyperplane, the bank is bankrupt. 

Otherwise, it is working well. Each hyperplane would be displaced in the points 

where another bank over which the bank has claims has already defaulted because 

that bank cannot return its borrowings and consequently causes harm to the bank 

which has exposure to it. Consequently, it enlarges the regions on which the bank 

is liquidated to the extent of its exposure to the defaulted bank. In figure 2, the final 

bank lines which are from some point displaced according to the exposure of the 

bank to the other defaulted bank, are shown. 

From the continuation of the shifted parts of each at least two hyperplanes, 

a multiple-behavior region would be made like region 5 in figure 2. The final state 

of this region is completely contingent on the state with which the system is 

initialized. For example, in region 5 of figure 2, if the system is initialized with the 

state in which both banks are working well, then in the final state, both banks 

would work well and if in the initial state, the banks are already liquidated, they 

would remain insolvent in the final state, so it has a multiple behavior tendency. In 

fact, this behavior could be characterized as the lack of confidence in the banks 

whose final state depends on the initial state. In other words, those banks are not in 

a very good state and are likely to go bankrupt soon. Apparently, any path in the V 
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-space through which a few banks go bankrupt simultaneously would pass through 

a multiple-behavior region. 

If the number of assets is greater than or equal to the number of banks, one 

could make an invertible coordinate change in the V -space such that all the 

hyperplanes become coordinate direction. In the new coordinate system, which is a 

linear combination of the old coordinate system, it is apparent that all 2� possible 

configurations of F would exist, so it can be said that if the number of assets is 

greater than or equal to the number of banks, then all 2�  possible regions would 

exist. Besides, there would be a multiple-behavior region between the hyperplanes 

of any at least two banks, which are mutually directly or indirectly (through another 

bank) exposed to each other, given a combination of the other banks state, so there 

would be up to 

 
multiple behavior regions. Interestingly, assuming that all banks are at least 

indirectly connected to each other, there would always exist a multiple-behavior 

region, one side of which all banks are well and on the other side, they are all 

insolvent. 

In other words, regardless of how banks invest in the assets and regardless 

of how they are all exposed to each other, some paths in the V -space are possible, 

through which all banks go bust simultaneously.  

 
4 Simulation Model 
 

In order to do the simulation, a network of banks should be constructed 

and, a probability distribution is required over the V -space to numerically calculate 

the probability of the regions in the partition diagram of V -space over the 

configurations of F. Finally, a measure, which is called cost function here, should 

be defined so as to compare it for different parameters of the model. 

 
4.1 Network Model 
 

In our network, the nodes represent the banks and node A is connected to 

node B if there is a link from node A to node B which shows how much bank A has 

lent to bank B. Here the simplest type of random network, that is Erdos-Renyi 
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model, is used. So, each node is connected to any other node with the fixed 

probability of P. 

It is assumed that all banks are the same. In other words, their total assets 

are equal and they have the same capital buffer, _, that is represented as a 

percentage of the total assets. Consequently, they would diversify their external 

assets investment portfolio in exactly the same manner and the default of any bank 

incurs the same cost to the economy. In this model, for bank i, the percentage of 

interbank loans to total assets, is a function of the level of network connectivity. 

 

(2) 
 

Wi: Percentage of bank i’s interbank loans to its total assets (0 ≤Wi ≤ φ, φ  is the 

maximum possible percentage). 

P: Level of network connectivity(0 ≤ P ≤ 1): 

��: Out degree of bank i, that is the number of banks who receive a loan from bank 

i,. 

I(��> 0): is 1 when bank i is lending money to at least one other bank. So, in fact 

the indicator function (I) is to make sure that bank i could have interbank loans if it 

is connected to at least one other bank. 

f : Function which determines how W is dependent on P, such that f(0) = 0 and f(1) 

= φ . 

 

The function f usually should be increasing and the intuition is that banks 

do not like to lend a large volume of money to an individual bank because of its 

high risk, but when the connectivity of the network increases, on average, a bank is 

connected with more banks, so, in fact, the bank has found the opportunity of 

lending to more banks and as a result, it would invest more in interbank loans. 

Besides, as far as it is assumed that all banks are the same, 

all banks divide their total interbank loans equally with the banks with whom they 

are connected and do not distinguish between them. 

As [5] suggests, an important parameter regarding the investment portfolio 

of the banks in the external assets (X matrix), is how much different banks 

diversify their portfolios from each other. This parameter, called D, could be 

calculated by the average distance between the asset allocations of each pair of 

banks as follows 
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(3) 

Here �
�� is �� , which is the investment of bank i in asset j as a fraction 

of its capital buffer, when it is normalized by ∑ � ��, which is the total investment 

of bank i in the assets as a fraction of its capital buffer. When all banks invest in 

exactly the same portfolio, D would equal to 0 and when they do not invest in any 

asset in which the others have already invested, D would equal to 1. 

For a given level of the connectivity of the network, it is desirable to 

generate random X matrices with different values of D and Appendix shows how to 

do that when the number of banks are equal to the number of assets. It is also of 

great importance to note that here it is assumed all assets are the same. In other 

words, banks are completely impartial to the assets and do not prefer any one to the 

others. 

 

4.2 Probability distribution over V -space 

 

For an asset, there are two types of return, including simple return and log 

return and they are defined as follows: 

 
 

Here � is the final price of the asset and Pi is the initial price of it. Log 

return could take any value while simple return has a bound that it cannot be less 

than -1 since asset price cannot be negative. When final price is close to initial 

price, these two returns would approximately be equal ([6]). For simplicity, it is 

assumed that log return is distributed as 1/α 

T when T is a student t distribution with 1.5 degrees of freedom and α is a critical 

value of t-distribution corresponding to the probability q that a bank fails if it has 

invested only in that asset (the same probability distribution as [6]). When the log 

return follows that distribution, the simple return would be distributed as 

�
��
� � 1 
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so that its bound would not be violated. Here since the model deals with loss not 

return, it could be said that the loss is distributed as  

 

1- �
��

�  

 

In the model, what has been meant by assets is, in fact, asset classes, that 

is a group of assets whose returns/losses are correlated, but independent from that 

of the other asset classes. In other words, it is assumed that all asset returns/ losses 

are independent of each other. Also because assets are assumed to be the same, it 

could be said that asset losses are independently and identically distributed as  

 

1- �
��

�  

 

4.3 Systemic Cost 
 

There is a tension between the best investment portfolios for individual 

banks and the safest one for the system as a whole [5]. When banks individually try 

to diversify their portfolio to maximize their profit, they all invest in the same 

portfolio and as a result, they are all exposed to the same source of risk. This 

herding behavior is harmful for the stability of the system as a whole. From this 

aspect, since it is extremely difficult for the economy to absorb the costs incurred 

by the bankruptcy of several banks together, it is desirable that banks are never 

exposed to the same source of risk, so it would be less likely that some banks fail 

together. So, the regulator has been faced with a dilemma whether to let the banks 

maximize their individual profits or to make some regulations for enhancing the 

stability of the system. 

To explore this tension, the same notion of systemic cost as [5] is introduced. 

 

 
 

C: systemic cost. 

Pi: Probability of region i in the partition diagram of V -space over F. 

Ki: Number of failed banks in region i. 

S: Power which determines how nonlinear the cost is on the number of failed 

banks (S ≥ 1). 
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The challenge of the regulator could be considered as a constrained 

optimization problem, in which he tries to minimise the total sum of all banks’ 

capital buffers, while keeping the systemic risk, which here is captured by systemic 

cost, at an acceptable level. So, for a given level of systemic cost, the challenge is 

how regulator should lead banks make their portfolios, and build the interbank 

network, such that the total capital buffers of the banks is at the minimum level. 

 

5 Simulation Results 
 

In order to develop the simulation, P and D both are discretized and for 

each pair of them, the average of the expected systemic cost over 1000 randomly 

generated X and L matrices is calculated. For calculating expected systemic cost, 

probability of each region in the partition diagram is required and that is done by 

using a 10000 M-elements V -tuples which are generated from the probability 

distribution introduced in section 4.2. The values of the model parameters which 

are used in these simulations are summarized in table 1 although the results are still 

valid for the other choice of parameters. 

 

 
 

The average of the expected systemic cost in figure 3 is plotted against 

network connectivity, P, and diverse diversification parameter, D, for different 

nonlinearity levels of the cost on the number of failed banks, S. 
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Figure 3: Average of the expected systemic cost versus network connectivity level 

and the diverse diversification parameter for four degrees of nonlinearity of the cost 

function. 

 

For different levels of network connectivity, it is interesting how Dopt, D 

in which the cost is minimum, changes with the increase of S. When P = 0, there is 

no interbank linkage, and also the cost function is linear (S = 1), Dopt equals to 0 

since there is no premium cost for the case that some banks fail together and 

consequently, the systemic cost is minimum when all banks invest in their same 

optimum portfolio. However, when S increases, Dopt shifts away gently from 0 

towards 1 depending on how nonlinear the cost function is, and this means banks 



180 

 

would diversify their diversification to minimize the extra cost associated with the 

simultaneous failure of the banks. This is in harmony with the results in [5]. 

When P > 0, that is when banks to some level are connected to each other, 

the pattern of change in Dopt by the increase of S is different from that of the case 

when P = 0 since the interbank linkages can be served as a source of contagion. 

Here Dopt, at first, remains constant at 0 when S increases, but there exists a brink 

point in S at which Dopt swiftly changes from 0 to some value between 0 and 1. 

The higher the connectivity of the network is, the bigger this jump is and the later 

the brink point would happen. After this sudden change 

in Dopt, it would again drift gently towards 1 as S increases. 

In fact, there is an area in P - D space in which the systemic cost would 

never be minimum and it is the area over which ��� jumps and is schematically 

shown in gray colour in figure 4. From system stability point of view, the system 

should not be in that area under any form of the cost function since given any level 

of network connectivity, there always exists another D out of that area in which the 

systemic cost is lower. In fact, the regulator could let banks decrease their capital 

buffers when the system is moving away from the non-optimum area while the 

systemic cost still remains at its acceptable level. 

 

 
Figure 4: Non-optimum area in P - D space. The gray area could not be optimum 

under any form of cost function 
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The intuition behind the existence of such an area in P - D space is that 

when banks are connected to each other, interbank loans would work as a source of 

contagion, but when D = 0, or in other words all banks have invested in the same 

portfolio, interbank loans could not spread the difficulty of distressed institutions to 

the other banks since when one bank has failed, it means that all the other banks are 

already bankrupt (because they have invested in exactly the same portfolio). So, 

even for very nonlinear cost functions, as D drifts from 0, the systemic cost would 

increase at first because this diverse diversification would open the source for 

interbank linkages to spread financial difficulty. However, after some point, for 

nonlinear enough cost functions, the systemic cost would decrease because of 

having less of the cost associated with the simultaneous failure of banks. In fact, 

this phase transition in ��� occurs because of this initial increase in the systemic 

cost as D moves from 0 to 1 for any type of cost function. 

It is important to mention that the results do not depend on these particular 

parameters and by changing the parameters, including number of assets, number of 

banks, banks’ capital buffer, maximum percentage of interbank loans to total 

assets, and type of the function of percentage of interbank loans to total assets 

versus connectivity, the pattern of the results remains intact. Besides, the results are 

not because of this particular assets loss probability distribution. If the t-

distribution be swapped with another distribution like the normal distribution, the 

same type of results would be still achieved. 

 

6 Conclusion 
 

This paper extends Beale et al model in [5] to account not only for the 

correlated exposure to the same source of risk, but also for the direct exposure of 

banks in the interbank market. We found that the existence of interbank loans 

which could serve as a means of contagion makes certain levels of the regulator 

diversifying the banks individual diversification non optimum given a level of 

network connectivity for any type of systemic cost function. Also, thismoral for the 

banking system does not depend on the input parameters, including number of 

assets, number of banks, banks’ capital buffer, maximum percentage of interbank 

loans to total assets, and the type of the function of percentage of interbank loans to 

total assets versus connectivity. So, in fact, the regulator could let banks decrease 

their capital buffers when the system is moving away from the non-optimum area 

while the systemic cost still remains at its acceptable level. In other words, 
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regulator could further minimise his objective function, that is the total sum of all 

banks’ capital buffers, given the constraint of keeping the systemic cost at the 

acceptable level. 
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Appendix: 
Randomly generating X matrices with a specific diverse 

diversification parameter 
 
 
 

Here is the algorithm that we have devised to randomly generate X 

matrices with a specific diverse diversification parameter, D, given that the number 

of assets equals to the number of banks (M = N = n) or in other words, the X is a 

square matrix. At first, a seed point, consisted of n numbers, is randomly generated 

such that the sum of the n numbers equals to 1. When D = 0, all banks invest in the 
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same type of portfolio as the seed (in fact, they multiply the seed according to their 

total investment in the external assets). As D increases, banks make some 

perturbation to the seed and each one approaches a particular asset such that when 

D = 1, each bank has invested only in one asset (since all assets are assumed to be 

the same, it does not matter in which asset a bank specializes. For the perturbation, 

a vector made of n elements, all of which except one are negative and whose sum is 

0, is added to the seed as follows: 

 

 

 

 
 

Here  is the initial seed and  is the perturbation 

vector 

that for each bank is added to the initial seed as above. For such an X matrix, given 

that   

would be: 

 

 
So, by replacing 

 
 in equation A-1, there would be: 
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Therefore, n-1 random numbers are generated and after descendingly 

ordering are passed to ∈�,...∈� respectively and these ∈�, i ≥1 are normalized so as 

to satisfy equation A-2. Since short-selling is not allowed in this model, all the 

elements of X matrix should be non-negative and if it has not been the case, the 

above process is repeated until all the elements become non-negative. For large 

values of D, it is computationally better that the seed be closer to the seed 

weighting equally all the assets, so it may be better off that the seed feasible area 

become restricted to some extent corresponding to how large D is. 

 

 

 

II. Contagion in Financial Networks: A Random Graph Model 
 

We study the phenomenon of financial contagion in the banking system in 

relation to its role in liquidity creation. Contagion and the corresponding fragility 

of financial markets stems from the interconnections banks establish to protect 

themselves from liquidity shocks. We investigate how the structure of interbank 

connections is related to the contagion risk of defaults, given the exogenous default 

of a bank of set of banks. We study both the optimal design of networks that 

minimize contagion risk as well as how to optimally inject capital into such a 

network so as to reduce contagion risk. 

 

1 Preliminaries 
 

Financial institutions use the interbank market to develop relationships 

that protect them against liquidity risk, see [Kahn and Santos, 2005],[Cocco et al., 

2009]. Moreover, an intricate web of claims and obligations links the balance 

sheets of a wide variety of intermediaries, such as banks and hedge funds, into a 

network structure. Contagion and the corresponding fragility of financial markets 

stems from these interconnections. Indeed, [Cifuentes et al., 2005] stress the knock-

on effect of an initial default of a financial institution on asset prices can trigger 

further rounds of default as other financial entities are forced to write down the 

value of their assets. In this paper we study the phenomenon of financial contagion 

in the banking system with a particular focus on how the structure of liabilities 

between banks, and the size and cross-correlation across shocks in the system, 

relate to systemic risk. 
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As part of our investigation, we propose an alternative approach to 

gauging systemic risk based on explicit modeling of counterparty relationships 

between banks as a weighted graph. We show that our approach leads to regulatory 

leverage and capital requirements that are substantively different from those based 

on distribution-based risk measures. Based on recent empirical data on bank 

leverage ratios and the structure of interbank lending networks, we propose a 

model for such a graph and examine the stability of the financial market under a 

number of regulatory scenarios. This paper applies statistical methods from 

network theory to develop a general model of contagion in complex financial 

systems. Our framework explicitly accounts for the nature and scale of aggregate 

and idiosyncratic shocks, the complexity of network structure, and allows asset 

prices to interact with balance sheets. We also characterize conditions on 

idiosyncratic shocks, the value-at-risk of assets under management, and the 

underlying interbank network structures, under which contagion is submodular (as 

well as supermodular). 

 

2 Related Work 
 

Prior work on contagion examines mostly small network structures. [Allen 

and Gale, 2000] obtain results using a four-bank network, while [Freixas et al., 

2000] model a system with a simple hub-and-spoke structure. The generality of 

insights based on small networks with symmetric structures to real-world default 

contagion is debatable. Furthermore, the literature largely fails to distinguish the 

probability of contagious default from its potential impact. This paper examines 

contagion in the context of large-scale and heterogenous graph structures. 

Links between banks have two opposing effects on contagion. Increasing 

the number of links increases the opportunities for spreading liquidity shocks 

among counterparties, but also facilitates the ways through which contagion may 

spread. In a recent paper, [Gai and S.Kapadia, 2008] analyze how the network 

structure affects this trade-off. Using a random graph model in which links are 

formed randomly according to some distribution, they find that financial systems 

exhibit a robust-yet-fragile tendency: while greater connectivity reduces the 

likelihood of widespread default, the impact on the financial system, should 

problems occur, could be on a significantly larger scale than hitherto. We aim to 

extend this approach in several directions. 
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In the model proposed by [Gai and S.Kapadia, 2008], the total amount of 

assets and liabilities of a bank is kept fixed, irrespective of the network structure. 

Our model has no such requirement. In practice the amount of interbank assets and 

liabilities are related positively with the number of links. Intuitively, this 

correlation should hamper the risksharing benefit from forming links. Even if the 

relationship between asset and liability and the number of links is suficiently 

strong, one may suspect that dense networks are vulnerable to contagion. 

A second extension is to allow for heterogeneity in the size of 

interconnnected financial institutions. Once heterogeneity is introduced, a 

particularly important question is to assess the contagion risk initiated by a given 

bank. The dynamics of contagion is likely to be highly inuenced by the starting 

point, that is by which banks fail initially. This means that a measure of systematic 

risk based on the expected contagion size given an expected bank picked at random 

is crude and may be misleading. A better measure is to condition a systemic risk 

indicator on the initial failures. We do this and find that analysis is similar to the 

derivation of inuence sets from 'viral marketing' [Kempe et al., 2003]. In what 

follows, we very briey describe our model. 

 
3 The Model 
 

We describe a simple model in which financial institutions draw some 

risky revenues from their activities, are endowed with capital, and are linked 

through claims on each other. 

Consider n financial institutions, called banks for simplicity. A bank is 

endowed with some capital ei for all i ϵ V . Let 
i
z~ represent the (risky) revenue that 

i expects from its activities excluding the inter-banking relationships. From a 

balance sheet perspective, 
i
z~  is equal to the asset values (stocks + loans to 

consumers) minus the consumers' deposits. 

These banks are interconnected by their bilateral liabilities to each other, 

the union of which defines a liability network W = (V;E) in which V = {1, ..., n} is 

the set of banks, and E the set of links. 

Given W, ij
w  represents the magnitude of i's debt obligation toward j. 

Two banks that are not linked have no obligations toward each other: For (ij) not in 

E, wij = wji = 0. 
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The liability network, in its membership and makeup, are exogenous. Given 

the bank's endowment and the extent of its incoming and outgoing liabilities, the 

solvency condition for bank i when no bank defaults is: 

 

(1) 
 

In the event of i's default, all nodes for whom i is a creditor pay their 

debts. However, all nodes that are owed money by the defaulting node i receive 

nothing. That a defaulting node's creditors lose money can engender a default 

among these banks (which are neighbors). Defaults can then spread sequentially 

through the system: i.e. an exogenous failure at t = 0 at some bank travels through 

the network and, perhaps, to a significant number of banks. Indeed, we can have a 

contagion effect on defaults. The risk of contagion stems from idiosyncratic shocks 

(that knock out a bank in the first time step) as well as imperfect insurance (leading 

to defaults in subsequent time steps), i.e. depending on the cross-correlation or size 

of shocks across banks. 

