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Econometric framework 
 

1.  Structural relations 
 
 Development and war are linked through a set of structural relations that can be theoretically 
summarized by the following system of equations: 
 

(1)  

(2)  

(3)  

(4)  
 
 where i denotes a generic country and t is time, y is the empirical measure of development (i.e. the 
level of per-capita GDP), w is the war duration variable, X and Z are sets of other determinants of y, x(j) is a 
generic item of X (j=1, 2,…n), Ms are set of additional controls, ε and s are error terms, and β, 

y
s, A, B, 

Cs are all coefficients to be estimated. 
 
 Equation (1) defines the development as a function of war time and various controls. These controls 
are for convenience divided in two sets. Set Z encapsulate controls that are unaffected by war (i.e. 
geographical location, distance from equator, etc). Set X instead includes controls that are affected by war. 
Examples of variables that are in X include policy indicators, the stock of physical capital, the quality of 
institutions, and, possibly, the degree of international trade integration. Equations (2)-(4) then capture the 
relationship between war and the X variables.  
 
 Most of the empirical work on the effects of war is based on the estimation of an equation like (1).  In 
this case, the development cost of war is captured by the estimated parameter β. However, if the set X is not 
empty; that is, if there are effectively some determinants of development which are also affected by war, then 
the estimate of β is likely to be biased. The problem is actually even subtler: the w and the X are likely to be 
highly correlated and therefore there is multi-collinearity on the right hand side of (1). Multi-collineairty in 
turn implies that the coefficient β (and probably also the coefficients B) are imprecisely estimated. The 
consequence is an increase in the likelihood of not rejecting the null hypothesis of the test of significance of 
β. In other words, one is more likely to erroneously conclude that there is no significant effect on 
development. 
 
 The methodological approach taken in this report is to estimate all of the equations of the structural 
model. In this way, it is possible to disentangle between the direct and the indirect effects of war. More 
specifically, the indirect effects result from the combination of (a) the direct effect of war on the X variables 
of development (captured by the parameters 
specifically, the indirect effects result from the combination of (a) the direct effect of war on the 

, 
specifically, the indirect effects result from the combination of (a) the direct effect of war on the 

, ..  in equations (2)-(4)); and (b) the direct effect 
of the X variables on development (captured by the parameters A in equation (1)). The residual effect of war 
on development (that is the effect of war on development after accounting for effects transmitted via the Xs) 
is instead captured by β in equation (1). This structural representation is not just econometrically more 
appropriate than a single equation reduced form model, but it also provides policymakers with more 
exhaustive information about the channels through which war affects the dynamics of development.  As a 
matter of fact, from the estimation of the structural model, one can know whether war retards development 



2727

because of its deleterious effect on, say, trade rather than the depletion of physical capital or the deterioration 
of institutions. Such knowledge can then be used to design appropriate policy responses to foster 
development in the aftermath of a conflict. In fact, system estimation has been used in various areas of 
applied macroeconomics.196  However, the assessment of the development costs of war by means of a system 
of structural equations is quite novel.197 
 

2.  Estimation issues 
 
 The estimation of the equations of the structural model poses two main econometric challenges. First, 
it is customary in empirical applications to view the error term of a panel regression equation (such as those 
in the structural model above) as the sum of two separate components: a country fixed-effect δi, which 
accounts for unobserved heterogeneity across countries (or individuals, depending on the unit of observation 
of the panel) and a white noise ui,t. The inclusion of a country-fixed effect does not make ordinary or 
generalised least squares inconsistent as long as δi can be assumed to be uncorrelated with the other 
regressors. However, such an assumption is necessarily violated if the regressions include a lagged 
dependent variable. To see this, consider for instance the dynamic specification of equation (1): 
 

(5)  
 
 Then: 
 

(6) (6)
 

 where the last inequality follows from the fact that at least E( . Now, lagged dependent 
variables are generally included in regressions of macro variables in order to account for conditional 
convergence and other forms of mean reversion. The issue in estimating the structural model (1)-(4) is 
therefore to identify an appropriate estimation procedure that provides a consistent treatment of the 
correlation between the country-fixed effect and lagged dependent variable. 
 
