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Chapter Five 

Which Firms Are Financially 

Constrained? Evidence from Investment 

Analysis of Ethiopian Data 

 

5.1   Introduction  

Severe financial constraints are one of the most critical obstacles for firm 

investment in developing countries (Dinh et al., 2010; Banerjee and Dufflo, 

2008). Shortage of external financing could reduce the ability of firms to grow 

by investing in physical capital, with a potential adverse effect on economic 

performance at the aggregate level (Beck and Demirguc-Kunt, 2006). However, 

exposure to financial constraints is not uniform across firms for several 

reasons. Firstly, it is widely recognized that information asymmetry problems 

that raise the cost of external financing affect firms differently (Greenwald et 

al., 1984). Small firms, which are also generally younger, are considered risky 

borrowers because they lack established credit history, and because they have 

limited net worth to use as collateral (Beck et al., 2007; Carpenter and Petersen, 

2002). Furthermore, transaction costs such as costs of monitoring, screening, 

and contract enforcement per dollar borrowed tend to be higher for small 

firms, making external financing more expensive (Schiantarelli, 1995). As a 
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result, financial constraints are expected to have greater effect on the 

performance of small firms.  

Secondly, financial constraints could vary among firms due to unequal 

levels of political connections. In transition and developing economies such as 

Ethiopia, political connections are important factors in determining a firm’s 

credit access (Lashitew, 2014). For example, public (state owned) firms are less 

likely to face financial constraints since they could benefit from facilitated 

credit access from state-affiliated or private banks (Guariglia et al., 2011). 

Similarly, exporting firms could benefit from government-facilitated credit 

schemes aimed at promoting export performance. Finally, the level of financial 

constraint a firm faces could also depend on its demand for external finance. 

Plants belonging to multi-unit business groups are generally less likely to be 

affected by financial constraints since they have internal mechanisms of 

allocating and pooling capital (Becker and Sivadasan, 2010; Schiantarelli, 

1995). 

This study investigates the extent to which the role of financial constraints 

varies by firm type among Ethiopian manufacturing firms. Specifically, it 

looks into how differences in size, ownership, business group membership 

and export status are associated with credit constraints. Moving beyond 

measuring the presence of an ‘average’ effect of financial constraints on 

investment, and showing how it varies across firm groups is important for a 

number of reasons. Primarily, it offers evidence on the specific channel 

through which financial markets affect firm investment. Although a large 

literature points to the importance of financial development for the real 

economy (Fazzari et al., 1988; Hubbard, 1998; Devereux and Schiantarelli, 

1990), the heterogeneous effect of financial constraints among firms is 
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relatively less documented. This study attempts to provide new evidence in a 

developing country setting where financial constraints are most likely to be 

binding.  

Analyzing the extent to which financial constraints differ across firms can 

also shed light on a number of aggregate economic phenomena. For example, 

research has shown that the size distribution on firms in developing countries 

tends to be dominated by microenterprises and large firms rather than small- 

and medium-sized firms, an outcome called “the missing middle” puzzle in 

the literature (Ayyagari et al., 2007; Sleuwaegen and Goedhuys, 2002). A 

greater role of financial constraints among small firms would suggest that 

poorly functioning financial markets contribute to this puzzle by reducing the 

growth of small firms and microenterprises. Finally, differences in financial 

constraints among firm groups indicate the presence of factor-market 

segmentation that hinders the allocation of capital across firms. Evidence for 

market segmentation, in return, would support the view that poorly 

functioning financial markets lead to inefficient allocation of capital, thereby 

lowering aggregate productivity in developing countries (Hsieh and Klenow, 

2009; Buera and Shin, 2010). Research in this direction can thus enrich our 

understanding of the origins of low aggregate productivity in developing 

countries (Tybout, 2000). 