In what follows, we consider the baseline scenario, in which there is no 

macro-economic factor. Dealing strictly with idiosyncratic shocks, the 
i
z~ are 

independent, shocks spread sequentially through the system: i.e. an exogenous 

failure at t = 0 at some bank travels through the network and, perhaps, to all other 

banks. 

Contagion We describe the process by which the default of some banks 

propagates in the market. From the point of view of i, the net value of capital less 

its interbank liabilities does not change overtime when contagion spreads: the value 
'

i
e  defined by 

'

i
e  = ∑−

j

iji we  

is unchanged throughout the process. Given that banks in D have failed, the 

solvency condition of bank i not in D is updated to: 

 

(2) 
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The right hand side is the sum of the liabilities to i stemming from the 

defaulted banks and which have been lost ( only i's neighbors in D matter for i). 

The process of contagion is described as follows. Given the realized values for the 

zi, we start with an initial set of active' nodes 0
D  = {i; for which (1) fails}. At time 

t, we update the solvency condition 

(2) by taking D = 1−T
D . The process stops at the step where T

D  does not change. 

This process fits in the class of 'threshold' models. The 
'

ii
ez +  is a (random) 

thresholdand the ij
w  is the inuence of j on i. A node not yet 'active' at step t 

becomes active in step t if the inuence of its neighbors in step t-1 is larger than its 

threshold, here if the sum of their liabilities, 

∑
∈Sj

ijw for node i is larger than the net asset 
'

ii
ez + . 

Initial Conditions Initially, the values are set so that the overall result of 

the bank satisfies a condition similar to a value at risk requirement. Specifically, 

the level of capital, 
i
e , and the interbank assets and liabilities are set so that the 

probability of default is smaller than a certain level, 1-α (α can be taken to be 

0:99% for example): 

 

 

Denoting by 
i

F the distribution for
i
z , this gives 

 

 
 

Observe that i's interbank assets, the∑
∈Sj

ijw , are not included in the 

computation of the risk. In other words, the value at risk is computed as if the risk 

only stems from 
i
z~ . An interesting extension is to account for the risk associated 

with the interbank relationships. In that case, the risk is endogenous: Given some 

priors 
i

F  on default, say associated to the 
i
z~ , assign capital levels ei. These levels 

in turn generate the risk of failure, hence a new distribution for the distribution of 

i's risk Fi, which depends on the ek chosen by other banks (neighbors or not). Such 
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a dynamics is affected by the information that banks have on others. We leave this 

point for further research. 

 

4 Measuring External Effects 
 

To account for the total loss on capital levels due to the failure of i, let us 

add to 
i
e  the expected loss over all banks triggered by i's default. Formally, 

denoting by ∞

D  the (random) final set of failed banked following i's default, we 

define: 

 

(3) 
 

The definition extends when i is replaced by a subset of initial defaulting 

nodes A = 
o

D  :→  Ext(A). 
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PART III. 

THE MANAGEMENT OF THE LIQUIDITY RISK   

IN THE ROMANIAN BANKING SECTOR 

 
Ioan TRENCA  

 

1. Introduction 
 

This paper analyze market risk behavior in periods characterized by 

extreme events and propose a liquidity model in order to quantify and manage the 

risk that arise from the trading book. The most used model for quantifying the 

market risk is Value at Risk (VaR) initiated by Jorion (1997), Dowd (1998), and 

Saunders (1999). Even though it replaced less standardized techniques such as 

Asset and Liability Management and Stress-testing, it lacks a rigorous treatment of 

liquidity risk. The liquidity risk has two main parts: funding liquidity risk and 

market liquidity risk. The first one has received the most attention from the banks 

for its significance. But, the market liquidity risk, described as the risk that a bank 

cannot easily offset or eliminate a position without significantly affecting the 

market price because of inadequate market depth or market disruption (ECB, 2002) 

has gained more attention in the latest years.  

A problem of the VaR models is that they don’t take account of market 

liquidity risk, because they assume that the positions (currency rates, interest rates, 

stock index values, option volatilities) could be sold at a fixed market place, the 

midpoint quote, within a fixed period time (Laorence and Robinson, 1995). There 

are many studies in the related literature of incorporating market liquidity risk n the 

VaR models. Almgren and Chriss (2000) and Bangia et al (1999) proposed a 

dependent model strategy. Dubil (2001) proposed a model for determining optimal 

liquidation periods for different assets. Shamroukh (2000) highlight that scaling the 

holding period to account for orderly liquidation can only be justified if the holding 

period actually represents the liquidation period. Jarrow and Subramanian (1997) 

proposed a liquidity adjusted VaR measure that incorporates the liquidity discount, 

volatility of liquidity discount and the volatility of time horizon to liquidation, 

considering the effect of trade size and execution lag on the liquidation value of the 

portfolio. 

In this article we present a framework for incorporating the liquidity risk 

into the VaR models. Section 2 presents the Value at Risk methodology, in 
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accordance with the Basel II requirements. Section 3 describes the Liquidity at 

Risk methodology and reviews the techniques used to model the distribution of the 

returns. In section 4 is presented a case study which models the daily bid-ask 

spread for three important banks from the Romanian banking system, listed on the 

Bucharest Stock Exchange and section 5 concludes. 

 

2. The Value at Risk methodology 
 

Financial institutions have developed models for quantifying, comparing 

and aggregating the risk connected with different positions and portfolios. One of 

the most used methods is Value at Risk, which is defined as the expected maximum 

loss of a portfolio over some time period and for some level of probability. From a 

statistical point of view, VaR entails the estimation of the quantile of the returns’ 

distribution. In other words, Value at Risk is the probability that returns or losses (

ξ ) are smaller than –VaR over a period of time (T): 

( ) ∫
−

∞−

⋅⋅=−<=

VaR

TVaR
dPVaRPP ξξξ  (1), 

where 
T
P  is the probability distribution of returns over the time horizon T. 

 

For a 99% confidence level the worst value is: 
[ ]

tt
rE

t
ePP

σ33.2)(

%99

−

⋅=  (2), 

where E(rt) and 
2

t
σ are the first two moments of the asset returns’ distribution. 

 

In order to compute the VaR for a portfolio first we have to mark-to-market 

the portfolio and then to estimate the distribution of the portfolio’s returns, which is 

a very challenging statistical problem. When the returns are normal, which is very 

rarely in practice, it is used the variance-covariance approach. When risk is 

recurrent VaR can be estimated by using historical time series and for new 

situations it should be modeled through EWMA and GARCH models. When risk is 

sensitive to rare events it is preferred the Extreme Value Theory. The main 

limitation of the VaR methodology is that the assumption of normal distribution 

can lead to large underestimation of the probability of extreme events, which 

affects the capital requirements. Also, the estimated distribution tends to fit central 

observations, while falling in fitting the extreme observations. The accuracy of 

VaR depends on how well the underlying markets have been simulated and how 
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well each security has been modeled. Recent studies propose to analyze only the 

distribution of extreme returns, instead of describing the behavior of all of the 

returns (Ferreira and Lopez, 2004; Burns, 2002; Rombouts and Verbeek, 2004). 

Related to these studies is the EVT, introduced in finance by Embrechts (1997), 

although the basics were initiated by Fisher and Tippett (1928) when proposing the 

Generalized Extreme Value (GEV) distribution. The modeling of the financial 

variables through EVT was also studied by McNeil and Frail (2000), by Danielsson 

and De Vries (1997) which computed a model for calculating the VaR, taking into 

account the inconsistency of extreme values and by Huisman et al. (1997) which 

proposed a new estimator for the tail index. 

 

3. The Liquidity at Risk methodology 
 

Banks should possess a funding liquidity contingency plan in order to 

prevent insolvency, pass through stressful situations and maintain their reputation 

and credit rating. From all the proposed definitions of funding liquidity and market 

liquidity the next two ones are promising. Funding liquidity is the ability of a bank 

to maintain a prospective equilibrium between cash inflows and outflows, ensuring 

appropriate coverage of payments on the bank’s liabilities (Erzegovesi, 2002). 

Market liquidity is the discounted expected price concession required for an 

immediate transformation of an asset into cash or cash into an asset under a specific 

trading strategy (Neuman and Demsetz, 1968). Jarrow and Subramanian (1997) 

consider the effect of trade size and execution lag on the liquidation value of the 

portfolio, proposing a liquidity adjusted VaR that incorporates the volatility of 

liquidity discount. 

In order to incorporate the liquidity risk into the VaR models we would 

make an assumption that in stressed market conditions extreme events in returns 

and extreme events in spreads happen concurrently. So, in calculating liquidity-risk 

adjusted VaR we incorporate both a 99th percentile movement in the underlying 

and a 99th percentile movement in the spread: 

 

( )[ ]σσ ~

2

1)33.2(

%99 aSPePP
tt

t

+−⋅=
−

 (3) 

Assuming that the expected return E(rt) is zero, that the Liquidity at Risk 

can be written as follows: 
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( ) ( )[ ]σθσ ~

2

1
1

)33.2(
aSPePVaRLaR

tt

t

++−⋅=−
−

 (4) 

where 
T

S  is the relative medium spread ((Ask-Bid)/Mid) over the time horizon T, 

σ
~  is the volatility of the medium spread and a is the scaling factor, a multiple of 

the spread volatility, in order to achieve 99% probability coverage and θ is a 

correction factor that take into account the fat-tailed distribution. 

 

4. Empirical study: analyzing the market risk and the liquidity risk in 
the Romanian banking system 

 

In order do determine the VaR and the LaR we have modeled the daily data 

of the stock prices for three important banks in the Romanian banking system, 

listed on the stock exchange: Erste Bank (EBS), BRD Group Societe Generale 

(BRD) and Transilvania Bank (TLV), from 01.01.2007 to 31.03.2010. The 

observations of the closing price, bid and ask spread, are available on a period 

longer than that we took in consideration, but we have considered that the recent 

observations provides a better estimation on the risk of the portfolio. Also, we 

divided the data into two samples: the first sample is from 01.01.2007 to 

31.08.2009 representing the “pre crisis” period and the second sample is from 

01.09.2009 to 31.03.2010 representing the “post crisis” period. 

The daily rentabilities were determined by logarithmation of the series of 

closing prices and present a lot of extreme variations that took place on the stock 

exchange market. Applying the Jarque Berra Test we will observe that the normal 

hypothesis is rejected. The distributions are leptokurtic, more sharpen than the 

normal ones, for all of the samples, a fact shown by the kurtosis coefficient. 

Analyzing the skewness coefficient we will observe that the distributions are 

shifted to the left, compared with the normal distribution. Applying the ADF and 

the Philipe-Peron tests it will be observed that the series composed of the closing 

prices values have one unit roots, which means that it is needed a first order 

differentiation in order to become stationary.  

 

Table 1: The moments of the distributions  

 
EBS 

sample I 

EBS 

sample II 

BRD 

sample I 

BRD 

sample II 

TLV 

sample I 

TLV 

sample II 

Observations 265 323 403 323 403 323 

Mean   - - - - -  0.001543 
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0.000359 0.000202 0.000136 0.000241 0.001671 

Median 
 

0.000080 

 

0.000000  0.000000  0.000000  0.000000  0.000000 

Maximum 
 

0.051403 

 

00.51403  0.113482  0.139762  0.062160  1.434721 

Minimum 
-

0.369786 

-

0.468803 

-

0.099820 

-

0.158523 

-

0.501279 

-

0.501279 

Std. Dev.   
 

0.037123 

 

0.060703  0.017438  0.027437  0.025827  0.060477 

Skewness 
 -

0.975164 

 -

0.784071 

-

0.057078 

-

0.565357 

-

11.15595  17.00904 

Kurtosis 
 

98.41873 

 

54.69923  9.606578  11.33078  200.8467  427.6909 

Jarque-Bera 
 

342687.5 

 

30483.70 

 1366.191 2211.710  1240438  5680052 

Probability 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 

 

According to all these factors, the distribution of the rentabilities presents 

fat tails, which correspond to the extreme variations that took place on the money 

market. Using the historical simulation method can lead to an overestimation of 

VaR, especially that the method describes the maximum expected loss. Here 

appears the “volatility clustering” phenomena, which can be remedied by the 

heteroscedasticity models GARCH. 

In order to eliminate the linear structure we propose some ARMA models 

studying the residuals’ correlogram, for which the AIC and BIC criterions are 

minimum. In the pre-crisis period we found ARMA(7) for EBS, ARMA(3) for 

BRD and ARMA(4) for TLV and in the post-crisis period we found ARMA(5) for 

EBS, ARMA(6) for BRD and ARMA(7) for TLV. The remained residuals have a 

non-linear structure which was detected by the BDS test elaborated in 1987 by 

Brock, Dechert and Scheinkman, in order to check the stochastic non-linearity. The 

BDS test’s values are strong, which sustains the rejection of the normal hypothesis. 

This tendency reflects a degree of heteroscedasticity, which means that the present 

volatility depends on the previous volatility. Unless the data is filtered, this 

dependence will undermine the value of VaR. In order to eliminate the correlation 

between residuals we had to find some GARCH models. The best models identified 

were: GARCH(2,3) for EBS, TGARCH for BRD, GARCH(2,4) for TLV in the 
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pre-crisis period and GARCH(1,2) for EBS, GARCH(2,3) for BRD, GARCH(3,4) 

for TLV in the post-crisis period. 

In order to calculate the banks’ exposure to liquidity and market risk, we 

have incorporated the liquidity components into the VaR approach. It is observed 

that during the financial crisis the liquidity component has a higher contribution in 

the level of VaR. The results for the two samples taken into consideration are the 

following: 

 

Table 2: Market and liquidity risk for the pre-crisis period 
 EBS BRD TLV 

Price on 31.08.2009 144.10 12.5 0.288 

Return volatility (
t
σ ) 0.037123 0.060703 0.017438 

Fat tail factor (θ) 1.2 1.3 1.25 

Market component (VaR) 

( ))33.2(
1 teP

t

θσ−

−⋅  
4.3796 2.5634 0.0937 

Liquidity component of 

(LaR) ( )[ ]σ~
2

1
aSP

t
+  

0.0816 0.1043 0.0034 

Total Adjusted Value at 

Risk 
4.4612 2.6677 0.0971 

% of liquidity component 1.8291% 3.9097% 3.5015% 

 

 

Table3: Market and liquidity risk for the post-crisis period 
 EBS BRD TLV 

Price on 31.03.2010 125.10 15.6 2.31 

Return volatility (
t
σ ) 0.027437 0.025827 0.060477 

Fat tail factor (θ) 1.4 1.65 1.55 

Market component (VaR) 

( ))33.2(
1 teP

t

θσ−

−⋅  
4.9872 3.0105 0.1032 

Liquidity component of 

(LaR) ( )[ ]σ~
2

1
aSP

t
+  

0.1207 0.2032 0.0048 

Total Adjusted Value at 5.1079 3.2137 0.108 
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Risk 

% of liquidity component 2.3630% 6.3229% 4.4444% 

 

In order to test the post efficiency of the methodologies we have used the 

back-testing, by simulating the stress scenarios for the least 245 days. We have 

applied the quadratic loss function approach, calculating how many times the VaR 

has been exceeded. The results are presented below: 

 

 
 

Table 4: Backtesting results for the market portfolio with and without 
liquidity risk 

 Pre-crisis Post-crisis 

Exceptions from of 

VaR99% 
Market risk 

Market risk 

& Liquidity 

risk 

Market risk 

Market risk 

& Liquidity 

risk 

EBS 4 3 6 4 

BRD 6 4 6 4 

TLV 5 2 5 3 

 

The best methods, which are in the minimum risk zone (which means that 

VaR has been exceeded for no more that 4 times), are those that take into 

consideration the market liquidity risk. The other models that count only the bank’s 

exposure to the market risk are in the medium safety zone (from 5 to 9 violations of 

VaR), which means that the banks need more capital allocation in order to satisfy 

the Basel II Accord requirements. 

 

5. Conclusion 
 

We confirmed our hypothesis that only advanced VaR models that 

incorporate the liquidity risk (LaR) could adequately measure exposure of the bank 

to market risk and satisfy the BCBS criteria in periods characterized by extreme 

events. Also, in forecasting VaR for exposures in crisis periods it should be used a 

shorter sample of data, the most recent one, in order to capture the large 

movements on the market. With regard to accuracy, the risk managers should be 
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concerned with whether the model’s ex-post performance is compatible with the 

theoretically desired level, applying permanently back-testing criteria. 
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PART B – APPLICATION 

 

PART IV. 

ECONOMIC AND FINANCIAL INDICATORS  

OF THE COMPANIES 

 
 
 
 

IV.1. SHOCK TRANSMISSION CHANNELS IN THE 

BIHOR-HAJDU BIHOR REGION 

 
 
 

1. Conceptual demarcation regarding financial crises and the contagion 
effect  

 
1.1. Financial crises  

 
 Crises are defined as situations in which economic difficulties make their 
presence felt, these situations are characterized by strong instability, a growing 
uncertainty and volatility in most markets which operate at national or world level 
(capital markets, exchange market, petrol market, labor market).  