 The second econometric challenge has to do with the issue of endogeneity. War duration is likely to be 
endogenous to most measures of development and possibly also to several of the other determinants of 
development. For instance, suppose that development is measured by per-capita income. Then it is 
reasonable to assume that richer countries face a lower risk of war, especially intrastate war. This would be 
because of the comparatively higher opportunity cost of war and the existence of alternative economic 
activities that are more profitable than fighting. Therefore, there would be endogeneity in equation (1).  
However, the issue would extend to the other equations. Institutional quality is certainly a determinant of 
per-capita income and it is likely to be a channel through which the effect of war on income is transmitted. In 
this respect, institutional quality would be the dependent variable of equation (2). 
 
 Similarly, trade and physical capital are among the determinants of income that are affected by war 
and hence they would appear as dependent variables in equations (3) and (4). However, war is in theory 

                                                           

196 For instance, to analyse the endogenous evolution of income and inequality, see M. Lundberg and L. Squire, “The 
Simultaneous Evolution of Growth and Inequality”, Economic Journal, vol. 113, No. 487 (2003), pp. 326-344; F. Carmignani, The 
Making of Pro-poor Growth (Macroeconomics Research Group, University of Queensland, 2009); and H.C. Huang, Y.C. Lin and 
C.C. Yeh, “Joint Determinants of Inequality and Growth”, Economic Letters, vol. 103, No. 3 (2009), pp. 163-166. 

197 As already pointed out, the standard approach in the literature is to use a single equation model. A notable exception is 
Gupta et al. who use a system of equations to test the effect of war on growth through fiscal policy variables. See S. Gupta et al., 
“Fiscal Consequences of Armed Conflict and Terrorism in Low- and Middle-Income Countries”, European Journal of Political 
Economy, vol. 20, No. 2 (2004), pp. 403-421. 



2727

endogenous to institutions, trade, and possibly even physical capital. Better institutions can be expected to 
reduce the risk of war because they provide the conditions for a peaceful settlement of grievances and 
complaints. Trade creates economic links that are likely to improve diplomatic relations. Physical capital, 
similarly to per-capita income, increases the opportunity cost of war. 
 
 The problem of endogeneity exists not only for war. As an example, consider again equation (1) when 
development is measured by per-capita income. A reasonable set of regressors would include, in addition to 
war, institutional quality and policy variables. However, both good institutions and good policies are more 
likely to occur in richer countries. This means that the relationship between institutions and per-capita 
income and between policies and per-capita income is two-ways and hence that regressors and dependent 
variable are simultaneously determined. More generally, as suggested by Caselli, Esquivel and Lefort in 
1996, one wonders whether the very notion of exogenous variables is at all useful in an income regression 
framework, the only exception being perhaps the morphological structure of a country’s geography.198  
 
 Arellano and Bond proposed a general framework that deals with both issues.199 In what follows, the 
general estimation procedure is presented for equation (5), which is simply equation (1) rewritten in order to 
explicit the lagged dependent variable and the country-fixed effect. Clearly, the procedure can be applied to 
all the other equations in the structural model. The first step is to eliminate the individual effects via a first 
difference transformation of the equation in levels: 
 

(7)  
 
 First-differencing eliminates the country-fixed effect (and any time invariant variable in X or Z). 
However, equation (7) cannot be directly estimated by an OLS or GLS given the following: (a) the problem 
of endogeneity is still present; and (b) the lagged dependent variable is now correlated with the composed-
error term through the contemporaneous terms in period t-1. 
 
 Hence, an instrumental variable (IV) procedure must be used. Arellano and Bond proposed an IV 
estimator that uses lagged values of the endogenous variables as instruments.200 More specifically, two 
identifying assumptions are made. First, there is no first order serial correlation of the residuals in levels; that 
is, E(
identifying assumptions a

. Note that if this assumption is valid, then   is correlated with (
, but not with 

. Note that if this assumption is valid, then 
 for k ≥ 2. It is therefore possible to test for the validity 

of the first identifying assumption by testing for the presence of second (or higher) order serial correlation in 
the first-differenced errors. Arellano and Bond developed the appropriate statistical test.  
 