The great majority of existing studies on investment analysis generally use 

data for large, stock-listed firms that are unrepresentative for the rest of the 

population of firms. In contrast, this study uses a census-based panel dataset 

of manufacturing plants in Ethiopia covering the 15 years between 1996 and 
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2010. Collected by the Central Statistics Agency of Ethiopia, the dataset 

includes the whole universe of firms that have at least 10 employees, allowing 

us to make economy-wide conclusions for the formal manufacturing sector in 

the country. Another unique feature of this dataset is its extensive coverage of 

small and medium-sized manufacturing firms that are most likely to be 

affected by financial constraints. More than 60% of the plants in the dataset are 

small-sized plants that employ less than 50 workers.  

Although Ethiopia is one of the five largest economies of Sub-Saharan 

Africa, it has one of the smallest manufacturing sectors in the continent. As of 

2010, the contribution of manufacturing in GDP was slightly less than 5%, 

which is meager even by African standards where the share of manufacturing 

averages about 10%. The picture is equally grim in terms of employment, 

highlighting the low level of development in the sector. Like the rest of the 

economy, Ethiopia’s manufacturing sector suffered from stifling government 

intervention during the era of socialist command economy from 1974-1991. 

Only after extensive liberalization that included steady privatization did the 

sector eventually set off on a path to recovery. In the past decade the sector has 

expanded significantly, growing at an impressive rate of around 10% on 

average1. Nonetheless, the mediocre export performance of the sector and its 

inability to cope with stiff import competition point to the need for dramatic 

improvements in competitiveness.  

Unfortunately the financial sector in Ethiopia is not in the best position to 

promote the growth of the fledgling manufacturing sector. Although the sector 

registered significant progress recently, it remains highly underdeveloped and 
                                                           
1 This growth is visible in our dataset where the number of observations grew by almost 

threefold from 700 in 1996 to nearly 2000 in 2010.  
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lacking supporting institutions such as credit bureaus and registries. The 

country does not have a stock market or other forms of secondary financial 

markets, and the banking sector is off-limits for foreign investors. While 

private banks have flourished since the liberalization of the sector in 1994, 

large public banks remain dominant, with the asset share of the three largest 

government banks standing at 70% as of 2006 (Bezabeh and Desta, 2014). 

Banks are extremely risk-averse with strict, collateral-based underwriting 

which is particularly likely to harm small firms with limited net worth. Not 

surprisingly, shortage of external finance is rated as the most important 

operational problem in managerial surveys (World Bank, 2011). Moreover, 

credit shortage is likely to be a more serious problem for private firms that 

have to compete for with a politically connected and extensive public sector2.  

The importance of financial constraints in Ethiopia and the potential 

variation of their role among different firm groups make the country an 

interesting case for our study. The analysis in this paper is based on Vector 

Autoregressive (VAR) technique, which explicitly represents the dynamic 

relationship between investment and its fundamental and financial 

determinants - i.e. the marginal product of capital and cash flow respectively. 

Panel VARs offer the unique advantage of combining the strengths of both 
                                                           
2 Private banks are subjected to strict and often arbitrary policy interventions that skew the 

playing field in favor of public banks. An example of this is the introduction of a legislation 

in 2011 that requires private banks to buy and hold low-yield government bonds that are 

worth at least 27 percent of their gross loan disbursement. While this legislation is prompted 

by the goals of fending off inflation and providing finance for large public projects, the 

contentious issue is that public banks are exempted from it. Given that private banks are 

important sources of financing for private firms, this and similar preceding directives 

systematically restrict credit access among private firms.   
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time series and panel techniques. Like time series methods, panel VARs 

provide a complete representation of the dynamic relationship between a set 

of variables (Holtz-Eakin et al., 1988). In investment analysis, panel VARs can 

be used to conduct impulse response analysis that captures the direct effect of 

cash flow shocks on investment, as well as their indirect feedback effect 

through (future) marginal profitability of capital and investment. Like other 

panel techniques, panel VARs give the additional flexibility of addressing 

cross-sectional heterogeneity by including firm-specific fixed effects. 

Combined with the ability to control for industry and time fixed effects, this 

substantially reduces the risk of omitted variable and other endogeneity 

problems.   