Etymologically, the term “crisis” draws its origin in the old Greek, the verb 
“krinein” having the meaning of judging, deciding, and the Greek term „krisis” 
indicates a situation which requires the taking of a decision.   
 Contemporary society is faced with a crisis that occurs in all fields:  world 
crisis, economic crisis, financial crisis, market crisis, authority crisis, employment 
crisis, geo-political crisis, moral crisis, political crisis.    
Given the current scope of the crisis and the impact produced, Friedman1’s 
conception is justified, according to which, the crisis has a strong psychological 
scope, because the crisis, no matter its form, produces a feeling of insecurity, of 

                                                           
1 Friedman, M., Friedman R., Libertatea de a alege. O declaraţie personală. Cap 3: Anatomia Crizei, 

(Publica 2009), 111 -136 
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anxiety, which forces us to embrace a specific decision in agreement with the 
cognitive capacity we have. 
 Mishkin2, in his work „Anatomy of a financial crisis”, defined this 
phenomenon as the situation in which adverse selection and moral hazard are 
stressed, markets are no longer able to channel their resources to the most 
productive investment opportunities, while Mitroff et all3 state that crisis is an 
event with low possibility to occur, but with high impact for society.  
From a different perspective, according to the theory of financial instability by 
economist Hyman Minsky, financial crises are predictable. This sequence of events 
that portend crisis has also been approached by Charles Kindelberger (1978), who, 
in studying the crisis, notes that for historians, each event is unique.   
            However, economists argue that the forces in society and in nature act 
continually. History is private, but economy is general4. First sign that can tell of a 
coming economic crisis is an external impact on the economy of a country, an 
impact which may be a natural calamity that greatly compromises crops, or 
conversely, a very rich crop, a major conflict-kind of situation that may lead to a 
war. This strong external factor produces an increase in the profit chances in one of 
the major sectors of economy, also attracting major sources of financing and 
reduces opportunities for other sectors. The investment fever is powered by the 
facilitation of conditions for the grant of credits, as well as the attraction of 
personal and company funds, when a „vicious circle” opens. Thus, increases occur 
in the prices of the goods and assets required by the market, overestimation 
appears, speculation impulse increases, as well as disregard for rules of rational 
behavior in investment. Then, in the next phase, a part of the potential investors 
find the market saturation and more and more of them want to sell their 
overestimated goods, which trigger a drop in prices. The event that announces 
danger and creates panic can be the failure of a bank or the bankruptcy of a 
corporation. After the debut of crisis in investments, a credit crisis follows, caused 
by the fact that banks no longer want to grant credits.  Bankruptcies are chain-
triggered, while the economy may enter into recession or even into economic 
depression5.  
 A broader definition is that given by National Bureau of Economic 
Research (NBER), according to which, the crisis is a significant drop of economic 
activity, for a period of a few month, reflecting in the decrease of GDP, the 

                                                           
2 Miskin F.,Anatomy of a financial crisis, (NBER Working Paper Series, 1991, no. 3934  
3 Mitroff I., Pauchant, T.C.,  Shrivastava, P., Conceptual and empirical issues in the development of 

a general theory of crisis management, (Technological Forecasting and Social Change, vol 33, 1988, 

pp 83 - 107  
4 Kindelberger C., Manias, panics, and crashes. New York: Basic Books, 1978, p 14 
5 Badea L., Impactul crizei financiare asupra pieţei de capital din România în context european, 

Revista Economie Teoretică şi Aplicată, Volumul XIX (2012), No. 3(568), pp. 26-39; 
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decrease in individual income, reduction of occupation level, reduction in industrial 
production and implicitly, in consumption.  
           The question is, how much does the GDP of a country need to drop, in order 
to say that the country is in crisis, with how many figures does inflation need to be 
expressed in order to say the same thing, or how high does the inflation need to be?  
Conventionally, it has been established that recession is when, after two successive 
quarters, we are dealing with a drop in the GDP of a country or region, and from a 
different perspective, if the economy of a country records a drop in GDP for three 
years in a row, and the drop is greater than 9 %, then it may be asserted that the 
country in question has entered into crisis. 
 The issue of crises has been studied by many authors and various 
classifications have been made. In 2005, the Japanese author Yoichiro  Ishihara6 
presented, according to specialized literature, five types of crisis: 
� The crisis of external payment account defined as the situation in which a 

sudden change of official monetary reserves occurs, caused by the 
expectation of a future exchange rate depreciation  (Krugman and Obstfeld 
1997) or a sudden drop of international reserve, without suggesting an 
objective criterion for characterizing this drop as being a crisis (Kaminsky 
and Reinhart, 1998); 
� The bank liquidity crisis is defined as the period in which an important 

part of the banking sector lacks liquidities and becomes insolvable 
(Kumar, Masson and Miller, 2000; Demirguc-Kunt and others, 2000; 
Gupta, 2000). 
� The monetary crisis is defined as the period in which a sudden 

depreciation of exchange rate occurs due to the increase of demand in 
currency and due to inflationary pressure, with the depreciation, in 
nominal terms, being greater than 25% in the past year, or the situation in 
which a strong deviation from the estimate rate, occurs (Glick and 
Hutchison, 1999; Frank and Rose, 1996; Goldfain and Gupta, 1999)  
� The foreign debt crisis is defined as the situation in which a country 

cannot pay its foreign debt – credits and related interests - in due time 
(Dornbusch, 1989). But it should be kept in mind that temporary official 
suspension of payments of foreign debt does not mean that that country is 
incapable of payment (Mexico has temporarily suspended the payment of 
its foreign debt in 1982, Brazil in 1999 and Argentina in 2002). From a 
different perspective of authors Detragiache and Spilimbergo (2001), the 
foreign debt crisis may be one of the following situations:  the situation in 

                                                           
6 Yoichiro Ishihara, Quantitative Analysis of Crisis: Crisis Identification and Causality, disponibil 

on line la http://www.google.ro/books?hl=ro&lr=&id=2Fi-

jarjNWUC&oi=fnd&pg=PA2&dq=2005+Ishihara+Crisis+classification&ots=BmsbK0yRir&sig=04

lKntMc-dhCoklkZCrA1TbJcbE&redir_esc=y#v=onepage&q&f=false, accesat la 15.01.2013 
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which foreign debt (main credit and the value of the interest concerned) 
which can no longer be passed on to commercial creditors (banks or the 
bond holders) exceeds 5% of the total foreign debt; the situation in which 
a country requests the rescheduling of payments or debt restructuring 
(moratorium of foreign debt).      
� The financial crisis is more and more frequent after 1990, but there is no 

unitary point of view as regards the definition, in spite of all the studies on 
the topic (Mishkin, 1997; Caprio, 1998; Aziz and other, 2000; Sachs and 
Woo, 2000). Some think that the financial crisis is a combination of 
various types of crisis which can be grouped into three broad categories, 
namely:  currency crisis, bank liquidity crisis and foreign debt crisis. 
From another point of view, the financial crisis is defined as a situation in 
which there are severe disturbances on the financial markets, which may 
cause adverse effects on the real economy. The financial crisis is 
characterized by sudden and significant changes in the inflows and 
outflows of capital from one year to the next. Essentially, financial crises 
have the effect of diminishing investors’ confidence in the financial 
system, the repatriation of capital in the country of origin, the fall in 
transactions on the stock exchange, pressure on the exchange rate. 

Another classification of crises is the following, according to (Steve D’Arcy 
2008)7 and (Slavica Manic 2009)8: 
� Circumstantial crisis caused by external shocks, such as an increase in 

prices on international markets and imbalances in the national economies. 
The strategy to combat such a crisis is at the discretion of governments and 
is different from one country to another, but even in the absence of 
measures decided on by authorities, the economy is fast enough to recover 
by itself and to respond to negative external circumstances. 
� Structural crisis, which is much more serious and is generated by the lack 

adaptation of production to international circumstances.  These crises have 
a more extended impact and produce adverse effects on external payments 
account. 
� Systemic crisis, which is the greatest threat, the situation in which an 

economy is faced with various problems which have not resolved only at 
the level of existing production systems and which requires that the whole 
system in which an economy is engaged, be reformed.  

                                                           
7 D Arcy S., The financial crisis, available on line at http://www.zcommunications.org/the-financial-

crisis-by-steve-darcy, accessed on 15.01.2013 
8 Manic S., Economic Crisis, Its Prospects and Challenges for Economic Theory, Scientific Bulletin 

– Economic Series, vol 8, available on line at 

http://economic.upit.ro/repec/pdf/F10_Slavica_Manic.pdf,  accessed on 15.01.2013 
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The factors that trigger crises, regardless of their nature, may be multiple, 
but can be simply summarized: it is not capitalism, excessive liberalism or market 
mechanisms that generate crises, but the state is the one who, through its central 
banks, distort an important resource of the economy (which is also limited) – 
capital – through uncontrolled monetary emission and through the lack of real 
emission control mechanisms (the gold standard was very efficient because the 
chemical formula of this precious metal has not been found)9.  
 Starting with 1987, the world economy and the international financial 
markets have been confronted with a series of crises, such as the American 1987 
stock crisis also known as „Black Monday”, the Mexican 1994 crisis, the 1997 
Asian crises (debuted in Thailand in July 1997), the Russian 1998 financial crisis, 
the Argentinean 2001 financial crisis, the American 2007 financial crisis, which is 
still on-going. No matter the type of crisis suffered by a country or another, the 
common point is that a dramatic event in the market of a country, will affect other 
economies as well.  

The phenomenon of crisis spread from one economy to another, is 
mentioned in the specialized literature as “contagion effect”, term recently taken 
from medical language vocabulary.  
 

1. 2. Financial contagion and its effects 

 
Economists’ interest for the financial contagion phenomenon has developed 

in the second half of 90s, when the effects of spread of the crisis from one 
emerging country to another have started to be more and more obvious, these 
situations having disastrous effects on the welfare of people, in a very short period 
of time.  The phenomenon is compared to a disease quickly affecting one’s health, 
crises negatively affecting the health of various economic entities, of various 
sectors of a national economy or of various states. We should nevertheless note that 
the term “contagion” has also been used by economists with other meanings 
reflecting the following situations10: the spread of strikes throughout the world 
(Price 1890, p. 425; Mavor 1891, p. 205), the spread of requests by unions for 
salary increases (Ulman 1955, p. 397), the spread of business fluctuations in the 
economy (Mack and Zarnowitz 1958, p. 18), the spread of technologies and 
increases between countries (Findlay 1978, p. 3; Baumol 1994), the spread of 
speculative transactions by natural persons (Murchison 1933, p. 75; White 1940).   
 In the recent specialized literature, the concept is used to describe the 
impact of a financial crisis in a country on another country.  

                                                           
9 Păun C., Cauzele, propagarea şi efectele crizelor într-o lume din ce în ce mai globalizată, Sfera 

Politicii Magazine,  no. 148/2010 
10 Moser Th., What is International Financial Contagion, International Finances, International 

Finance 6:2, 2003: pp. 157–178 
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 Thus, the inevitable question arises: what is contagion? 
From the point of view of authors Eichengreen and Rose (1998), Kaminsky and 
Reinhart (1999), the contagion effect involves the way in which information 
regarding the existence of crisis in a country, increases the possibility of the crisis 
occurring locally. Other authors such as MacMahon and Trichopoulos (1996), 
Gertsman (1998) and Edwards (1999), define contagion as the situation in which 
the magnitude and the scope of shocks transmission on world level, go beyond 
market operators’ expectations. Forbes and Rigobon (2002) define contagion as the 
significant surge in connections between the various markets as a consequence of 
shocks suffered by a country or a group of countries.   
 There are numerous studies regarding financial contagion in the recent 
specialized literature, among which, the studies of: Masson (1998, 1999), Allen and 
Gale (2000), Kyle and Xiong (2001), Kiyotaki and Moore (2002), Moser, 
Kaminsky, Reinhart and Vedh (2003), Piarulli (2004), Brunnermeier and Pederen 
(2005, 2009), (Pesaran and Rick, 2005), Adrian and Shin (2008), Naoui and others 
(2010). These studies identify various types of contagion, i.e.: 
� The monsoon contagion effect is caused by the existence of a world 

imbalance, several countries being simultaneously impacted by crises 
caused by a common shock; (all countries connected to the world economy 
may be affected). There are numerous examples for this type of contagion: 
the contagion caused by the oil crises of 1973 and 1979, the increase of 
interests in Germany in the context of the ERM crisis (1992), the increase 
of interest rates in the US following the Mexican 1994 crisis.   
� The “spillover”11 contagion effect highlights the interdependence of 

countries. In this situation, the crisis which strikes a country can produce 
significant effects on the macro-economic foundations of neighboring 
countries, countries between which commercial and financial transactions 
are in force. This type of contagion was found in the Mexican 1994 crisis, 
which caused negative impact on several Latin-American countries; the 
strong depreciation of the Japanese currency against the American dollar in 
1995 that later triggered the Thai crisis in 1997, crisis which then affected 
other countries in the South-East Asia; the “subprime” crisis of the US 
credit market in 2007.  
� The pure contagion effect, described by Forbes and Rigobone (2000) as 

that crisis which cannot be justified by economic connections, but which 
produces panic movements due to the fact that investors withdraw funds 
from several countries as consequence to the crisis in a single country.  

                                                           
11 Naoui K., Liouane N., Brahim S., A Dynamic Conditional Correlation Analysis of Financial 

Contagion: The Case of the Subprime Credit Crisis, International Journal of Economics and Finance 

Vol. 2, No. 3; August 2010 
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� The “residual” contagion effect is the situation in which the change of 
economic situation in various countries, go beyond the expectations of 
market operators, changes generated by the correlations between a country 
and the world economy or between a country and other countries.  
� The volatility contagion or “domino” effect is the contagion occurring 

mainly on capital markets (spread of increasing volatility), situation in 
which the risk on the capital market is spread to other capital markets.  

 
2. Channels of transmission of financial crisis to economic crisis 
between Romania and Hungary (Bihor-Hajdu Bihor region) 

 
           Over time, the specialized literature focusing on financial contagion, has 
examined how the shocks that appear on a financial market, or on the participants 
in a given market, are transmitted to other markets, or to other participants. 
          Thus, according to Kodres and Pritsker (1999), there are four separated 
channels of transmission of contagion on financial markets12. The first and the most 
intuitive, is the related information channel. The idea of this channel is that, if there 
are common macro-economic influences that determine the value of assets in more 
than one country, then the real connection determines the financial markets to be 
connected. More precisely, if a real negative shock, noticeable to the public in 
country i13 and through real connections, the shock is transmitted to the real sector 
in country j14, then the financial markets in country i and country j will respond to 
real shocks (Figure no.1). 
 
Figure no.1:  
Contagion related information channel in the case where shock is noticeable to 
the public and is transmitted in country j, because it affects a part of real 
sector of country i which is not related to the real sector of country j 
 

 

                                                           
12 Kodres, L.E., and M. Pritsker, “A Rational Expectations Model of Financial Contagion,” FEDS 

Working Paper 1998-48, The Federal Reserve Board, 1999. 
13 Vom considera ţara i  România 
14 Vom considera ţara j Ungaria 
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Source: Pritsker, Matt (2001), ‘The Channels for Financial Contagion’, in S. 

Claessens and K. Forbes (eds), International Financial Contagion, Boston, MA: 

Kluwer Academic Publishers, 67–97. 

 
           Of course, country i may experience several types of real shocks. Some real 
shocks noticeable to the public will affect country i and its equity market, but they 
will not be transmitted to the real sector of country j or the equity market in country 
j. This possibility is illustrated in panel B. The failure in the transmission of real 
shock from country i to the real sector in country j and on its financial market, is 
shown in shaded lies in panel B.  
 
Figure no.2:  
Contagion related information channel in the case where shock is noticeable to 
the public and is transmitted in country j, because it affects a part of real 
sector of country i which is not related to the real sector of country j 
 

 
Source: Pritsker, Matt (2001), ‘The Channels for Financial Contagion’, in S. 

Claessens and K. Forbes (eds), International Financial Contagion, Boston, MA: 

Kluwer Academic Publishers, 67–97. 

 
We note that the model of shock spread in panels A and B was drawn up in 

the event that real shocks in the public sector are noticeable.  
Due to this possibility of being noticeable, shocks in the real sector of 

country i which directly affect the real sector of country j, will fully be reflected on 
both countries’ financial markets, and shocks in country i that do not have any 
impact on the real sector of country j, will not be reflected on the prices on 
financial market j.  
            In case of public imperfect information, the image is different. We assume, 
for instance, the fact that real shocks in i are not noticeable by the public, but are 
particularly noticeable in some of the participants in country i’s financial markets. 
Then, a real negative shock in country i will decrease prices on financial market i, 
but market participants will not be able to know if the drop in prices on market i 
reflects information that is relevant to market j. But due to the possibility of 
information being relevant, a drop in prices on market i may lead to a drop in prices 
in market j.  
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The contagion channels in figure 3 are related information channels15. In 
their case, the information transactioned by market participants in country i, could 
be relevant for country j, that is, the information regarding trade in country i, is 
unconditionally related to the value of real assets in country j. The related 
information channels have been studied by King and Adhani W (1990). 
 

Figure no.3:  
Contagion related information channel in the case where the shock is of the 
type presented in Figure 1 and 2 , but is only partially visible to the 
participants on market i 

 
Source: Pritsker, Matt (2001), ‘The Channels for Financial Contagion’, in S. 

Claessens and K. Forbes (eds), International Financial Contagion, Boston, MA: 

Kluwer Academic Publishers, 67–97. 

 
An essential feature of financial markets contagion through related 

information when information asymmetry exists, is that a real shock in country i, 
which would have no impact on country j if shock was visible to the public, may 
have an impact on financial markets and the real sector in country j if the shock is 
not visible to the public (Figure no.3). In other words, when information 
asymmetry exists, a shock in country i may have real impact on country j, impact 
which can be excessive in regards to country j’s comprehensive information of the 
macro-economic foundations.  

Thus, contagion through a related information channel is in accordance with 
the notions of contagion due to movements in pricing, which are relatively 
excessive to fundamental information.  However, participants of the market are 
rational in this channel.  In addition, the most direct institutional change which 
could be suggested in this channel is a better public information regarding the 
existing assets in the countries i and j, as well as attempts to reduce information 
asymmetries, probably through internal transactions restrictions.  

Although related information, as used here, represents shocks transmitted 
through financial markets, because of the possibility of existence of real 

                                                           
15 King, M.A., andS. Wadhani, “Transmission of Volatility between Stock Markets,” Review of 

Financial Studies, Vol 3, No. 1, (1990): 5-33. 
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connections, it should also be highlighted the fact that governmental policies may 
introduce, by mistake, potential real connections where they did not exist before.  

On the related information channel, the contagion of financial markets 
occurs because of real connection between countries.  Other contagion channels 
involve participants on the financial market (such as banks) to respond to a shock, 
which affects them by the rebalancing of markets, such as the transmission of the 
shock. There are several various reasons why financial markets participants could 
rebalance markets.  

Kodres and Pritsker (1999) present a model in which it is possible to 
produce contagion through the related information channel, but it can also occur 
through the rebalancing of market participants.  They associate various motivations 
for rebalancing with various types of contagion on financial markets.  

In the event that a participant on financial markets suffers an idiosyncratic 
shock that forces him to liquidate its portfolio and does it in a series of markets, 
this may be a related liquidity shock.  

Beside the last channel of contagion of financial markets, is the cross-
rebalancing of markets, set forth by Kodres and Pritsker (1999) in their previous 
works, as hedging cross-market. The hedging cross-market is the contagion 
channel which has been used to describe the problem of contamination on the basis 
of empirical tests in the beginning.  

Contagion occurs through the markets cross-balancing channels, as 
investors respond to shocks by readjusting their cover against macro-economic 
risks.  Kodres and Pritsker (1999) show that the cross-balancing of markets can 
transmit shocks between the two countries whose economy does not have macro-
economic risk factors in common, providing that both countries have common risk 
factors with a third-party country.  

The last channel through which contagion may occur is the one caused by 
fortune shocks.  In the event that an investor suffers such a shock on his fortune, an 
optimum choice might be to change the structure of their portfolio’s type.  For 
example, investors with relatively low aversion toward risk, may choose as 
optimum choice, to transform their portfolios in less risky assets.  

This behavior can cause contagion, which is equivalent to a related liquidity 
shock.  The main difference is that investors affected by fortune shock choose to 
liquidate, while investors affected by the related liquidity shock, are forced to 
liquidate. 
 

3. Conclusions 
 

The channels through which a country (Romania) or market spreads into 
another country (Hungary) or markets, are not well known. Some might interpret 
the difficulties in explaining the spread of shock as proof that markets are 
irrational.  While the irrationality of the financial market is a possibility, we 



210 

 

interpret our failure to help explain the spread, as proof that more channel of 
transmission must be theoretically modeled and empirically tested. 

We have presented the separated channels through which real shocks are 
transmitted between Romania and Hungary from one country to another.  They 
involve contagion through real connections, contagion through a common creditor, 
contagion through financial markets, contagion through financial institutions, as 
well as contagion through the interaction between financial institutions and 
financial markets. 
 

None of these contamination channels require irrationality for shocks to be 
transmitted. However, because market imperfections involve information 
asymmetries, movements of prices taking place in a market or country, as a 
consequence of contagion elsewhere, it can sometimes be relatively excessive as 
regards fundamental information. This shows that, the more the population is 
informed, the better the functionality of the market, leading to the reduction of the 
contagion.  
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IV. 2. THE MAIN INDICATORS OF EARLY WARNING 
IN THE CONTAGION PHENOMENON 

 
 

1. Introduction 
 

The European economy has been strongly marked in the past few years by 
the world financial crisis and which has had a strong contagion effect, stamping all 
national economies. It started in 2007 as a financial crisis, influenced by the 
financial markets, then it turned, in the years 2010-2011 (Christiano, Gust, Roldos, 
2004) into a sovereign debt crisis, leaving few efficient ways of intervention to 
national economies.  A relatively new topic in economics, treated as from the end 
of 1990s and constantly present in scientific research in the years 2000 (Edwards, 
2000), the financial contagion has earned its place in the spotlight of contemporary 
financial research, starting with the Asian crisis from the years 1997-1998 (Hunter, 
Kaufman, and Krueger 1999) and especially with the current Global Financial 
Crisis. 