 The second identifying assumption is that the variables measured at time t – 1 are predetermined for 

.  Under these two assumptions, then the lagged levels of y, w, X, and Z are valid instruments for the 
equation in first differences. That is, yi,0, wi,0, Xi,0, andZi,0 can be used as instruments in the regression of equation in first differences. That is, 

 on  
equation in first differences. That is, 

, then yi,1, wi,1, Xi,1, and Zi,1 can be used as instruments in the regression of 
 on   and so forth. A standard Hansen or Sargan test of over-identifying 

                                                           

198 F. Caselli, G. Esquivel and F. Lefort, “Reopening the Convergence Debate: A New Look at Cross-Country Growth 
Empirics”, Journal of Economic Growth, vol. 1 (1996), pp. 363-389. 

199 M. Arellano and S. Bond, “Some Tests of Specification for Panel Data: Monte Carlo Evidence and an Application to 
Employment Equations”, Review of Economic Studies, vol.58, No. 2 (1991), pp. 277-297. 

200 Ibid. See also F. Caselli, G. Esquivel and F. Lefort, “Reopening the Convergence Debate: A New Look at Cross-Country 
Growth Empirics”, Journal of Economic Growth, vol. 1 (1996), pp. 363-389. 
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assumptions can be performed in addition to the test of serial correlation in order to confirm the validity of 
the instrumenting procedure. 
 
 In subsequent work, Arellano and Bover, and Blundell and Bond showed that by using additional 
moment conditions it is possible to obtain an estimator with greater precision and better finite-sample 
properties.201 In particular, this improved procedure estimates both the level equation (5) and the first-
differenced equation (7) jointly as a system. The lagged levels are used as instruments for the first-
differenced equation and the lagged first-differences are used as instruments for the level equation. By 
retaining the level equation, this procedure also allows to obtain estimated coefficients for time invariant 
variables in X or Z.  
 
 This is particularly useful for two reasons. First of all, in order to disentangle the effect of war between 
ESCWA and other war-torn countries, interactive terms and ESCWA dummy variables will have to be added 
on the right hand side of the equations of the structural model. Without the level equation, it would not be 
possible to estimate a coefficient on the ESCWA dummy. Secondly, some of the key determinants of 
development in general and of income in particular are time-invariant. This is, for instance, the case of some 
geographical factor. Again, without the level equation, it would not be possible to estimate the effect of these 
time invariant factors. Taking all of this into account, the procedure of Arellano and Bover, and Blundell and 
Bond is chosen as the preferred estimator and hence applied to each of the equations of the structural 
model.202 Given that this estimator uses two-step generalized methods of moments (GMM) to exploit 
optimally the linear-moment restrictions implied by the dynamic specification of the regression model, it will 
be referred to as the dynamic-GMM estimator.203 
 
 Both the “difference” estimator of Arellano and Bond and the “system” estimator of Arellano and 
Bover and Blundell and Bond are not immune from problems. In particular, as the time dimension of the 
panel grows large, the number of instruments used in the estimation grows exponentially, thereby causing a 
risk of over-fitting the model.204 In fact, this study uses five-year averages of annual data over a period of 40 
years. This means that the time dimension of the panel is effectively T = 8. This is not large: the Monte Carlo 
simulations provided by Roodman indicate that instrument proliferation becomes a problem when T grows 
above 15.205 However, formal statistical tests or even generally accepted rules of thumb, are not yet available 
and hence the risk of over-fitting cannot be excluded a priori.  
 
 In order to deal with this problem, the following approach is taken:206 after obtaining results from the 
system GMM using all the instruments that are automatically generated by the procedure, new estimates are 
produced using only certain lags (instead of all lags) for instruments. In this way, the number of instrumented 
is capped and the risk of over-fitting further reduced. Subsequently, the estimates from the model with all the 
lags are compared to those from the model with only certain lags. Differences between the two sets of 
estimates turn out to be minimal. In fact, the p-values of the estimated coefficients are very close and the 

                                                           

201 See M. Arellano and O. Bover, “Another Look at the Instrumental Variable Estimation of Error Components Models”, 
Journal of Econometrics, vol. 68 (1995), pp. 29-51; and K. Blundell and S. Bond. “Initial Conditions and Moment Restrictions in 
Dynamic Panel Data Models”, Journal of Econometrics, vol. 87, No. 1 (1998), pp. 115-143. 