Using impulse response analysis, I test if shocks of cash flow elicit 

significant response from investment. A significant response for cash flow 

would indicate that financial variables affect firm investment, which 

contradicts the assertion of the neoclassical model that only fundamentals (i.e. 

the marginal product of capital) are relevant for investment (Hayashi, 1982). I 

use a three-variable structural VAR with the following recursive ordering 

among the variables: 1) the marginal product of capital (MPK) 2) cash flow to 

capital ratio (CFK) and 3) the investment rate (IK)3. This recursive structure 

ensures that the standard errors are orthogonalized so that the effects of a 

contemporaneous shock on one variable can be studied while keeping other 

variables constant. In our case, this leads to clearer identification of the effects 

                                                           
3 Assuming recursive structure with theory- and evidence-based ordering of variables is 

standard practice in the structural VAR literature (see e.g. Juessen and Linnemann, 2012). 

This specific recursive ordering among MPK, CFK and IK is also adopted by past studies 

(Gilchrist and Himmelberg, 1995; 1998; Love and Zicchino, 2006). 
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of financial and fundamental factors on investment since contemporaneous 

CFK shocks by construction carry no information about current MPK.  

The results from the impulse response analysis show that cash flow shocks 

elicit relatively large investment responses in the subsample of small firms, 

whereas their effect is almost zero in the subsample of large firms. This 

indicates the presence of financial constraints that make investment response 

among small firms contingent upon availability of internal cash flow. In 

contrast, the marginal product of capital has greater effect on investment 

among large firms, revealing that financial constraints do not limit large firms 

from responding to profitable opportunities. The large observed difference in 

investment rate between small and large firms thus appears to be at least 

partly caused by differences in financial constraints. The results remain robust 

when alternative approaches are used for classifying size groups using capital 

stock and employment data.  

While the relationship between size and financial constraints has been 

previously explored in the investment literature, less attention has been paid 

to the role of state ownership4. Given the importance of public firms in 

Ethiopia, this paper also looks into differences between private and public 

firms5. The results show that both MPK and CFK shocks elicit significant 

                                                           

4 A recent exception is Guariglia et al. (2011) who find that investment is sensitive to 

the availability of cash flow among privately-owned Chinese firms whereas this is 

not so among publicly-owned firms, confirming that public firms have better 

financial access due to their political connections.  

5 There has been significant privatization of public firms in Ethiopia. The percentage 

of public firms in our dataset constituted 25% of all observations in 1996; but this fell 
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response from investment among private as well as public firms. Moreover, 

the response for both types of shocks is greater among public firms. Although 

the significant role of cash flow shocks among public firms is difficult to 

interpret, the considerably larger response for MPK shocks among public 

firms, combined with their relatively higher investment rate, suggests that 

public firms face lower financial constraints.  

Finally, I compare the role of financial and fundamental factors between 

the subsample of exporting or multi-unit firms on the one hand, and between 

single-unit, non-exporting firms on the other. Exporting and multi-unit firms 

are expected to be less credit constrained since they either have internal means 

of allocating capital, or because they benefit from government-facilitated 

credit. As expected, cash flow shocks induce greater investment response 

among single-unit and non-exporting firms, while the response for MPK 

shocks is greater among multi-unit or exporting firms. Taken together, the 

results indicate that firms are not affected uniformly by financial constraints. 

Especially small, single-unit and non-exporting firms are found to be more 

affected by financial constraints.  

The rest of the chapter is organized as follows. Section 5.2 provides a brief 

overview of the theoretical approach for studying investment along with a 

discussion of the literature. Section 5.3 sketches the VAR methodology used in 

this paper and discusses the estimation approach. Section 5.4 describes the 

data and presents summary statistics. Section 5.5 provides results and the last 

section concludes.  