This article’s central objective is the identification of the main indicators of 
early warning in the financial contagion phenomenon, as well as reviewing the 
most significant theories relating to the financial contagion we found in the 
financial literature.  Thus, in our research, we started off with the definition of the 
term of “contagion”, searching for the right meaning for the concept of financial 
contagion, then we turned our attention to the understanding of the financial 
contagion phenomenon’s nature, then later we tried a grouping of theories on the 
financial contagion found in the literature studied.  A special place in our study is 
taken by the section which includes the early warning indicators in the financial 
contagion phenomenon. These economic-financial analysis micro-economic 
indicators proposed by us can be part of a system of early warning financial 
contagion phenomenon occurrence applied to undertakings located in the Bihor-
Hajdu Bihar region.  Thus, various models of early warning have been analyzed 
and tested. 
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2. What is the financial contagion? 
 

Among the most interesting but also complex topics of research and 
investigation in the literature of the past two decades, are the concept and the 
phenomenon of financial contagion. 

Claessens S. and Forbes K. (2004) started off, in their research, by defining 
the term of “contagion”. According to the American Heritage Dictionary 
„contagion” has the following meanings: 1.a) a disease transmitted through direct 
or indirect contact; b) a disease transmitted or which can be transmitted through 
direct or indirect contact; a contagious disease; c) a direct cause, such as bacteria or 
virus which can cause a transferable disease. 2. Psychology: the spread of 
behavioral, emotional and attitude patterns from one person to another, from a 
group to another group, through suggestion, propaganda, rumors or imitation. 3. A 
harmful and corrupt influence:  such as violence and aggressiveness transmitted by 
TV shows, that can become contagious among young people consumers of media. 
4. The tendency to spread a doctrine, influences or emotional states. 

Given that the term of contagion is widely used and has different meanings 
according to the context and the circumstances analyzed, it is necessary to point out 
the meaning to which we referred to in our article. In accordance with Kaminsky, 
Reinhart and Vegh (2003), we will refer to contagion as an episode in which 
immediate significant effects can be found in many countries as a result of an 
event, when its consequences are quick, immediate, volcanic and spread across the 
world in a few hours, days, like an epidemic. But we can only talk about contagion 
if related "excess" movements are identified in the financial and economic 
variables from one country to another, in response to the shock waves. 

As Claessens S. and Forbes K. (2004) note, the term “contagion” was, 
before 1997, mainly used to define a medical spread of disease.  The situation has 
changed in July 1997 when the Thai monetary crisis spread very rapidly in East 
Asia and then in Brazil and Russia. A more detailed reference explanation we 
found in the specialized literature for financial contagion, in particular after the 
1998 Russian crisis, is based on changes in investors’ behavior, psychology and 
attitude. 

If authors such as Valdes (2000), Arias, Haussmann and Rigobon (1999), 
Forbes and Rigobon (2002) defined contagion in a simpler way, in reference to the 
increases of correlated actions in stock, debts and capitals in times of crisis,  others 
like Eichengreen, Rose and Wyplosz (1996) define contagion as a situation that, 
knowing that a crisis exists somewhere, will automatically lead to an increase in 
the probability of a crisis generation in the country in question, even if all 
fundamental premises have been taken into consideration.   

In a work presenting a rational model of the likelihood of financial 
contagion, Kodres and Pritsker (2002) grouped the literature studied in three 
categories.  The first category includes writings that deal with contagious monetary 
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crises, and correlates these crises with the various vulnerabilities of the monetary 
and financial sector, including the imperfections of financial markets or the 
weaknesses of government policies. Such studies as those led by Chan Lau, Jorge 
A. and Chen (1998), Rigobon (1998), Caballero and Krishnamurthy (1999), 
Corsetti, Pesenti and Roubini (1999), Kaminsky and Reinhart (2000) focused, most 
often, o highlighting the causes behin the set of simultaneous and speculative 
attacks.  

The second category of studies includes works by authors such as Allen and 
Gale (2000), Lagunoff and Schreft (2001), Van Rijckeghem and Weder (2000), 
based on empirical studies, explains the financial contagion phenomenon as being 
the result of connections between financial institutions.  The third category of 
studies, such as those led by King and Wadhwani (1990), Calvo (1999) and Yuan 
(2000), focus on the financial contagion phenomenon existing in the financial 
markets.   

The construction of the rational model of financial contagion phenomenon 
probability made by Kodres and Pritsker (2002) is based on the models previously 
developped by Pritsker (1997), Grossman and Stiglitz (1980), Kyle and Xiong 
(2001). 
 

3. The financial contagion phenomenon 
 

The financial contagion has been defined by the World Bank (2013) as "the 
inter-countries transmission of economic shocks or transmission of economic 
contamination effects ".   Also, the World Bank would draw attention to the fact 
that there is no direct link between the financial crisis and the financial contagion, 
the phenomena of financial contagion can also take place in a period free of any 
financial crisis. But in periods of financial crises, the effects of financial contagion 
are significantly intensified.  From the point of view of inter-countries connections, 
the World Bank (2013) identifies a set of links that can ensure the transmission of 
contagion’s effects:  

• Financial connections that appear when two economies are connected by 
the international financial system. An example of financial connection is 
that in which the credit companies or mutual funds use collateral of a 
country to ensure operations’ functionality in another country. Thus, any 
negative economic effect that occurs in the economy of one of countries, 
may lead to the possible spread of its impact in the economy of the second 
country.  

• Real connections are established based on the fundamental economic 
relations between economies.  These connections have been generally 
associated with inter-countries international trade and the foreign policies 
relating thereto.  We could mention the export stimulation policies through 
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national currency devaluation, trade balance policies adjustment, direct 
foreign investment support policies, etc.  

• Political connections are those connections that are influenced by inter-
countries political relations.  These types of connections are less referred to 
in specialized literature, although, according to World Bank (2013), in the 
case where a country is part of a group of countries with a common foreign 
policy or guided by similar economic principles, they tend to suffer from 
the same effects of contagion. A crisis in a country of the group leads to 
contagion effects in all the other countries (World Bank, 2013). 
Some authors also note that sometimes, the financial contagion seems to 

have a "herd effect" at the world-class investors’ level, with extremely diverse 
effects on national economies.  Some effects are classified as subsequently 
irrational:  by passing extremely quickly from panic to excessive confidence.  The 
various definitions given to the financial contagion phenomenon, have been 
compiled by Pericoli and Sbracia (2003) and are presented in the contexts below:  

1. The first definitions states that: the contagion represents a significant 
increase of the probability of a crisis transmission in a country, in direct 
link with the existing crisis in another country; 

2. The second definition refers to the time of the contagion phenomenon’s 
initiation which is directly linked to the transfer of stock price volatility 
from one country to other countries;  

3. The contagion also occurs when inter-countries influences of stock prices 
cannot be explained by fundamental elements;   

4. The contagion greatly increases in the event of a significant change in 
prices and quantities traded on regional markets, depending on the current 
crises occurring in other markets or groups of markets; 

5. The contagion occurs when transmissions between channels increases or 
changes significantly after the shocks produced on a given market. 
Although the definition of “financial contagion” seems to create 

controversy amongst experts (Allen and Gale, 2000 or Caramazza, Ricci and 
Salgado, 2004), most of them consider it extremely important to study the ways of 
transmission of contagion. As regards the spread of financial contagion’s effects to 
the level of entities operating in the national economies, they are transmitted 
through transmission channels or nodes existing at national level. Boloş (2012) 
mentions as factor of transmission, the national network made up of undertakings, 
public institutions, NGOs and other types of organizations. There were 
circumstances in which the contagion effects transferred from macro-economic 
level to regional or local level, had no visible effects. In this context, the shocks 
transmitted are not felt by the other economic factors operating at the micro-
economic level. But at the same time, the effects of contagion felt in the world and 
national economies may be transmitted, on a micro-economic level, through these 
transfer channels that are closely connected with each other. 
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Undertakings, as part of the national economic network, take through these 
transfer channels certain effects of economic and financial crises, in a more or less 
significant scope.  Some fields, in particular high-end or those directly connected to 
international markets, are deemed to be heavily-exposed to the effects of the 
economic-financial crisis.   

An undertaking, once contaminated, will transmit the effects of 
contamination to the undertakings collaborating with it, as well as to other 
undertakings in the same business sector. Thus, situations of real contamination of 
entire economic sectors can be found, culminating in the impacting of the whole 
national economy.   
 

4. Financial contagion theories 
 
Given what was mentioned above regarding the definition of the financial 

contagion, most authors interested in this subject have studied the various theories 
which explain why contagion occurs. According to Claessens and Forbes (2004), 
the specialized literature referring too the financial contagion theories, may be 
divided in 2 extended categories: the first category theory is based on the 
fundamental causes, and the second concerns investors' behavior. 

In accordance with Masson (1998) and Calvo and others (1996), the 
contagion phenomenon may occur due to different fundamental causes. One of 
these fundamental causes refers to a usual financial shock, such as changes in 
interest rates or foreign exchange rates, major changes in the prices of goods and 
services, decreases of macro-economic value indicators growth that can cause 
various crises and massive capital outflows off financial markets.  

Gerlach and Smets (1995), Forbes and Rigobon (2002) include in the 
second category of fundamental causes that determine the contagion phenomenon, 
the trade connection or relations. Thus, a crisis occurring in one country may 
determine a decrease of earnings, and in connection, a decrease in the demand for 
imports; exports, trade balance and direct trade relations or connections, are also 
affected.  
This effect of competitive devaluation may put a pressure on the currency of other 
countries, as it can lose value.  

Finally, according to Goldfajn and Valdes (1997), Van Rijckeghem and 
Weder (2000), the third category of fundamental causes is grouped around financial 
connections. Thus, a crisis generated in one country may have direct financial 
effects on other countries as regards the decrease in trade credits, direct foreign 
investments and other capital flows.  

The second category of theories that are the base in the explanation of 
financial contagion phenomenon refers to the investors’ behavior.  Even though 
there is some overlap between financial theories included in the first category, and 
those based on investors' behavior from their rational actions, however, the latter 
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can be classified in five separate categories: liquidity problems, incentives 
problems, information asymmetries, market coordination problems and investment 
re-assessment. 

In the first category of those theories based on investors' behavior are 
included those who focus on liquidity problems. Liquidity decrease can occur 
either in real mode, usually depending on the structure of the portfolio of assets 
held in the banking system, so in the weighting of "bad assets" - which mean 
definitive losses, or fictionally, usually through excessive cautiousness.   

But the impact of a drop in liquidity on the real economy does not depend 
on the liquidity decrease’s nature, because the effect, i.e. the reduction of internal 
non-governmental banking credit, is the same.  By encountering liquidity problems, 
investors will be tempted to keep those assets whose price have already fallen on 
secondary markets which have become less liquid, prompting them to also sell 
other assets in their portfolio.  This behavior may cause price decreases even 
outside the region in which the crisis takes place and these swirls may spread, 
through a number of various financial instruments, affecting a broad spectrum of 
creditors in different markets.    

Also, the liquidity effect occurs not only in the relations between 
commercial bank and the customer (undertaking), but also between commercial 
banks.  The drop in confidence in the banking system is reflected by the excessive 
cautiousness resulting in the additional braking of non-governmental internal 
banking credit for non-bank customers. In the end, the concrete manner in which 
this contagion channel affects the real economy, refers to the decrease of current 
economic activity, for example through difficulties encountered in the process of 
financing operations cycle, as well as to the reduction of the development 
investment potential of economic activity. 

The second group of theories that could explain the phenomenon of 
financial contagion based on investors' behavior, could be grouped around 
incentives and changes in the structure of aversion towards risk.  Thus, a crisis in 
an emerging country could lead investors to sell the package of stocks held on 
other emerging markets, to keep the proportions in their portfolio.  

Aversion towards risk refers to the phenomena through which the action or 
decision of an agent is influenced, sometimes mainly by subjective -but exogenous 
to the economic reality- assessments. Investors who manifest aversion towards risk 
take into account situations which, although they cannot be quantified, may 
influence the structure of behavior equations. Aversion towards risk may block 
economic or financial phenomena which have all the sufficient economic 
rationality elements to be activated. The feature can be not only of psychological 
nature, but it may also represent a rational decision to prevent, as much as possible, 
the risk of the economic decision. Also, an increase in the aversion towards risk 
that can be generated by the crisis in a country, may push investors to sell assets 
which are in surplus to better identify the reference values. Aversion towards risk 
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may represent an efficient and prompt channel in the turning of financial crisis into 
economic crisis. 

The fourth category of theories explaining the financial contagion focuses 
on information asymmetries and incomplete information.   

So, often, investors do not have a complete view on the conditions existing 
in each country, which can of course affect the profitability of investment held in 
their portfolios, due, in large part, to the cost of centralization and processing of 
information. In the absence of complete information, a financial crisis in a country 
may cause investors to believe that other countries may be confronted with similar 
problems.  As a result, it is possible that the investors change their behavior and 
sell their assets in other countries, particularly in those which meet similar 
conditions to the countries in which crisis started. This type of behavior may reflect 
both rational and irrational behavior. Less informed or gullible investors will think 
that it is less costly and more advantageous to follow the model adopted by other 
investors, of course those informed of information asymmetries.  This type of “herd 
behavior” is not necessarily only the result of the problem optimal diversification 
of the portfolio of assets held, but can also be encountered frequently as fixed costs 
of gathering and processing of the information grow, increase in the number of 
countries with opportunities of indicators’ growth and increases in the number of 
investors.  “Herd behavior” is much more likely to prevail when investors are 
assessed according to the performance of their portfolio assets depending on a 
specific index, rather than when they are assessed based on absolute performance. 

The fourth category of theories explaining the financial contagion based on 
investors' behavior, focuses on the market coordination problems, as noted by 
Jeanne (1997), Masson (1998), Chang and Majnoni (2001).  
Thus, investors can change their behavior based on the fact that their expectations 
are met and that can generate multiple balances.  Specifically, investors may 
suddenly withdraw their investments in a country if they are afraid they would 
otherwise lose, and some analysts think such sudden changes in expectations and 
confidence in the market are some of the most frequently encountered situations 
generating financial contagion.  In some cases, it is difficult to distinguish between 
this type of contagion and one caused by fundamental causes, since a dramatic 
upsurge in investors' expectations, causing an imbalance, can be caused by many 
factors, including the fundamental ones. These changes in investors' behavior, 
based on market coordination problems, calls for a rational behavior in general, but 
they increase financial volatility and may lead to performance far below that 
determined to be optimal. 

The last category of theories explaining the financial contagion based on 
investors' behavior, is based on the re-assessment by the investors, of the rules 
governing international financing. This may reflect an increase in the concern in 
respect to the countries which are able to apply unilateral and confrontational 
policies regarding the financing of private foreign creditors.  It may also reflect an 
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increase in concern as regards the fact that international financial institutions are 
very unlikely to assist countries experiencing financial difficulties, either as a result 
of change in the policies adopted, either because of a limited offer of funds. For 
example, if international financial institutions grant loans to countries during the 
crisis, this fact may determine an orientation of investors towards other countries, 
behavior based on the fear generated by the assumption that there won’t be enough 
funds available to grant support to these countries too, during the crisis. A re-
assessment of the situation based on any of these factors may cause investors to sell 
packages of assets outside the country the crisis originated in, thus causing 
contagion. 
 

5. Indicators of early warning of financial contagion phenomenon  
 

Thus, as mentioned above, the main analyzed indicators of early warning of 
financial contagion phenomenon at the economy level, are the macro-economic 
indicators. One particular feature of this work is the identification of a set of 
economic-financial analysis micro-economic indicators that could be part of an 
early warning of financial contagion system for undertakings located in the Bihor-
Hajdu Bihar region. Thus, various models of early warning have been analyzed and 
tested.  

The models of early warning at macro-economic level contain important 
information and can provide, by analyzing crises which took place in various 
countries, using the logit and probit models, estimates of the likelihood of a crisis, 
allowing a classification of countries according to the degree of external 
vulnerability.  However, even in the case of advanced econometric modeling, 
forecasting provided must be assessed taking into account:   

• The difficulty to generalize past experience;   

• Changes which have occurred at determinants’ lever over time;   

• The difficulty to quantify some macro-economic features that indicate 
vulnerability;  

• The lack of information.  
A vast range of theoretical models developed internationally, outlines a 

large number of variables that can be used as potential indicators of vulnerability of 
a country to a monetary crisis. The World Economic Outlook (IMF, 1998) limits to 
three the list of indicators which provide the clearest signals in pre-crisis period, i.e. 
M2/reserves, real increase in domestic credit and real depreciation.   

The main macro-economic indicators used in the models of early warning, 
are (Kaminsky, Lizondo and Reinhart, 1998; Kaminsky and Reinhart, 1999):  

a) indicators associated to the financial liberalization (M2 multiplicator, the 
ratio of domestic credit and nominal GDP, real interest liabilities rates, the 
ratio of active and passive interest rates);  
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b) other financial indicators (real monetary mass in a limited sense – M1, real 
term deposits in the banking system, the ratio between M2 and currency 
reserves);  
c) indicators related to checking account (the percentage variation in the 
exchange rates against trend, the volume of imports and exports);  
d) indicators associated to the capital account (currency reserves, real 
evolution of interest rates);  
e) real sector indicators (industrial production, stock indices);  
f) fiscal variables (consolidated budget deficit as percentage in the GDP).  

Kaminsky (2000) provides a detailed overview of the relevant indicators 
used in previous studies for the creation of an early warning system, and stops at 
the real exchange rate, the sudden increases of interest rates on the international 
markets, the capital flights simultaneous with the increase in foreign debt, the 
liquidity problems (the ration between short-term external debt and total external 
debt) in the financial crises, and the liberalization of capital account, the increase of 
credit and the evolution of the stock market, and the real interest rates for banking 
crises.  

At the banking level, the rating and the early warning CAMEL and 
CAAMPL systems are used, which could also be adapted to undertakings. Such a 
solution is also proposed by the authors of this work, who have attempted to adapt 
the CAAMPL model to the analysis of the transmission mode and the impact of the 
financial contagion phenomenon in the Bihor-Hajdu Bihar Euro-region. 

Very similar to the CAMEL model, rating and the early warning CAAMPL 
system – involves the analysis of one extra component that the CAMEL model 
does not have, i.e. „Ownership quality”. Thus, the CAAMPL includes the 
following components:  
� Suitability of capital 
� Quality of stock 
� Profitability 
� Liquidity 
� Ownership quality 
� Management quality 

The rating system consists in the analysis of each of the six components on 
a scale of values between 1 and 5.  In this scale, 1 is the highest performing level 
and 5 the lowest, four of these components (CAPL) being assessed based on certain 
indicators. Value ranges have been established based on international standards in 
the field and the specificities of the Romanian banking system. The final grade 
shall be obtained by aggregating the rating value for each of the quantifiable 
indicators, to which is added the rating value for the “ownership quality” and 
“management quality” components (Dardac and Moinescu, 2007). 