202 Ibid. 
203 The specification is dynamic in the sense that it includes a lagged dependent variable. 
204 A thorough discussion of this and related issues is provided in D. Roodman, “A Note on the Theme of Too Many 

Instruments”, Oxford Bulletin of Economics and Statistics, vol. 71, No. 1 (2009), pp. 135-158. 
205 Ibid. 
206 As suggested by D. Roodman, ibid. 
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results in the two cases are qualitatively very similar. This in turn indicates that the system GMM estimates 
reported in the sections below are reasonably robust to the proliferation of instruments. 
 
 The structural model is initially estimated using per-capita GDP as the dependent variable in equation 
(1). The dependent variables of the other equations will be those significant determinants of per-capita 
income which are also likely to be influenced by war. In order to identify them, it is therefore necessary to 
estimate equation (1) first.  The analysis is carried out in two stages. In the first stage, the equation 
is estimated without including the war variable. The purpose is to assess the baseline determinants of 
income. In the second stage, war is added to the baseline specification and potential transmission channels 
identified. The other equations of the structural model are then estimated. 
 In order to identify the specific effect of war in ESCWA countries, war variables are interacted with a 
dummy variable that takes value 1 if country i is a member of the ESCWA region. The income equation in 
levels is therefore written as: 
 

(8)  
 
where  andand  denote the years of civil and international war of country i in quinquennium t, di is 
a dummy variable that takes value 1 if country i is in the ESCWA region, and all of the other variables are as 
in equation (1). The use of the interactive term allows disentangling the effect of wars in ESCWA from other 
countries as follows. For the generic country i in the sample, the marginal effect of civil war is β1 and the 
marginal effect of international war is β2. For the generic ESCWA country, instead, the marginal effect of a 
civil war is (β1+β3) and the marginal effect of an interstate war is (β2+β4). Therefore, β3 and β4 respectively 
measure the differential effect of civil and interstate war in the ESCWA region.  
 
From equation (8), the first-differenced equation is: 
 
 (9)

 
 
 The dynamic-GMM estimator therefore estimates equations (8) and (9) as a system. 
The structural model includes a total of four equations, including the income equation (1). The remaining 
three equations have institutional quality, trade, and investment as the dependent variables. The rest of this 
section is devoted to the estimation of these other three equations. The general form of this other three 
equations is: 

 
(10)

 

 
where x(g) simply denotes the generic variable g in vector X; that is x(1) = institutions, x(2) = trade, and x(3) = 
investment. All of the other variables are as in the previous equations (2) and (8). The corresponding first-
differenced equation is: 

 
 
 
 
 



2222

(11) 
 

 
 
 So far, per-capita income has been used as the relevant proxy of development. Obviously, 
development is not just about per-capita income. Therefore, this section looks at the impact of war on various 
non-income dimensions of development. The structural model in this case takes the following form: 
 

(12)  
 

(13)  
 
 where h is a non-income indicator of development, φ, and ω are all coefficients to be estimated along 
with ρ, β, A, and B, and all of the other variables are as in equation (8). 
 
 Equation (12) expresses non-income development as a function of log of per-capita income y, war and 
country-fixed effects. The justification for the adoption of parsimonious specifications of this type in 
estimating regressions of social development indicators is provided by Carmignani.207 Basically, different 
from income and other macroeconomic variables such as trade and investment, social development 
indicators are not expected to exhibit strong conditional convergence dynamics and therefore the use of a 
lagged dependent variable becomes redundant.208 This in turn allows estimating equation (12) using a 
standard panel fixed-effect estimator. Equation (13) is instead the same as equation (8) and is a standard 
income model. Taken together, the two equations represent a structural model where war is allowed to affect 
social development both directly and indirectly via its effect on income. 
 

                                                           

207 See F. Carmignani, The Making of Pro-poor Growth (Macroeconomics Research Group, University of Queensland, 
2009). 

208 Ibid. See also S. Gupta et al., “Fiscal Consequences of Armed Conflict and Terrorism in Low- and Middle-Income 
Countries”, European Journal of Political Economy, vol. 20, No. 2 (2004), pp. 403-421. 
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