                                                                                                                                                                                     

to less than 6% of the sample in 2010, driven partly by privatization and partly by the 

high entry rate of private firms.  
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5.2   Theory and Related Literature   

The empirical approach for identifying the role of financial constraints on firm 

investment often involves testing for departures from the standard 

neoclassical investment model. The neoclassical model predicts that economic 

fundamentals, generally proxied with a measure of the marginal profitability 

of capital such as Tobin’s Q, is a sufficient statistics for explaining investment 

(Hayashi, 1982)6. However, a large literature reveals that augmenting the 

model by including proxies of net worth such as cash flow considerably 

improves the model’s fit (Fazzari et al., 1988; Hubbard, 1998). This literature 

also finds that financial variables such as cash flow have larger effect in 

subsamples of firms that are considered more likely to face financing 

constraints.  

However, there is widespread skepticism on the plausibility of using 

financial variables such as cash flow to capture the effect of financial 

constraints (Hubbard, 1998; Gilchrist and Himmelberg, 1998). A central 

critique on this approach is that cash flow can carry substantial information 

about future profitability, and its positive effect on investment could be 

merely reflecting the unmeasured effect of future profitability. Given the 

                                                           
6 In general, the Q-theoretic model has been found unsatisfactory because the average Q has 

poor explanatory power on the rate of investment. Another strand of this literature employs 

the Euler equation investment model which relies on an alternative formulation of the 

solutions for the investment optimization problem. The presence of financial constraints in 

this framework is also tested by looking at the significance of financial variables that can 

proxy net worth. The null hypothesis of perfect capital markets is rejected if these variables 

appear with significant coefficients, and if the coefficients appear larger in subsamples that 

are a priori classified as financially constrained. 
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difficulty to accurately measure future profitability, this criticism raises a 

serious issue on the reliability of this method of analysis.   

This paper uses an alternative approach of panel Vector Autoregressive 

(VAR) modeling that explicitly represents the dynamic relationship between 

investment, the marginal product of capital and cash flow. This approach has 

a number of advantages over the standard approach of estimating the reduced 

model for investment. By assuming a structural ordering among the variables, 

we are able to isolate the effect of financial and fundamental factors separately. 

Moreover, estimating the full VAR model enables us to check if cash flow has 

predictive power on the marginal profitability of capital. This allows us to 

determine if the effect of cash flow on investment is merely the result of its 

proximity with fundamentals rather than an independent, separate effect 

reflecting financial constraints. Alternatively, it is possible to estimate the 

model for different firm groups to check if contemporaneous cash flow shocks 

affect investment differently among them given their levels of marginal 

profitability. 

Since the pioneer work by Abel and Blanchard (1986), panel VARs have 

been employed for overcoming identification problems in investment analysis 

by a number of studies. Gilchrist and Himmelberg (1995; 1998) study the 

relationship between cash flow, the marginal product of capital and 

investment among US manufacturing firms. They find that cash flow shocks 

elicit significant response from investment, suggesting that cash flow matters 

above and beyond its ability to predict fundamentals. Love and Zicchino 

(2006) use firm-level data across several countries to test if financial 

development reduces the sensitivity of investment for cash flow shocks in a 

panel VAR setting. They conclude that the impact of financial factors on 
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investment is significantly larger in countries with less developed financial 

systems. Panel VAR techniques have also gained traction as preferred 

methods of analyzing dynamic relationships in a number of other research 

areas7. 

More broadly, this study is related to a number of important strands of 

literature. Primarily, the analysis is related to the vast literature that examines 

the importance of financial constraints on firm growth and investment. This 

includes the literature that looks into the sensitivity of investment to cash flow 

(Fazzari et al., 1988; Hubbard, 1998; Carpenter and Petersen, 2002). More 

recent studies use controlled or natural experimental settings in order to 

identify the role of financial constraints on firm investment and growth (De 

Mel et al., 2008; Banerjee and Duflo, 2008; Honjo and Harada, 2006). In a cross-

country setting, a number of studies investigate if financial development 

mitigates the adverse effect of financial constraints on firm investment 

                                                           