As mentioned in the above lines, within the framework of this work, we 
pursued the theoretical identification and presentation of a set of economic-
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financial analysis micro-economic indicators which can be part of a system of early 
warning of the occurrence of financial contagion phenomenon for undertakings 
located in the Bihor-Hajdu Bihar region, practical side being dealt with in detail in 
the following chapter of this publication. 

These factors were established based on various criteria: 
� the relevance of indicators to the given topic; 
� their potential of use in the economic-financial analysis realized in both 

countries; 
� their potential of transferability to their real economic cycle;  
� the possibility to use financial-accounting data bases in both sides of the 

frontier.   
These are: solvability, liquidity and profitability indicators.  They will be 

mentioned and briefly presented from the theoretical definition point of view. For 
their definition, specialized national and international literature has been studied, 
and the main opinions on the topic have been gathered: Stancu (2006), Trenca 
(2006), Chirilă (2001), Chirilă and Droj (2011), Droj (2010), Popa and Meşter 
(2006). Based on the results of previous research, the characteristics of the financial 
contagion and the region of this project’s implementation: Bihor – Hajdu Bihar, we 
decided the adaptation of the CAAMPL model to a model that proposes the two 
categories of mechanisms of protection against risks pertaining to financial 
contagion.   

These two mechanisms are backed by the identification of ten indicators of 
economic-financial analysis at the level of micro-undertakings operating in this 
region.  

• first: the mechanism of protection against the risk of economic-financial 
contagion based on undertakings’ results/operations indicators; 

• second: the mechanism of protection against the risk of economic-
financial contagion based on undertakings’ assets indicators 

 
A.  The mechanism of protection against the risk of economic-financial 
contagion based on result indicators contains following indicators: 
 
A1. Profitability – represents an undertaking’s capacity to lead efficient business.  
 
1. Rentability rate (Return of Assets) reflects the ratio between economic results:  
gross profit, referred to in the economic literature as EBIT, and the means 
employed to achieve this (total assets). 
 

ROA = Gross Profit 
              Total stock 
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Benefits induced by the economic profitability rate in the analytical field are 
due to the fact that he rate is independent of the financial structure, the fiscal policy 
of the state by which profits are taxed, as well as the exceptional elements. 
 
2. Return on equity, known in the French literature as “le taux financier de 

rentabilité” (ROE). 
 

ROE = (Net profit/ Equity) x 100 
 

The indicator shows the return on the capital invested by shareholders. A 
low rate can lead to dissatisfaction of shareholders because it does not offer the 
possibility to distribute dividends as they had expected, but it may also express a 
possible over-capitalization. An alternative interpretation of the low level of the 
indicator may be the policy of reinvestment of profit to increase assets and future 
income flows, which may lead to an increase in the ROE in the future, thus giving 
investors satisfaction.  A rate that is too high indicates a sub-capitalization and 
therefore a high level of indebtedness.  ROE is one of the most important indicators 
of profitability, and is used by an undertaking’s owners or prospective investors in 
making investment decisions. A good ROE makes it easier to attract new capital 
because it demonstrates the ability of the management to achieve a cost-effective 
business.  This index may vary substantially from one undertaking to another or 
from one period to another as a result of the difference in the structure of financing. 
The ROE of a fast-growing undertaking will experience a constant decrease even 
though sales and net earnings evolve very well. This is due to the fact that initially, 
the undertaking was sub-capitalized.  

The earning of a large profit by an undertaking with low own financing can 
imprint ROE a fulminating evolution.  A decreasing trend in the rate, in the case of 
a high-capital undertaking, should not be seen as negative - on condition that rate is 
not less than the minimum allowed in the industry concerned. 

 
3. Net margin rate 

Net margin rate = 
 

 
This rate highlights the undertaking’s business efficiency on all of its 

aspects:  operating, financial or extraordinary activity. 
 
 

 
4. Client debt rotation duration  

 

afaceri de Cifra

uiexercitiul alnet  Rezultatul       Operations net result 

                   Turnover 
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Debt rotation duration= 360×

Turnover

Debts
 

 
The duration for the collection of debts shows the number of days necessary 

for the collection of debts owed by third parties.  Ideally, this time should be less 
than 30 days. 
 
A2. Liquidity – the liquidity and management of resources and placements shall be 
assessed according to the degree and the trend of short term uses, fund sources, the 
financing of long-term assets; the access to monetary markets and other sources of 
financing; the adequacy of liquidity sources and the ability to meet liquidity needs;  
the effectiveness of policies and practices, fund management strategies; 
management computerized systems and financing plans;  the ability of the 
management to identify, measure, monitor and control liquidity and the level of 
diversification of financing sources. 
 
1. General liquidity rate (GLR) - the general liquidity rate compares the whole set 
of circulating assets to that of short-term debts.  This rate reflects the capacity or 
the undertaking‘s inability to pay its short-term due debts only from current assets 
held.  The much the rate is greater than 1, the more protected the undertaking is 
against insufficiency of treasury, which could be caused by reimbursement of 
short-term debts at the request of creditors. 

 

RGL =  

 
2. Rapid or low liquidity rate (RLLR) – expresses the undertaking's capacity to 
pay its short-term debts, out of loans and availabilities: 
 

RLLR =  or   RLR =  

 
The supra-unitary value of the rate shows that stocks are not financed by 

short-term debt (not more than by means of advances and down payments received 
from customers).  In general, the report is sub-unitary and does not cause any 
difficulty, under the condition in which the undertaking has “healthy” stocks and 
correct treasury forecasts.  In economic theory, there are views according to which 
a rate of between 0.8 and 1 would represent the optimal situation as regards partial 
credit worthiness. From a theoretical point of view, a high value of the rate reflects 
a high liquidity, but may characterize a low-performance use of availabilities and 

scurt termen pe Datorii

circulante Active
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       Circulating stock 

       Short-term debts 
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may represent no solvency guarantee of the undertaking if other current assets with 
low degree of liquidity exist. 

If the rate has low value, but the undertaking has debts, stocks that can be 
transformed into cash in accordance with the debt due dates, may characterize a 
favorable credit worthiness of it. Consequently, the maintaining of payment 
capacity requires the correlation of assets’ liquidity with the debt chargeability and 
the taking of economic, financial and technical measures for ensuring a normal 
cycle of the undertaking’s capital.  
 
B. Mechanism of protection against the risk of economic-financial contagion 
based on assets indicators includes the following indicators: 
 
B.1 Adequacy of capital – an undertaking must retain a minimum share capital, in 
terms of the nature and limits of risk, as well as with the ability of management to 
identify, measure and control those risks. 
 
1. Global financial autonomy rate (GFAR)  
 

  RGFA =    100
  totalPasiv

propriu  Capital
×

 
 

This rate shows how much of the undertaking’s assets are financed based on 
own resources. Reflecting the weight of equity in the total financing sources, the 
rate should be as high as possible.  However, it is difficult to establish an optimum 
level of the rate, taking into account the financial policy of each undertaking. A 
global financial autonomy rate larger than 1/3 would be considered satisfactory. 
 
2. Leverage rate (L) or total debt coefficient - reflects the extent to which equity 
ensures the funding of the undertaking’s activity.  This indicator may also be 
interpreted as the rate of undertaking’s global financial autonomy, indicating the 
degree to which the undertaking’s short- and long-term debts, are guaranteed by the 
undertaking’s equity. 

 

L=  

 
The higher the leverage rate than 1, the more the undertaking will depend 

on its debtors. If the leverage is sub-unitary, the bank can continue granting loans 
in secure guarantee conditions.  
 

proprii Capitaluri

 totaleDatoriiTotal debt 

Equity 

Equity 

   Total liabilities 
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3. Repayment capacity rate (RCR), also known as the credit cover rate – express, 
in years, the undertaking’s capacity to fully pay back its long-term loans.  

 
Rcr =             Credits 
          Net profit+Repayment 

 
B2. Quality of assets – the assets’ quality rating reflects the potential risk of loans, 
investments and other assets, as well as off-books transactions. 
 
1. Long-term credit worthiness rate (R) – This indicator shows the extent to which 
total debts are covered by total assets, and reflects the security that is enjoyed by 
creditors, as well as the undertaking’s credit margin.  
 
 

RS = Total stock 
 
      Total debt 

 
For the undertaking to repay its short- and long-term debts, a ratio value 

higher than 1.5 is recommended.  In reverse (R sg < 1,5), there is a risk of 
insolvency.  Failure to pay and the lack of liquidity at a given time does not 
necessarily mean insolvability of the undertaking. If a liquidation procedure was 
aimed at, this report would be able to provide an image of a likely solvability. An 
undertaking may be solvent even if, at a given moment, due to lack of liquidity, 
does not have any payment capacity.  The solvency is generated by an effective 
activity, and the lack of ability to pay and the lack of liquidity may have a 
temporary nature if the undertaking is based on an overall solvency. This rate 
expresses in relative terms an indicator equivalent in absolute value corresponding 
to an asset not employed in debts:  the net situation. A value of less than 1.5 
highlights the insolvency risk that is taken by the providers of funds at the disposal 
of the undertaking, risk also highlighted in the analysis of financial balance, of 
negative value of the net situation. 

If the undertaking’s financial difficulties become recurrent, this may 
endanger fundamental balances and can affect both the image of the undertaking, 
as it gains a reputation of bad payer, and future activities. 

To the second mechanisms, 2 other non-financial components are added:  
� Ownership quality - Through this component, it is aimed at identifying those 

shareholders who can demonstrate weakness of financial nature or influence on 
the situation of the entire entity.  The rating for this component is based on the 
analysis and assessment of financial, management, conformity with legal 
provisions, as well as country risk factors; 
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� Management quality – This rating reflects the capacity of the undertaking’s 
administrative board to identify, quantify, monitor and control operations’ 
risks, so as to ensure the stability, safety and efficiency of the undertaking, in 
accordance to laws and regulations in force.   

The mere existence of risk must not necessarily be reason for concern.  
What examiners must decide is whether and to what extent risks involved are well 
managed.  In general, the risks are considered to be well managed when they can 
be understood, measured, and controlled and when the bank has the capacity to 
resist their negative impact.  If examiners shall determine that the risks involved are 
not well quantified, this conclusion must be communicated to the bank 
management, so that measures be taken to limit or eliminate them.  Measures to be 
taken in this case are a reduction of exposure, an increase in the undertaking's share 
capital or improvement in the management of risk. 
 

6. Conclusions, constraints, future research 
This article’s central objective was the identification of the main indicators 

of early warning of the financial contagion phenomenon, as well as reviewing the 
most significant theories relating to financial contagion we found in specialized 
literature.  

Thus, in our work, we started by defining the term “contagion”, searching 
for the right meaning for the concept of financial contagion, then turned our 
attention to the understanding of the financial contagion phenomenon.  
Subsequently, we tried a grouping of theories on financial contagion retrieved in 
the literature studied. A special place in our study was taken by the section which 
includes the indicators of early warning of financial contagion.   

These economic-financial analysis micro-economic indicators can be part of 
an early warning of financial contagion system in the case of undertakings located 
in the Bihor-Hajdu Bihar region. Thus, various models of early warning have been 
analyzed and tested.  

Thus, as mentioned above, the main analyzed indicators of early warning of 
financial contagion phenomenon at the economy level, are the macro-economic 
indicators. One particular feature of this work is the identification of a set of 
economic-financial analysis micro-economic indicators that could be part of an 
early warning of financial contagion system for undertakings located in the Bihor-
Hajdu Bihar region. The set of identified indicators has later been transformed into 
2 mechanisms of protection against the risk of economic-financial contagion, 
mechanisms applicable to micro- undertakings operating in this region: 

• first: the mechanism based on the undertakings’ results/operations; 

• second: the mechanism based on the undertakings’ asset indicators. 

Also, to the latter mechanism, non-financial components may be added, 
such as the quality of ownership and management. If we look, through the 
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warnings signals, at these indicators proposed by us and considered to be warning 
indicators of the financial contagion phenomenon, we believe, as a result of the 
above, that the indicators based on results can better apply to undertakings located 
in the Bihor-Hajdu Bihar region, considering the specific features of business 
environment and the socio-political and socio-cultural climate in this regio. 
 

In this work, the authors have mainly focused on the presentation from a 
theoretical point of view of the set of indicators; the practical side being dealt with 
in detail in the following chapter of this publication. 
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PART V 

TESTING THE RESEARCH RESULTS ON THE SELECTED 

COMPANIES BY IMPLEMENTING THE INDICATORS 

 

 

V.1. RESEARCH REPORT ON SC ADEPLAST SA 

 

ADEPLAST S.A. is a manufacturer of construction materials from Oradea 

– Romania, established in 1996. The main activity is the production and 

distribution of dry mortar, especially ceramic tiles adhesives, jointing kits, 

adhesives for bonding polystyrene and reinforcement, leveling compounds, 

gypsum plasters and cement , renders the application manual and mechanized. The 

range of products distributed were added termosystems, paints and plasters, 

thermal and acoustic insulation products such as expanded polystyrene, extruded 

and glass wool. 

In 2008, the company was converted into public limited company. Also in 

2008, Adeplast hold the second place in market, after sales adhesives. By October 

2007, the company was called Multistar Prod SRL. 

In the last year analyzed (2011), even if the turnover increased with about 

10%, up to 142.478.126 RON, the net profit has halved. 

  

 

The results of the indicators at the company Adeplast SA 
Nr. 

Crt. 
Indicator Formula 2008 2009 2010 2011 

 

1 

 

Global financial 

autonomy rate 
 

 

34,50% 35,10% 42,03% 39,72% 

 

2 

 

Fixed assets financing 

rate 

 

Permanent Equity 

Net fixed assets 

 

0,43 0,98 1,16 1,07 

100x
litiesTotalliabi

Equity
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3 

 

General liquidity rate 

TermdebtsShort

gAssetsCirculatin

−

 

 

0,85 1,15 1,35 1,14 

 

4 

 

Rapid or low liquidity 

rate 

TermdebtsShort

sLiquiditieceivables

−

−Re
 

 

0,67 0,95 1,06 0,81 

 

5 

 

Long-term solvability 

rate 

 

Total assets 

Total debts 

 

6,27 1,71 2,39 2,22 

 

6 

 

Leverage rate 

 

Equity

TotalDebts
 

0,46 1,66 0,99 1,13 

 

7 

 

Receivables rotation 

duration 

 

 

 

69 days 92 days 58 days 60 days 

 

8 

 

Suppliers’ payment 

duration 

 

360×

Turnover

Suppliers
 

 

36 days 34 days 23 days 22 days 

 

9 

 

Repayment capacity 

rate 

 

Loans / 

(Net Profit + Amortization) 

 

4,12 4,18 2,45 3,77 

 

10 

 

ROA 

 

100
Pr

×

sTotalAsset

ofitGross
 

 

7,43% 4,37% 10,21% 4,35% 

 

11 

 

ROE 

 

100
Pr

×

Equity

ofitNet
 

 

18,14% 10,75% 20,48% 9,48% 

Source: Author’s own projection based on the annual financial statements 

 

1. Global financial autonomy rate (RAFG)  

  RAFG = 
 

360
Re

×

Turnover

ceivables

100x
litiesTotalliabi

Equity
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This rate shows how much of the company’s assets are financed from own 

resources. By reflecting the weight of the share capital in total financing sources, it 

is desirable that the rate is as high as possible.  However, it is difficult to establish 

an optimal level of the rate, given the financial policies of each company. A rate of 

global financial autonomy higher than 33% is considered to be satisfactory. At the 

Adeplast SA, this rate exceeds the recommended minimum of 33%. 

 
            2.  Fixed assets financing rate (RFRP) 

RFRP =  Permanent Equity 

                     Net fixed assets 

 

This rate is subunitary in the first two years (2008, 2009) analyzed, which 

means that the company in on long-term financial instability In the last two years 

(2010, 2011), this rate becomes supraunitary, that reflects the fact that fixed assets 

are financed only from permanent sources. 
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         3. General liquidity rate (RL)  

RLC = 
TermdebtsShort

gAssetsCirculatin

−

 

 

General liquidity rate compares the whole set of circulating assets with 

short-term debts. This rate reflects the capacity or incapacity of the company to pay 

its short-term debts only from circulating assets possessed in its patrimony. The 

higher the rate compared to the value of 1, the more the company is safeguarded 

from a treasury scarcity, which could be caused by the repayment of short-term 

debt at the request of creditors.  

Except for the first year, this rate is supraunitary, that means that Adeplast 

SA is safeguarded from a treasury scarcity. 
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4. Rapid or low liquidity rate (RLR)  - expresses the capacity of the 

company to pay short-term debts, from receivables and availabilities:  

RLR = 
TermdebtsShort

sLiquiditieceivables

−

−Re
  

 

The supraunitary value of the rate highlights the fact that stocks are not 

financed by short-term debts (no more than the imprests and interim payments 

received from customers).  In general, the report is subunitary and does not cause 

difficulties, as long as the company has enough stocks and correct treasury 

forecasts. In economic theory, there is a general belief that a rate between 0.8 and 1 

would represent the optimum situation regarding partial solvency. SC Adeplast SA 

recorded almost optimum results for the rapid or low liquidity rate. 

 
 

5. Long-term solvability rate (Rs) shows the extent to which total debts 

are covered by total assets, and reflects the security enjoyed by creditors, as well as 

the creditworthiness of the company.  

   

RS = Total assets 

              Total debts 

 

In order for the company to pay its long and short-term debts, a report 

value higher than 1,5 is recommended. If the value is lower ( Rs < 1,5), then there 

is an insolvability risk. However, payment incapacity and lack of liquidities at a 

given moment does not necessarily engender the company’s insolvability. If a 

liquidation procedure were initiated, this report would provide an overview of the 

potential solvability. The company may be solvable even if, at a given moment, 
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out of lack of liquidities, is in payment incapacity. Solvability is generated by an 

efficient activity, and the lack of payment capacity and liquidities may only be 

temporary, if the company has a general solvability.      

This rate expresses, in relative terms, an equivalent indicator with an 

absolute value corresponding to the assets engaged in debts: the net situation. A 

rate value lower than 1,5 highlights the insolvability risk that funds suppliers took 

for the company, risk also highlighted in the analysis of financial balance, of 

negative value of the net situation. In the case when the company’s financial 

problems become regular, they can jeopardize fundamental balances and may 

affect the company’s reputation, as well as future activities.  

Throughout the period analyzed, long-term solvability rate has recorded 

values > 1,5, that means that the company Adeplast may reimburse the total debts. 

 
 

  6. Leverage rate (L) or Total indebtedness coefficient reflects the level to which 

equity ensures the financing of the company’s activities. This indicator may also be 

interpreted as the rate of financial autonomy of the company, and shows the degree to 

which its short and long-term debts are ensured by the company’s equity.   

 

RL= 
Equity

TotalDebts
 

 

The higher the leverage rate in comparison to 1, the more the company will 

depend on its creditors.  In 2008 and 2010 the rate was subunitary, that means that 

the bank can continue granting loans with confidence. But, in 2009 and 2011 the 

rate was supraunitary, that means that Adeplast depend on its creditors.   

0

1

2

3

4

5

6

7

2008 2009 2010 2011

Long-term

solvability rate



236 

 

 
 

7. Receivables rotation duration (Rcr) 

 

Rcr =  

 

Receivables rotation duration shows the number of days required for 

collecting debts from third parties.  Ideally, the duration of this period should be 

less than 30 days. 

This rate has recorded high values in the period analyzed, but in 2009 was 

recorded the highest value (92 days). 

 
 

 

8. Suppliers’ payment duration 
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      Suppliers’ payment duration = 360×

Turnover

Suppliers
 

 

Suppliers’ payment duration expresses the number of days in which 

suppliers are being paid. The company usually needs for this period to be as long as 

possible, but this should not exceed 30 days. 

On Adeplast SA we can observe a positive tendence of decrease; in the last 

two years the level of the rate was < 30 days. 

 
 

9. Repayment capacity rate (RCR) also known as credits coverage rate 

expresses in number of years the capacity of the company to fully repay loans 

contracted on long-term.   

 

Rcr =  Loans  

                 Net Profit +Amortization 

 

In the last year, at the Adeplast Company, the repayment capacity was less 

than four years. 
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10. The Return of Assets (ROA) reflects the difference between an 

economic result: gross profit, known in specialized literature as EBIT and the 

economic means used for its achievement (total assets). 

 

ROA = 100
Pr

×

sTotalAsset

ofitGross
 

 

The advantages generated by the return rate in the analytical sphere are due 

to the fact that the rate does not depend on the financial structure, the state fiscal 

policies through which profit is taxed, or on exceptional elements.   

 
 

 

11. The Return on Equity (ROE), known in French economic literature as 

“financial return rate”, and abbreviated in the Anglo-Saxon literature as ROE: 

 

ROE = 100
Pr

×

Equity

ofitNet
 

 

The indicator shows the efficiency of the capital invested by shareholders.  

A low rate may lead to the dissatisfaction of shareholders because it does not 

provide the possibility of dividend distribution according to their expectations, but 

a low rate can also reflect a potential over-capitalization. Another interpretation of 

the indicator’s low level may be the profit reinvestment policy for the increase of 

assets and future income flows, which can lead to an increase in ROE in the future, 

generating satisfaction among shareholders.  
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A too high rate level indicates a sub-capitalization and thus a high level of 

indebtedness. ROE is one of the most important return indicators, being used by 

company owners and potential investors in the investment decision-making 

process.  A good ROE rate facilitates the attraction of new capital because it 

indicates a good management strategy for conducting profitable business.  

This index may vary significantly from one company to another, or from 

one period to another as a result of the difference in the financial structure. The 

ROE of an company with a rapid growth, will record a constant decrease even if 

net sales and earnings progress well. This fact may be due to the fact that in its 

beginnings, the company was subcapitalized. Getting large profit in an company 

with low own financing can nevertheless have an incredible ROE evolution. A 

decreasing trend of the rate, in the case of a heavily-capitalized company, should 

not be seen as negative – as long the rate does not go below the minimum limit 

allowed in that particular industry.   

In 2010, has recorded the highest level of ROE for the company Adeplast. 

Then, there has been a massive decrease, this decrease is a positive aspect for the 

company. 
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V.2. RESEARCH REPORT ON ANTOS ZRT 

 

Antos ZRT is a company which operates in the construction sector from 

Debrecen, Hungary. The main activities are construction, trade contractors, new 

buildings and structures. The evolution of turnover in the construction sector is 

dependend on the GDP evolution so the crises affected the evolution of the 

company in 2010 and 2011. 

                                                                                                                  Thousand 

Forint 

Indicator / Year 2008 2009 2010 2011 

Turnover 48070  77000  59648  52619 

Net Profit 901  612  406  1455 

 

 

 

I

f 

the 

turn

ove

r is 

decr

easing the net profit has a positive evolution for the analyzed period. Turnover 

decreased to level similar to 2008 while the profit level in 2011 rose with 350% 

compared to 2010. 

  



241 

 

 

The results of the indicators at the company Antos ZRT 

Nr. 
Crt
. 

Indicator Formula 2008 2009 2010 2011 

 

1 
 
Global 
financial 
autonomy 
rate 

      

22.62

%   

25.49

%  

51.63

%  

60.08

% 

 

2 
 
Fixed 
assets 
financing 
rate 

 

Permanent Equity 

 Net fixed assets 

1.002  1.33  1.8  2.09 

 

3 
 
General 
liquidity 
rate 

      
CirculatingAssets

Short− Termdebts
 

0.96  1.03  1.3  1.05 

 

4 
 
Rapid or 
low 
liquidity 
rate 

Receivables− Liquidities

Short− Termdebts

 

0.78  0.96  1.3  1.05  

 

5 
 
Long-term 
solvability 
rate 

 

Total assets 

Total debts 

1.3  1.35  2.07  2.5 

 

6 
 
Leverage 
rate 

           
TotalDebts

Equity  
3.41  2.92  0.94  0.66 

 

7 
 
Receivable
s rotation 
duration 

 

      

30 45  102  62 

   80  19  10  5 

100x
litiesTotalliabi

Equity

360
Re

×

Turnover

ceivables
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8 Suppliers’ 
payment 
duration 

      
Suppliers

Turnover
× 360  

 

9 
 
Repaymen
t capacity 
rate 

           Loans / 

(Net Profit + 

Amortization) 

0.84  5.68  0.04  0.41 

 

10 

 

ROA 
     

GrossPr ofit

TotalAssets
× 100  

30.45

%   

0.50%  0.59%  1.89% 

 

11 

 

ROE 
     

NetPr ofit

Equity
× 100  

1.07%   1.23%  0.81%  2.82% 

Source: Author’s own projection based on the annual financial statements 

 

1. Global financial autonomy rate (RAFG)  

  RAFG =  

 
Global financial autonomy rate shows how much of the assets are financed 

from own resources, the perfect situation is when the value of the Global financial 

autonomy rate is close to 1, but ussualy a rate of global financial autonomy higher 

than 33% is considered to be satisfactory. At the Antos ZRT, this rate has a level of 

60.0

8% 

in 

the 

last 

year, 

with 

an 

upw

ard trend for the whole period. 

 

 
 

100x
litiesTotalliabi

Equity
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           2.  Fixed assets financing rate (RFRP) 
RFRP =  Permanent Equity 

                     Net fixed assets 

 

This rate is supra-unitary for the whole analyzed period, this reflects the 

fact that fixed assets are financed only from permanent sources, and the evolution 

of Fixed assets financing rate is increasing from one year to another. 

 

 

            3. General liquidity rate (RL)  

RLC = 
CirculatingAssets

Short− Termdebts
 

 

General liquidity rate compares the value of circulating assets with short-

term debts. This rate reflects the capacity or incapacity of the company to pay its 

short-term debts only from circulating assets possessed in its patrimony. The higher 

the rate compared to the value of 1, the more the company is safeguarded from a 

treasury scarcity, which could be caused by the repayment of short-term debt at the 

request of creditors.  

This rate is supra-unitary,except for 2008, which means that Antos ZRT has 

a good liquidity, in 2009  the value was small than the average for the analyzed 

period but  the value of the General liquidity rate is close to 1, which is a good 

level of liquidity. 
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4 
 
 
4. Rapid or low liquidity rate (RLR)  - expresses the capacity of the 

company to pay short-term debts, from receivables and availabilities:  

RLR = 
Receivables− Liquidities

Short− Termdebts
  

 

The supra-unitary value of the rate highlights the fact that stocks are not 

financed by short-term debts.  For 2008 and 2009 the value of the Rapid or low 

liquidity rate is sub-unitary, while for the 2010-2011 period is supra-unitar. In 

economic theory, there is a rule of thumb that a rate between 0.8 and 1 would 

represent the optimum situation regarding partial solvency. Antos ZRT respects 

this rule because the indicator valueas are between 0.78 and 1.05. 

 

 

 
 
 
 
 
 

 
5. Long-term solvability rate (Rs) shows the extent to which total debts 

are covered by total assets, and reflects the security enjoyed by creditors, as well as 

the creditworthiness of the company.  
 
RS = Total assets 

              Total debts 

In order for the company to pay its long and short-term debts, a report 
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value higher than 1,5 is recommended. If the value is lower ( Rs < 1,5), then there 

is an insolvability risk. However, payment incapacity and lack of liquidities at a 

given moment does not necessarily engender the company solvability. The 

company may be solvable even if, at a given moment, out of lack of liquidities, is 

in payment incapacity. Solvability is generated by an efficient activity, and the 

lack of payment capacity and liquidities may only be temporary.      

This rate expresses, in relative terms, an equivalent indicator with an 

absolute value corresponding to the assets engaged in debts: the net situation. A 

rate value lower than 1,5 highlights the insolvability risk that funds suppliers took 

for the company, risk also highlighted in the analysis of financial balance, of 

negative value of the net situation. In the case when the company’s financial 

problems become regular, they can jeopardize fundamental balances and may 

affect the company’s reputation, as well as future activities.  

Throughout the period analyzed, long-term solvability rate has recorded 

values > 1.5, that means that the company  Antos ZRT may reimburse the total 

debts. 

 

 

   

 

 

 

 

 

 

 

 

6. Leverage rate (L) or Total indebtedness coefficient reflects the level to which 

equity ensures the financing of the company’s activities. This indicator may also be 

interpreted as the rate of financial autonomy of the company, and shows the degree to 

which its short and long-term debts are ensured by the company’s equity.   
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RL= 
TotalDebts

Equity  

The higher the leverage rate in comparison to 1, the more the company will 

depend on its creditors.  In the whole period analyzed the evolution of the leverage 

rate is downward, in 2010 and 2011 the value is sub-unitary, that means that the 

bank can continue granting loans with confidence.  

 

 
 
 
 
 
 
 
 
7. Receivables rotation duration (Rcr) 

 

Rcr =  

 
Receivables rotation duration shows the number of days required for 

collecting debts from third parties.  Ideally, the duration of this period should be 

less than 30 days. 

This rate has recorded high values in the period analyzed, but the highest 

value was in 2010, over 102 days.. 

 

 
 
 
 
 
 
 
8

. 

360
Re

×

Turnover

ceivables
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Suppliers’ payment duration 

 

      Suppliers’ payment duration = 
Suppliers

Turnover
× 360  

 

Suppliers’ payment duration expresses the number of days in which 

suppliers are being paid. The company usually needs for this period to be as long as 

possible in the case of Antos ZRT we can observe high levels of this rate > 30 days 

in 2008. While in 2011 the duration is only 5 days. 

 

 

 

 

 
 
 
 
 

 
9. Repayment capacity rate (RCR) also known as credits coverage rate 

expresses in number of years the capacity of the company to fully repay loans 

contracted on long-term.   
 

Rcr =  Loans  

                 Net Profit +Amortization 

 

In 2010 and 2011 at the Antos ZRT the repayment capacity value is under  

because the loans have been repaid. 
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10. The Return of Assets (ROA) reflects the difference between an 

economic result: gross profit, known in specialized literature as EBIT and the 

economic means used for its achievement (total assets). 

 

ROA = 
GrossPr ofit

TotalAssets
× 100  

 

 For the analyzed period the level of ROA indicator increased from one year 

to another as the level of gross profits also have been increasing. 

 

 
11. The Return on Equity (ROE): 

 

 

 

 

 

 

 

 

 

 

 

 

ROE = 
NetPr ofit

Equity
× 100  

 

The indicator shows the efficiency of the capital invested by shareholders.  

A low rate may lead to the dissatisfaction of shareholders because it does not 

provide the possibility of dividend distribution according to their expectations, but 

a low rate can also reflect a potential over-capitalization. Another interpretation of 

the indicator’s low level may be the profit reinvestment policy for the increase of 
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assets and future income flows, which can lead to an increase in ROE in the future, 

generating satisfaction among shareholders. A too high rate level indicates a sub-

capitalization and thus a high level of indebtedness.  

ROE is one of the most important return indicators, being used by company 

owners and potential investors in the investment decision-making process. A good 

ROE rate facilitates the attraction of new capital because it indicates a good 

management strategy for conducting profitable business.  We observe an increasing 

trend of the ROE for the 2008-2011 period. And after analyzing the most important 

financial indicators we can conclude that the financial situation of the company has 

improved over the analyzed period. 

 

 

 

 

 

 

 

 

 

 

 

V.3. RESEARCH REPORT ON  

SC ANTIBIOTICE SA  

 

ANTIBIOTICE SA is a company which is focused on production of 

pharmaceutics products, and was established in 1955. The main activity of the 

company consists in production of medical products, research and development in 

field of pharmaceutics and production of medical equipments.  

In the last year analyzed (2011), the return reached an amount of 281, 8 

milion RON, an increase with 16% comparing with 2010. The profit before 

taxation was 26,4 millions RON,  an increase with 43% comparing with 2010. 

  

The results of the indicators at the company ANTIBIOTICE SA  

Nr. Indicator Formula 2009 2010 2011 
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Crt. 
 

1 

 
Global 
financial 
autonomy 
rate 

      

 

64,24% 66,86% 68,97% 

 

2 

 
Fixed assets 
financing rate 

 

Permanent Equity 

 Net fixed assets 

 

1,65 1,67 1,69 

 

3 

 
General 
liquidity rate 

      
TermdebtsShort

gAssetsCirculatin

−

 

 

1.9 2,02 2,05 

 

4 

 
Rapid or low 
liquidity rate TermdebtsShort

sLiquiditieceivables

−

−Re
 

 

1,6 1,7 1,9 

 

5 

 
Long-term 
solvability 
rate 

 

Total assets 

Total debts 

 

3,29 3,54 3,72 

 

6 

 
Leverage rate 

            

           
Equity

TotalDebts
 

0,47 0,42 0,39 

 

7 

 
Receivables 
rotation 
duration 

 

      

 

267 

days 

285 

days 

268 

days 

 

8 

 
Suppliers’ 
payment 
duration 

 

      360×

Turnover

Suppliers
 

 

69 days 92 days 108 

days 

 

9 

 
Repayment 

 

Loans / 

0 0 0 

100x
litiesTotalliabi

Equity

360
Re

×

Turnover

ceivables
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capacity rate (Net Profit + 

Amortization) 

 

 

10 

 

ROA 
 

     100
Pr

×

sTotalAsset

ofitGross
 

 

5,05% 5,78% 6,08% 

 

11 

 

ROE 

 

     100
Pr

×

Equity

ofitNet
 

4,92% 4,77% 5,05% 

Source: Author’s own projection based on the annual financial statements 

 

1. Global financial autonomy rate (RAFG)  

  RAFG = 
 

 
This rate shows how much of the company’s assets are financed from own 

resources. By reflecting the weight of the share capital in total financing sources, it 

is desirable that the rate is as high as possible.  However, it is difficult to establish 

an optimal level of the rate, given the financial policies of each company. A rate of 

global financial autonomy higher than 33% is considered to be satisfactory. For 

ANTIBIOTICE SA, this rate exceeds the recommended minimum of 33% for the 

entire period of analysis. 

100x
litiesTotalliabi

Equity
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            2.  Fixed assets financing rate (RFRP) 

RFRP =  Permanent Equity 

                     Net fixed assets 

 

For the entire period of analysis this rate is supra-unitary, which reflects the 

fact that fixed assets are financed only from permanent sources. 

 

 
 

            3. General liquidity rate (RL)  
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RLC = 
TermdebtsShort

gAssetsCirculatin

−

 

 

General liquidity rate compares the whole set of circulating assets with 

short-term debts. This rate reflects the capacity or incapacity of the company to pay 

its short-term debts only from circulating assets possessed in its patrimony. The 

higher the rate compared to the value of 1, the more the company is safeguarded 

from a treasury scarcity, which could be caused by the repayment of short-term 

debt at the request of creditors.  

This rate is supra-unitary, which means that ANTIBIOTICE SA  is 

safeguarded from a treasury scarcity. 

 
 

4. Rapid or low liquidity rate (RLR)  - expresses the capacity of the 

company to pay short-term debts, from receivables and availabilities:  

RLR = 
TermdebtsShort

sLiquiditieceivables

−

−Re
  

 

The supraunitary value of the rate highlights the fact that stocks are not 

financed by short-term debts (no more than the imprests and interim payments 

received from customers).  In general, the report is subunitary and does not cause 

difficulties, as long as the company has enough stocks and correct treasury 

forecasts. In economic theory, there is a general belief that a rate between 0.8 and 1 
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would represent the optimum situation regarding partial solvency. SC 

ANTIBIOTICE SA recorded excellent results for the rapid or low liquidity rate. 

 
 

5. Long-term solvability rate (Rs) shows the extent to which total debts 

are covered by total assets, and reflects the security enjoyed by creditors, as well as 

the creditworthiness of the company.  

   

RS = Total assets 

              Total debts 

 

In order for the company to pay its long and short-term debts, a report 

value higher than 1,5 is recommended. If the value is lower ( Rs < 1,5), then there 

is an insolvability risk. However, payment incapacity and lack of liquidities at a 

given moment does not necessarily engender the company’s insolvability. If a 

liquidation procedure were initiated, this report would provide an overview of the 

potential solvability.  

The company may be solvable even if, at a given moment, out of lack of 

liquidities, is in payment incapacity. Solvability is generated by an efficient 

activity, and the lack of payment capacity and liquidities may only be temporary, 

if the company has a general solvability.      

This rate expresses, in relative terms, an equivalent indicator with an 

absolute value corresponding to the assets engaged in debts: the net situation. A 

rate value lower than 1,5 highlights the insolvability risk that funds suppliers took 

for the company, risk also highlighted in the analysis of financial balance, of 

negative value of the net situation. In the case when the company’s financial 
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problems become regular, they can jeopardize fundamental balances and may 

affect the company’s reputation, as well as future activities.  

Throughout the period analyzed, long-term solvability rate has recorded 

values > 1,5, that means that the company ANTIBIOTICE SA  may reimburse the 

total debts. 

 
 

  6. Leverage rate (L) or Total indebtedness coefficient reflects the level to which 

equity ensures the financing of the company’s activities. This indicator may also be 

interpreted as the rate of financial autonomy of the company, and shows the degree to 

which its short and long-term debts are ensured by the company’s equity.   

 

RL= 
Equity

TotalDebts
 

 

The higher the leverage rate in comparison to 1, the more the company will 

depend on its creditors.  For the entire period of analysis the rate was sub-unitary, 

which means that the bank can continue granting loans with confidence.   
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7. Receivables rotation duration (Rcr) 

 

Rcr =  

 

Receivables rotation duration shows the number of days required for 

collecting debts from third parties.  Ideally, the duration of this period should be 

less than 30 days. 

This rate has recorded high values in the period analyzed, the record being 

registered in 2010 285 days. 
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8. Suppliers’ payment duration 

 

      Suppliers’ payment duration = 360×

Turnover

Suppliers
 

 

Suppliers’ payment duration expresses the number of days in which 

suppliers are being paid. The company usually needs for this period to be as long as 

possible, but this should not exceed 30 days. 

On ANTIBIOTICE SA  we can observe a positive tendence of increase in 

order to equilibrate the receivables with the suppliers. 
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9. Repayment capacity rate (RCR) also known as credits coverage rate 

expresses in number of years the capacity of the company to fully repay loans 

contracted on long-term.   

 

Rcr =  Loans  

                 Net Profit +Amortization 

 

For the entire period, at the ANTIBIOTICE SA , the repayment capacity 

was less 0 since the company does not have contracted long term loans. 

 
 

10. The Return of Assets (ROA) reflects the difference between an 

economic result: gross profit, known in specialized literature as EBIT and the 

economic means used for its achievement (total assets). 

 

ROA = 100
Pr

×

sTotalAsset

ofitGross
 

 

The advantages generated by the return rate in the analytical sphere are due 

to the fact that the rate does not depend on the financial structure, the state fiscal 

policies through which profit is taxed, or on exceptional elements.   
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11. The Return on Equity (ROE), known in French economic literature as 

“financial return rate”, and abbreviated in the Anglo-Saxon literature as ROE: 

 

ROE = 100
Pr

×

Equity

ofitNet
 

 

The indicator shows the efficiency of the capital invested by shareholders.  

A low rate may lead to the dissatisfaction of shareholders because it does not 

provide the possibility of dividend distribution according to their expectations, but 

a low rate can also reflect a potential over-capitalization.   

Another interpretation of the indicator’s low level may be the profit 

reinvestment policy for the increase of assets and future income flows, which can 

lead to an increase in ROE in the future, generating satisfaction among 

shareholders.  

A too high rate level indicates a sub-capitalization and thus a high level of 

indebtedness.  

ROE is one of the most important return indicators, being used by company 

owners and potential investors in the investment decision-making process.   

A good ROE rate facilitates the attraction of new capital because it indicates 

a good management strategy for conducting profitable business.  

This index may vary significantly from one company to another, or from 

one period to another as a result of the difference in the financial structure. The 

ROE of an company with a rapid growth, will record a constant decrease even if 
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net sales and earnings progress well. This fact may be due to the fact that in its 

beginnings, the company was subcapitalized.  

Getting large profit in an company with low own financing can nevertheless 

have an incredible ROE evolution. A decreasing trend of the rate, in the case of a 

heavily-capitalized company, should not be seen as negative – as long the rate does 

not go below the minimum limit allowed in that particular industry.   

In 2011, has recorded the highest level of ROE for the company 

ANTIBIOTICE SA .  
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V.4. RESEARCH REPORT ON  

CSIKIZO COMPANY 

 

Csikizo is a company from Debrecen, Hungary. It has insulation activities, 

meaning construction, trade contractors, new buildings and structures rainwater 

against ground pressure and soil moisture against thermal related tinker works, old 

buildings insulation against rain water renewal, as required insulation replacement, 

repair waterproofing and sealing maintenance. 

                                                                                                                                

Forint 

Indicator / 

Year 

2008 2009 2010 2011 

Turnover 444.699.000 273.811.000 153.354.000 131.449.000 

Net Profit 50.807.000 42.962.000 1.136.000 - 19.795.000 

 
As you can see, the main indicators register a downward trend. Turnover 

decreased by approximately 70% over the past four years analyzed. Net income 

fell, recording a loss result in the last year. 
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The results of the indicators at the company Csikizo 

 

Nr. 

Crt. 
Indicator Formula 2008 2009 2010 2011 

 

1 

 

Global 

financial 

autonomy rate 

      

 

65,60% 86,29% 72,26% 80,85% 

 

2 

 

Fixed assets 

financing rate 

 

Permanent Equity 

 Net fixed assets 

 

2,28 3,14 3,36 4,18 

 

3 

 

General 

liquidity rate       
TermdebtsShort

gAssetsCirculatin

−

 

 

2,07 5,29 2,83 4,24 

 

4 

 

Rapid or low 

liquidity rate 
TermdebtsShort

sLiquiditieceivables

−

−Re
 

 

2,07 5,29 2,54 3,66 

 

5 

 

Long-term 

solvability rate 

 

Total assets 

Total debts 

 

2,91 7,30 3,61 5,25 

 

6 

 

Leverage rate 

            

           
Equity

TotalDebts
 

0,52 0,16 0,38 0,24 

 

7 

 

Receivables 

rotation 

duration 

 

      

 

101 

days 

158 

days 

244 

days 

160 

days 

 

8 

 

Suppliers’ 

payment 

duration 

 

      360×

Turnover

Suppliers
 

 

48 days 30 days 94 days 64 days 

 

9 

 

Repayment 

capacity rate 

 

Loans / 

(Net Profit + 

Amortization) 

0,06 0,02 1,57 - 

100x
litiesTotalliabi

Equity

360
Re

×

Turnover

ceivables
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10 

 

ROA 

 

     100
Pr

×

sTotalAsset

ofitGross
 

 

31,62% 31,32% 0,83% - 

 

11 

 

ROE 

 

     100
Pr

×

Equity

ofitNet
 

 

41,98% 28,83% 0,85% - 

Source: Author’s own projection based on the annual financial statements 

 

1. Global financial autonomy rate (RAFG)  

  RAFG = 
 

 

This rate shows how much of the company’s assets are financed from own 

resources. By reflecting the weight of the share capital in total financing sources, it 

is desirable that the rate is as high as possible.  However, it is difficult to establish 

an optimal level of the rate, given the financial policies of each company. A rate of 

global financial autonomy higher than 33% is considered to be satisfactory. At the 

Csikizo Company, this rate has high levels: 80,85% in the last year. 

 
 

            2.  Fixed assets financing rate (RFRP) 

RFRP =  Permanent Equity 

                     Net fixed assets 
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This rate is supraunitary in the whole period analyzed, that reflects the fact 

that fixed assets are financed only from permanent sources. 

 

 
 

            3. General liquidity rate (RL)  

RLC = 
TermdebtsShort

gAssetsCirculatin

−

 

 

General liquidity rate compares the whole set of circulating assets with 

short-term debts. This rate reflects the capacity or incapacity of the company to pay 

its short-term debts only from circulating assets possessed in its patrimony. The 

higher the rate compared to the value of 1, the more the company is safeguarded 

from a treasury scarcity, which could be caused by the repayment of short-term 

debt at the request of creditors.  

This rate is supraunitary, that means that  Csikizo Company is safeguarded 

from a treasury scarcity. 
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4. Rapid or low liquidity rate (RLR)  - expresses the capacity of the 

company to pay short-term debts, from receivables and availabilities:  

RLR = 
TermdebtsShort

sLiquiditieceivables

−

−Re
  

 

The supraunitary value of the rate highlights the fact that stocks are not 

financed by short-term debts (no more than the imprests and interim payments 

received from customers).  In general, the report is subunitary and does not cause 

difficulties, as long as the company has enough stocks and correct treasury 

forecasts. In economic theory, there is a general belief that a rate between 0.8 and 1 

would represent the optimum situation regarding partial solvency. Csikizo 

Company recorded high levels of this rate, higher than 1 level. 

 
 

5. Long-term solvability rate (Rs) shows the extent to which total debts 

are covered by total assets, and reflects the security enjoyed by creditors, as well as 

the creditworthiness of the company.  

   

 

RS = Total assets 

              Total debts 

 

In order for the company to pay its long and short-term debts, a report 

value higher than 1,5 is recommended. If the value is lower ( Rs < 1,5), then there 

is an insolvability risk. However, payment incapacity and lack of liquidities at a 

given moment does not necessarily engender the company’s insolvability. If a 

liquidation procedure were initiated, this report would provide an overview of the 
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potential solvability. The company may be solvable even if, at a given moment, 

out of lack of liquidities, is in payment incapacity. Solvability is generated by an 

efficient activity, and the lack of payment capacity and liquidities may only be 

temporary, if the company has a general solvability.      

This rate expresses, in relative terms, an equivalent indicator with an 

absolute value corresponding to the assets engaged in debts: the net situation. A 

rate value lower than 1,5 highlights the insolvability risk that funds suppliers took 

for the company, risk also highlighted in the analysis of financial balance, of 

negative value of the net situation. In the case when the company’s financial 

problems become regular, they can jeopardize fundamental balances and may 

affect the company’s reputation, as well as future activities.  

Throughout the period analyzed, long-term solvability rate has recorded 

values > 1,5, that means that the company  Csikizo may reimburse the total debts. 

 
 

  6. Leverage rate (L) or Total indebtedness coefficient reflects the level to which 

equity ensures the financing of the company’s activities. This indicator may also be 

interpreted as the rate of financial autonomy of the company, and shows the degree to 

which its short and long-term debts are ensured by the company’s equity.   

 

RL= 
Equity

TotalDebts
 

 

The higher the leverage rate in comparison to 1, the more the company will 

depend on its creditors.  In the whole period analyzed, the rate was subunitary, that 

means that the bank can continue granting loans with confidence.  
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7. Receivables rotation duration (Rcr) 

 

Rcr =  

 

Receivables rotation duration shows the number of days required for 

collecting debts from third parties.  Ideally, the duration of this period should be 

less than 30 days. 

This rate has recorded high values in the period analyzed, but in 2010 was 

recorded the highest value. 

 
 

 

 

8. Suppliers’ payment duration 

 

      Suppliers’ payment duration = 360×

Turnover

Suppliers
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Suppliers’ payment duration expresses the number of days in which 

suppliers are being paid. The company usually needs for this period to be as long as 

possible, but this should not exceed 30 days. 

On Csikizo Company we can observe high levels of this rate > 30 days. The 

exception was the year 2009. 

 
 

9. Repayment capacity rate (RCR) also known as credits coverage rate 

expresses in number of years the capacity of the company to fully repay loans 

contracted on long-term.   

 

Rcr =  Loans  

                 Net Profit +Amortization 

 

In 2010, at the Csikizo Company the repayment capacity grew up very 

much, comparative to the previous years. 
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10. The Return of Assets (ROA) reflects the difference between an 

economic result: gross profit, known in specialized literature as EBIT and the 

economic means used for its achievement (total assets). 

 

ROA = 100
Pr

×

sTotalAsset

ofitGross
 

 

The advantages generated by the return rate in the analytical sphere are due 

to the fact that the rate does not depend on the financial structure, the state fiscal 

policies through which profit is taxed, or on exceptional elements. In 2010, ROA 

decreased drastically.   

 
 

 

11. The Return on Equity (ROE), known in French economic literature as 

“financial return rate”, and abbreviated in the Anglo-Saxon literature as ROE: 

 

ROE = 100
Pr

×

Equity

ofitNet
 

The indicator shows the efficiency of the capital invested by shareholders.  

A low rate may lead to the dissatisfaction of shareholders because it does not 

provide the possibility of dividend distribution according to their expectations, but 

a low rate can also reflect a potential over-capitalization. Another interpretation of 

the indicator’s low level may be the profit reinvestment policy for the increase of 

assets and future income flows, which can lead to an increase in ROE in the future, 

generating satisfaction among shareholders.  

A too high rate level indicates a sub-capitalization and thus a high level of 

indebtedness. ROE is one of the most important return indicators, being used by 
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company owners and potential investors in the investment decision-making 

process. A good ROE rate facilitates the attraction of new capital because it 

indicates a good management strategy for conducting profitable business.  

This index may vary significantly from one company to another, or from 

one period to another as a result of the difference in the financial structure. The 

ROE of an company with a rapid growth, will record a constant decrease even if 

net sales and earnings progress well. This fact may be due to the fact that in its 

beginnings, the company was subcapitalized.  

Getting large profit in an company with low own financing can nevertheless 

have an incredible ROE evolution. A decreasing trend of the rate, in the case of a 

heavily-capitalized company, should not be seen as negative – as long the rate does 

not go below the minimum limit allowed in that particular industry.  In 2010, ROE 

decreased drastically for the company analyzed.   
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V.5.RESEARCH REPORT ON SC BIOFARM SA 

 

BIOFARM S.A. is a company which is focused on production of 

pharmaceutics products, and was established in 1921. The main activity of the 

company consists in production of 190 medical products which can cure more than 

60 diseases. Since 2000, the company is a market leader in Eastern European on 

several categories of pharmaceutics.  

In the last year analyzed (2011), even if the turnover increased with about 

13,55%, up to 93.443.090 RON, the net profit has halved. 

  

The results of the indicators at the company BIOFARM SA 

Nr. 

Crt. 
Indicator Formula 2009 2010 2011 

 

1 

 

Global financial 

autonomy rate       

 

88,30% 86,64% 83,26% 

 

2 

 

Fixed assets 

financing rate 

 

Permanent Equity 

 Net fixed assets 

 

1,95 2,23 2,30 

 

3 

 

General liquidity 

rate       
TermdebtsShort

gAssetsCirculatin

−

 

 

6,60 5,50 4,36 

 

4 

 

Rapid or low 

liquidity rate 
TermdebtsShort

sLiquiditieceivables

−

−Re
 

 

4,92 5,45 4,34 

 

5 

 

Long-term 

solvability rate 

 

Total assets 

Total debts 

 

8,54 6,63 5,97 

 

6 

 

Leverage rate 

            

           
Equity

TotalDebts
 

0,14 0,16 0,20 

100x
litiesTotalliabi

Equity
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7 

 

Receivables 

rotation duration 

 

      

 

173,98 

days 

59,29 

days 

102,13 

days 

 

8 

 

Suppliers’ 

payment duration 

 

      360×

Turnover

Suppliers
 

 

53 days 67,85 

days 

102,27 

days 

 

9 

 

Repayment 

capacity rate 

 

Loans / 

(Net Profit + Amortization) 

 

0,03 0,04 0,03 

 

10 

 

ROA 

 

     100
Pr

×

sTotalAsset

ofitGross
 

 

14,65% 10,72% 1,38% 

 

11 

 

ROE 

 

     100
Pr

×

Equity

ofitNet
 

 

14,44% 9,89% 3,26% 

Source: Author’s own projection based on the annual financial statements 

 

1. Global financial autonomy rate (RAFG)  

  RAFG = 
 

 

This rate shows how much of the company’s assets are financed from own 

resources. By reflecting the weight of the share capital in total financing sources, it 

is desirable that the rate is as high as possible.  However, it is difficult to establish 

an optimal level of the rate, given the financial policies of each company. A rate of 

global financial autonomy higher than 33% is considered to be satisfactory. At the 

BIOFARM SA, this rate exceeds the recommended minimum of 33% for the entire 

period of analysis. 
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            2.  Fixed assets financing rate (RFRP) 

 

RFRP =  Permanent Equity 

                     Net fixed assets 

 

For the entire period of analysis this rate is supraunitary, which reflects the 

fact that fixed assets are financed only from permanent sources. 

 

 
 

            3. General liquidity rate (RL)  
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RLC = 
TermdebtsShort

gAssetsCirculatin

−

 

 

General liquidity rate compares the whole set of circulating assets with 

short-term debts. This rate reflects the capacity or incapacity of the company to pay 

its short-term debts only from circulating assets possessed in its patrimony. The 

higher the rate compared to the value of 1, the more the company is safeguarded 

from a treasury scarcity, which could be caused by the repayment of short-term 

debt at the request of creditors.  

This rate is supraunitary, which means that BIOFARM SA is safeguarded 

from a treasury scarcity. 

 
 

4. Rapid or low liquidity rate (RLR)  - expresses the capacity of the 

company to pay short-term debts, from receivables and availabilities:  

RLR = 
TermdebtsShort

sLiquiditieceivables

−

−Re
  

 

The supraunitary value of the rate highlights the fact that stocks are not 

financed by short-term debts (no more than the imprests and interim payments 

received from customers).  In general, the report is subunitary and does not cause 

difficulties, as long as the company has enough stocks and correct treasury 

forecasts. In economic theory, there is a general belief that a rate between 0.8 and 1 
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would represent the optimum situation regarding partial solvency. SC BIOFARM 

SA recorded excellent results for the rapid or low liquidity rate. 

 
 

5. Long-term solvability rate (Rs) shows the extent to which total debts 

are covered by total assets, and reflects the security enjoyed by creditors, as well as 

the creditworthiness of the company.  

   

RS = Total assets 

              Total debts 

 

In order for the company to pay its long and short-term debts, a report 

value higher than 1,5 is recommended. If the value is lower ( Rs < 1,5), then there 

is an insolvability risk. However, payment incapacity and lack of liquidities at a 

given moment does not necessarily engender the company’s insolvability. If a 

liquidation procedure were initiated, this report would provide an overview of the 

potential solvability. The company may be solvable even if, at a given moment, 

out of lack of liquidities, is in payment incapacity. Solvability is generated by an 

efficient activity, and the lack of payment capacity and liquidities may only be 

temporary, if the company has a general solvability.      

This rate expresses, in relative terms, an equivalent indicator with an 

absolute value corresponding to the assets engaged in debts: the net situation. A 

rate value lower than 1,5 highlights the insolvability risk that funds suppliers took 

for the company, risk also highlighted in the analysis of financial balance, of 

negative value of the net situation. In the case when the company’s financial 

problems become regular, they can jeopardize fundamental balances and may 
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affect the company’s reputation, as well as future activities.  

Throughout the period analyzed, long-term solvability rate has recorded 

values > 1,5, that means that the company BIOFARM SA may reimburse the total 

debts. 

 
 

  6. Leverage rate (L) or Total indebtedness coefficient reflects the level to which 

equity ensures the financing of the company’s activities. This indicator may also be 

interpreted as the rate of financial autonomy of the company, and shows the degree to 

which its short and long-term debts are ensured by the company’s equity.   

 

RL= 
Equity

TotalDebts
 

 

The higher the leverage rate in comparison to 1, the more the company will 

depend on its creditors.  For the entire period of analysis the rate was subunitary, 

which means that the bank can continue granting loans with confidence..   
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7. Receivables rotation duration (Rcr) 

 

Rcr =  

 

Receivables rotation duration shows the number of days required for 

collecting debts from third parties.  Ideally, the duration of this period should be 

less than 30 days. 

This rate has recorded high values in the period analyzed, the record being 

registered in 2009 173,98 days. 
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8. Suppliers’ payment duration 

 

      Suppliers’ payment duration = 360×

Turnover

Suppliers
 

 

Suppliers’ payment duration expresses the number of days in which 

suppliers are being paid. The company usually needs for this period to be as long as 

possible, but this should not exceed 30 days. 

On BIOFARM SA we can observe a positive tendence of increase in order 

to equilibrate the receivables with the suppliers. 

 
 

9. Repayment capacity rate (RCR) also known as credits coverage rate 

expresses in number of years the capacity of the company to fully repay loans 

contracted on long-term.   

 

Rcr =  Loans  

                 Net Profit +Amortization 

 

For the entire period, at the BIOFARM SA, the repayment capacity was 

less than four years. 
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10. The Return of Assets (ROA) reflects the difference between an 

economic result: gross profit, known in specialized literature as EBIT and the 

economic means used for its achievement (total assets). 

 

ROA = 100
Pr

×

sTotalAsset

ofitGross
 

 

The advantages generated by the return rate in the analytical sphere are due 

to the fact that the rate does not depend on the financial structure, the state fiscal 

policies through which profit is taxed, or on exceptional elements.   
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11. The Return on Equity (ROE), known in French economic literature as 

“financial return rate”, and abbreviated in the Anglo-Saxon literature as ROE: 

 

ROE = 100
Pr

×

Equity

ofitNet
 

 

The indicator shows the efficiency of the capital invested by shareholders.  

A low rate may lead to the dissatisfaction of shareholders because it does not 

provide the possibility of dividend distribution according to their expectations, but 

a low rate can also reflect a potential over-capitalization.   

Another interpretation of the indicator’s low level may be the profit 

reinvestment policy for the increase of assets and future income flows, which can 

lead to an increase in ROE in the future, generating satisfaction among 

shareholders.  

A too high rate level indicates a sub-capitalization and thus a high level of 

indebtedness.  

ROE is one of the most important return indicators, being used by company 

owners and potential investors in the investment decision-making process.   

A good ROE rate facilitates the attraction of new capital because it indicates 

a good management strategy for conducting profitable business.  

This index may vary significantly from one company to another, or from 

one period to another as a result of the difference in the financial structure. The 

ROE of an company with a rapid growth, will record a constant decrease even if 

net sales and earnings progress well. This fact may be due to the fact that in its 

beginnings, the company was subcapitalized.  

Getting large profit in an company with low own financing can nevertheless 

have an incredible ROE evolution. A decreasing trend of the rate, in the case of a 

heavily-capitalized company, should not be seen as negative – as long the rate does 

not go below the minimum limit allowed in that particular industry.  In 2011, has 

recorded the lowest level of ROE for the company BIOFARM SA.  



281 

 

 
 

 

  

0

2

4

6

8

10

12

14

16

2009 2010 2011

ROE



282 

 

 

V.6. RESEARCH REPORT ON  

EURO CARAMIDA 

 

Based on the investor’s experience of generations in manufacturing 

construction materials made of burnt clay in the year 2006 SC EURO POROTON 

was formed. The object of activity is the production and the commercialization of 

bricks, ceramic blocks €POROTON type, brand registered at the State Patent and 

Trademark Office through the Trademark Registration Certificate no. 71963/2005. 

The company’s social headquarters, as well as the ceramic blocks factory are 

located in Biharia, No.1 Caramizii Street, Bihor County. 

The unit is specialized in the production of raw ceramic construction 

materials, particularly of the high thermal performance ceramic blocks used in the 

civil and industrial constructions, for the execution of walls: structural, non-

structural, compartmentalization, or filling for the buildings built on frame 

structures. The quality and the typology of the products offered to the market from 

Romania, as well as their price, determined their quicker adoption and usage in the 

buildings construction from Transylvania and the surroundings. The marketing 

policy is to sell to the major distributors in the area, leading to a real commercial 

success in the construction materials market from the field. 

  The company’s quality policy is the permanent preoccupation for the 

performance in activity, and through the management at the highest level imposed 

as a major imperative, the quality, with a continous orientation to the clients’ 

requests, according to the policy declaration in the quality field. This objective 

materialized itself through the implementation of the Quality Management System 

in accordance with SR EN 9001/2008, certified by CERTROM Bucharest.  

In accordance with the Directive 89/106/CEE –DPC on the laws’ 

harmonization, regulation and of the amministrative provisions of the Member 
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States of the European Community refering to the construction products with the 

Law 608/20041 on the products conformity evaluation and with the Government 

Decision no. 622/2004 with the subsequent amendments and completions regarding 

the establishment of the conditions of introduction of the construction products on 

the market, the products Europoroton manufactured in Romania are in accordance 

with the applicable standards: SR EN 771-1/2003 /A1/2005, CR 6/2006, SEISMIC 

PROJECTION NORMATIVE P100-1/2006. The products conformity and 

production control at the Factory are certified CERTROM-BUCHAREST, in base 

of the testing report issued by the Procema Timisoara and of the relative 

documentation. 

Financial indicators have an essential role in the assessment of performance 

and efficiency of a firm, as well as in the consolidation of management decisions. 

As regards liquidity indicators, these have a special meaning for the firm itself, 

shareholders, but also for creditors, suppliers and employees. 

 

 

Table no.1. The evolution of the main indicators of the company EURO 

CARAMIDA in the period 2008-2011 

 

Nr. Crt. Indicator 2008 2009 2010 2011 

1 Global financial autonomy 

rate 63,51% 87,9% 78,95% 67,66% 

2 Fixed assets financing rate 1,07 1,28 1,19 1,35 

3 General liquidity rate 1,37 3,81 1,76 2,15 

4 Low or fast liquidity rate 1,001 2,86 1,44 2,06 

5 Long-term solvency rate 2,74 8,27 6,56 5,66 

6 Leverage rate 0,57 0,14 0,18 0,26 

7 The rotation duration of 42 days 53 days 136 days 156 days 
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customers 

8 Suppliers’ payment duration 35 days 18 days 23 days 66 days 

9 Repayment capacity rate 0,75 0,28 0 0 

10 ROA 38,78% 28,81% 16,49% 10,36% 

11 ROE 52,56% 28,16% 17,97% 13,18% 

 

 

From the table no.1., we can see that in the analyzed period the leverage 

rate is less than one and financial debts ratio recorded low values, less than 0.57, 

reflecting financial autonomy of SC EURO CARAMIDA SA.  

 

Figure  no.1. The evolution of the leverage rate of the company EURO 

CARAMIDA in the period 2008-2011 

 

General liquidity ratio compares the whole set of circulating assets with short-

term debts. This rate reflects the capacity or incapacity of the company to pay its short-
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term debts only from circulating assets possessed in its patrimony.  The higher the rate 

compared to the value of 1, the more the company is safeguarded from a treasury 

scarcity, which could be caused by the repayment of short-term debt at the request of 

creditors. General liquidity ratio values are very good, with more than 1, reflecting the 

fact that the analyzed company can pay its short term debts only from its current assets 

owned.  

 

Figure  no.2. The evolution of the General liquidity ratio of the company EURO 

CARAMIDA in the period 2008-2011 

 

Instead, ROA and ROE values are decreasing in the last 4 years and are 

relatively modest throughout the period. It is found to accelerate the speed of 

rotation of total assets in turnover and average length of rotation of stocks is 

optimal, which is positive for the company. The average duration of collection of 

receivables is quite large and growing, which is a bad thing for the company. 
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Figure  no.3. The evolution of ROA and ROE of the company EURO 

CARAMIDA in the period 2008-2011 

 

The advantages generated by the return rate in the analytical sphere are due 

to the fact that the rate does not depend on the financial structure, the state fiscal 

policies through which profit is taxed, or on exceptional elements.   
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V.7.RESEARCH REPORT ON EPKERSERVICE SA 

 

Epkerservice SA is a company which operates in the construction sector 

from Debrecen, Hungary. The main activities are construction, trade contractors, 

new buildings and structures. The evolution of turnover is dependend on the new 

contracts and therefore has a fluctuant evolution. 

                                                                                                                  Thousand 

Forint 

Indicator / Year 2008 2009 2010 2011 

Turnover 1280386 773837 1597162 610731 

Net Profit 19468 52346 71588 101928 

 

 

If the turnover has a wide fluctuations the net profit has a positive evolution 

for the analyzed period. Turnover decreased by approximately 50% over the past 

four years but the profit rose with 500%. 

 

The results of the indicators at the company Epkerservice SA 

Nr. 

Crt. 
Indicator Formula 2008 2009 2010 2011 
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1 

 

Global 

financial 

autonomy 

rate 

      

77.79%   59.10%  67.10%  83.08% 

 

2 

 

Fixed assets 

financing 

rate 

 

Permanent Equity 

 Net fixed assets 

2.22  2.53  2.72  3.26 

 

3 

 

General 

liquidity rate 
      

CirculatingAssets

Short− Termdebts
 

3.71  1.98  2.76  6.54  

 

4 

 

Rapid or low 

liquidity rate 

Receivables− Liquidities

Short− Termdebts
 

2.33  1.56  1.9  5.5 

 

5 

 

Long-term 

solvability 

rate 

 

Total assets 

Total debts 

5.78  2.59  3.66  8.8  

 

6 

 

Leverage 

rate 

           
TotalDebts

Equity  
0.06  0.65  0.41  0.14 

 

7 

 

Receivables 

rotation 

duration 

 

      

28  194  108  93 

 

8 

 

Suppliers’ 

payment 

duration 

 

      
Suppliers

Turnover
× 360

 

25  110  52  30 

 

9 

 

Repayment 

           Loans / 

(Net Profit + Amortization) 

0.01  1.45  0  0 

100x
litiesTotalliabi

Equity

360
Re

×

Turnover

ceivables
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capacity rate 

 

10 

 

ROA 
     

GrossPr ofit

TotalAssets
× 100

 
7.31%   8.33%  10.84%  14.46% 

 

11 

 

ROE 
     

NetPr ofit

Equity
× 100

 
5.88%   12.11%  13.60%  16.25% 

Source: Author’s own projection based on the annual financial statements 

 

1. Global financial autonomy rate (RAFG)  

  RAFG =  

Global financial autonomy rate shows how much of the assets are financed 

from own resources, the perfect situation is when the value of the Global financial 

autonomy rate is close to 1, but ussualy a rate of global financial autonomy higher 

than 33% is considered to be satisfactory. At the Epkerservice SA, this rate has a 

level: 83.08% in the last year, with an upward trend 

 

 

2.  

Fixe

d 

asset

s 

fina

ncin

g 

rate (RFRP) 

RFRP =  Permanent Equity 

                     Net fixed assets 

100x
litiesTotalliabi

Equity
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This rate is supra-unitary for the whole analyzed period, this reflects the 

fact that fixed assets are financed only from permanent sources, and the evolution 

of Fixed assets financing rate is increasing from one year to another. 

 

 

 

3. General liquidity rate (RL)  

RLC = 
CirculatingAssets

Short− Termdebts
 

 

General liquidity rate compares the value of circulating assets with short-

term debts. This rate reflects the capacity or incapacity of the company to pay its 

short-term debts only from circulating assets possessed in its patrimony. The higher 

the rate compared to the value of 1, the more the company is safeguarded from a 

treasury scarcity, which could be caused by the repayment of short-term debt at the 

request of creditors.  

This rate is supra-unitary, that means that Epkerservice SA has a good 

liquidity, in 2009 and 2010 the value was small than the average for the analyzed 
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period but in 2011 the value of the General liquidity rate has rose to over 6, which 

is a very high level of liquidity. 

 

 

4. Rapid or low liquidity rate (RLR)  - expresses the capacity of the 

company to pay short-term debts, from receivables and availabilities:  

RLR = 
Receivables− Liquidities

Short− Termdebts
  

 

The supra-unitary value of the rate highlights the fact that stocks are not 

financed by short-term debts.  For all the period the value of the Rapid or low 

liquidity rate is supra-unitary with an upward trend. In economic theory, there is a 

rule of thumb that a rate between 0.8 and 1 would represent the optimum situation 

regarding partial solvency. Epkerservice SA recorded high  
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levels of this rate, higher than 1 level. 

 

5. Long-term solvability rate (Rs) shows the extent to which total debts 

are covered by total assets, and reflects the security enjoyed by creditors, as well as 

the creditworthiness of the company.  

 

RS = Total assets 

              Total debts 

In order for the company to pay its long and short-term debts, a report 

value higher than 1,5 is recommended. If the value is lower ( Rs < 1,5), then there 

is an insolvability risk. However, payment incapacity and lack of liquidities at a 

given moment does not necessarily engender the company solvability. The 

company may be solvable even if, at a given moment, out of lack of liquidities, is 

in payment incapacity. Solvability is generated by an efficient activity, and the 

lack of payment capacity and liquidities may only be temporary.      

This rate expresses, in relative terms, an equivalent indicator with an 

absolute value corresponding to the assets engaged in debts: the net situation. A 

rate value lower than 1,5 highlights the insolvability risk that funds suppliers took 

for the company, risk also highlighted in the analysis of financial balance, of 

negative value of the net situation. In the case when the company’s financial 

problems become regular, they can jeopardize fundamental balances and may 

affect the company’s reputation, as well as future activities.  
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Throughout the period analyzed, long-term solvability rate has recorded 

values > 1.5, that means that the company  Epkerservice SA may reimburse the 

total debts. 

 

   

 

6

. 

Levera

ge 

rate 

(L) or 

Total indebtedness coefficient reflects the level to which equity ensures the financing of 

the company’s activities. This indicator may also be interpreted as the rate of financial 

autonomy of the company, and shows the degree to which its short and long-term debts 

are ensured by the company’s equity.   

 

RL= 
TotalDebts

Equity  

The higher the leverage rate in comparison to 1, the more the company will 

depend on its creditors.  In the whole period analyzed, the rate was subunitary, that 

means that the bank can continue granting loans with confidence.  
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7. Receivables rotation duration (Rcr) 

 

Rcr =  

 

Receivables rotation duration shows the number of days required for 

collecting debts from third parties.  Ideally, the duration of this period should be 

less than 30 days. 

This rate has recorded high values in the period analyzed, but the highest 

value was in 2009, over 190 days. 

 

 

 

 

 

 

 

8. Suppliers’ payment duration 

 

      Suppliers’ payment duration = 
Suppliers

Turnover
× 360  

 

Suppliers’ payment duration expresses the number of days in which 

suppliers are being paid. The company usually needs for this period to be as long as 

possible in the case of Epkerservice SA we can observe high levels of this rate > 30 

days in 2009 and 2010. While in 2011 the duration is 30 days. 

360
Re

×

Turnover

ceivables
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9

. 

Rep

aym

ent 

cap

acity rate (RCR) also known as credits coverage rate expresses in number of years 

the capacity of the company to fully repay loans contracted on long-term.   

 

Rcr =  Loans  

                 Net Profit +Amortization 

 

In 2010 and 2011 at the Epkerservice SA the repayment capacity value is 0 

because the loans have been repaid. 

 

 

 

1

0. The 

Retur

n of 

Assets (ROA) reflects the difference between an economic result: gross profit, 

known in specialized literature as EBIT and the economic means used for its 

achievement (total assets). 
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ROA = 
GrossPr ofit

TotalAssets
× 100  

 

 For the analyzed period the level of ROA indicator increased from one year 

to another as the level of gross profits also have been increasing. 

 

 

 

 

1

1. 

The 

Retu

rn 

on Equity (ROE): 

 

ROE = 
NetPr ofit

Equity
× 100  

 

The indicator shows the efficiency of the capital invested by shareholders.  

A low rate may lead to the dissatisfaction of shareholders because it does not 

provide the possibility of dividend distribution according to their expectations, but 

a low rate can also reflect a potential over-capitalization.   

Another interpretation of the indicator’s low level may be the profit 

reinvestment policy for the increase of assets and future income flows, which can 

lead to an increase in ROE in the future, generating satisfaction among 

shareholders. A too high rate level indicates a sub-capitalization and thus a high 

level of indebtedness.  
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ROE is one of the most important return indicators, being used by company 

owners and potential investors in the investment decision-making process. A good 

ROE rate facilitates the attraction of new capital because it indicates a good 

management strategy for conducting profitable business.   

We observe an increasing trend of the ROE for the 2008-2011 period. And 

after analyzing the most important financial indicators we can conclude that the 

financial situation of the company has improved over the analyzed period. 
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V.8. RESEARCH REPORT ON BETON CONSTRUCT 

 

The specific of Beton Construct company is balastra processing, producing 

sorted and crushed aggregate and concrete production. Beton Construct is a 

dynamic company that offers customers performance and produced with quality / 

price very affordable. 

The company has always invested in continuous improvement of product 

quality, production capacity and technical equipment, becoming - since 1999 - the 

local leader in the production of concrete and aggregates. 

 To compare the financial statements and the results achieved by companies 

in the different countries is very important that they are made on basis of principles 

and common methods. 

 Globalization of economies and financial markets implies the possibility of 

comparing accounts worldwide. The great investors and lenders are facing a 

permanent basis, the need for understanding and comparing financial statements 

and performances of enterprises, whatever legal and accounting systems from 

which they originate.  

 Based on financial statements can cause a number of indicators that can 

give us an overview of the work carried out by economic entities. 

 From the mathematical point of view, there is an opportunity to make a 

large number of rates as a result of different combinations of BSI or information 

contained in the summary. In fact, a business analysis of the rate method is a 

technique often used in the financial diagnosis.  
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Table no.1. The evolution of the main indicators of the company  

Beton Construct in the period 2008-2011 

Nr. 

Crt. 
Indicator 2008 2009 2010 2011 

1 Global financial autonomy rate 46,63% 34,21% 56,01% 62,47% 

2 Fixed assets financing rate 2,02 2,46 1,68 1,96 

3 General liquidity rate 2,10 1,56 1,72 2,27 

4 Low or fast liquidity rate 2,07 1,56 1,58 2,15 

5 Long-term solvency rate 1,91 1,63 2,64 3,08 

6 Leverage rate 1,12 1,79 0,68 0,52 

7 The rotation duration of 

customers 

178 

days 

324 

days 

301 

days 

186 

days 

8 Suppliers’ payment duration 79 days 196 

days 

143 

days 

76 days 

9 Repayment capacity rate 0,73 1,51 0,37 0,58 

10 ROA 28,07% 4,36% 0,97% 0,92% 

11 ROE 51,90% 10,43 0,55% 1,17% 

 

The global financial autonomy rate shows how much of the company’s 

assets are financed from own resources. By reflecting the weight of the share 

capital in total financing sources, it is desirable that the rate is as high as possible.  

A rate of global financial autonomy higher than 1/3 is considered to be satisfactory. 

We can see from Table no.1 that the values of this indicator are higher than 34%. 
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Figure  no.1. The evolution of the global financial autonomy rate of the company 

Beton Construct in the period 2008-2011 

 

The fixed assets financing rate, working capital rate (RFR) expresses the 

conditions of financing immobilized assets in two ways: either through a functional 

working capital or through a net or financial working capital.   

The indicator is supraunitary that  reflects the existence of a positive working 

capital, i.e. the fact that fixed assets are financed only from permanent sources, and that 

the company is experiencing long-term financial stability. A subunitary rate reflect a 

negative working capital, which means that the company in on long-term financial 

instability.  

 

The general liquidity rate (RL) compares the whole set of circulating assets with 

short-term debts. This rate reflects the capacity or incapacity of the company to pay its 

short-term debts only from circulating assets possessed in its patrimony.   
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The higher the rate compared to the value of 1, the more the company is 

safeguarded from a treasury scarcity, which could be caused by the repayment of short-

term debt at the request of creditors.  

 

 

Figure  no.2. The evolution of the fixed assets financing rate and of the general 

liquidity rate of the company Beton Construct in the period 2008-2011 

 

The rapid or low liquidity rate (RLR)  - expresses the capacity of the company to 

pay short-term debts, from receivables and availabilities. 

The values are higher than 1,56 that highlights the fact that stocks are not 

financed by short-term debts (no more than the imprests and interim payments 

received from customers).  In general, the report is subunitary and does not cause 

difficulties, as long as the company has enough stocks and correct treasury 

forecasts.  In economic theory, there is a general belief that a rate between 0.8 and 

1 would represent the optimum situation regarding partial solvency. 

The long-term solvability rate (R) shows the extent to which total debts are 

covered by total assets, and reflects the security enjoyed by creditors, as well as the 
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creditworthiness of the company.   In order for the company to pay its long and 

short-term debts, the value are higher than 1,5   

This rate expresses, in relative terms, an equivalent indicator with an absolute 

value corresponding to the assets engaged in debts: the net situation. A rate value 

lower than 1,5 highlights the insolvability risk that funds suppliers took for the 

company, risk also highlighted in the analysis of financial balance, of negative 

value of the net situation. In the case when the company’s financial problems 

become regular, they can jeopardize fundamental balances and may affect the 

company’s reputation, as well as future activities.  

The leverage rate (L) or total indebtedness coefficient reflects the level to 

which equity ensures the financing of the company’s activities. This indicator may 

also be interpreted as the rate of financial autonomy of the company, and shows the 

degree to which its short and long-term debts are ensured by the company’s equity.   

 

The higher the leverage rate in comparison to 1, the more the company will depend 

on its creditors. In 201 and 2011 the rate was subunitary, so the bank can continue 

granting loans with confidence. 
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Figure  no.3. The evolution of The leverage rate, long-term solvability rate and 

rapid or low liquidity rate of the company Beton Construct in the period 2008-2011 

 

 Instead, ROA and ROE values are decreasing in the last 4 years and are 

relatively modest throughout the period. It is found to accelerate the speed of 

rotation of total assets in turnover and average length of rotation of stocks is 

optimal, which is positive for the company. The average duration of collection of 

receivables is quite large and growing, which is a bad thing for the company. 

 
Figure  no.4. The evolution of ROA and ROE of the company Beton Construct 

in the period 2008-2011 
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