7 At the micro level, panel VARs have been used for studying the relationship 

between firm productivity and growth (Coad and Broekel, 2012) and entry/exit 

dynamics (Kangasharju and Moisio, 1998). At macro level, the technique has been 

adopted for studying the relationship between output growth and macroeconomic 

factors such as sovereign debt (Lof and Malinen, 2014; Schumacher, 2014), fiscal 

spending (Beetsma et al., 2008; Juessen and Linnemann, 2012), institutional changes 

(Canova et al., 2012) and financial development (Calderon and Liu, 2003). Panel 

VARs are also used for assessing the economic effects of environmental factors such 

as energy consumption (Huang et al., 2008) and oil price shocks (Davis and 

Haltiwanger, 2001). Among others, Holtz-Eakin et al. (1988) outline the estimation 

approach for Panel VARs. A recent review of the panel VAR literature along with 

advances in methodology is provided by Canova and Ciccarelli (2013). 
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(Hutchinson and Xavier, 2006; Love and Zicchino, 2006; and Becker and 

Sivadasan, 2010; Beck et al., 2007).  

Furthermore, this study is related to the branch of literature that studies 

the size distribution of firms across countries. A number of studies in this 

literature analyze how the size distribution of firms changes with economic 

development, and what underlying forces drive it (Ayyagari et al., 2007; Beck 

et al., 2005). Among other, past studies have looked into the role of financial 

factors in the evolution of firm size distributions (Angelini and Generale, 2008; 

Beck and Demirguc-Kunt, 2006). Finally, this study is related to the literature 

on the role of financial markets on the allocation of capital. Both theoretical 

studies (Buera and Shin, 2010; Greenwood et al., 2013), and empirical research 

(Calderon and Liu, 2003; Love and Zicchino, 2006) in this literature show that 

efficient financial markets can improve allocative efficiency and aggregate 

productivity by reallocating capital towards more efficient firms.  

5.3   Methodology  

5.3.1   The VAR model  

This section briefly introduces the VAR methodology used in the paper. I 

consider the following VAR(1) process in which firm, industry and time effects 

are explicitly included: 

						(5.1)				
x �6�!�@�J�!�@�Y!�@� � = 
� �6�!�@�$�J�!�@�$�Y!�@�$� � + �9��9�j9��� + �]@�]@j]@�� + �e��e�je��� +	��������j���� �	,    
where the subscripts i, j and t denote respectively firm, industry and time. 

MPK is the marginal (revenue) product of capital, CFK is cash flow to capital 

stock ratio, and IK is the rate of investment. The vectors 9�,  ]@ and e� indicate 
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firm, industry and year fixed effects, and ��� are error terms that are 

uncorrelated across equations. 
x and 
� are 3x3 coefficient matrices that 

show, respectively, the contemporaneous and (one year) lag effects of the three 

variables on one another. 

Some restrictions on the matrix A0 are necessary in order to ensure 

identification. I assume that A0 is lower-triangular, which is equivalent to 

imposing a recursive ordering among the variables in the VAR:   

 
x = � 1 0 0−4j� 1 0−4�� −4�j 1�		.  
The structure of matrix A0 implies that some variables depend on the 

current values of others, but not vice versa8. The recursive structure indicates 

the following ordering among the variables: 1) the marginal product of capital, 

2) cash flow and 3) investment rate. The ordering is based on the assumption 

that the variables that appear earlier in the system are more exogenous, 

whereas those appearing later are endogenous to the system. Therefore, both 

cash flow and the marginal product of capital affect the rate of investment 

contemporaneously, but investment does not affect them contemporaneously. 

The assumption that investment affects the marginal product of capital and 

cash flow with a lag follows from the long-established view that new 

investments take time to be operational due to the time needed to acquire, 

                                                           

8 The causality implied by theory-based specification of instantaneous “causal” 

ordering among the variables is also referred to as Wold-causality (Lütkepohl, 2005). 

The results section includes a brief discussion on the robustness of the recursive 

ordering outlined here.  
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install and commission physical assets (Kydland and Prescott, 1982). Similarly, 

current values of the marginal product of capital affect cash flow, but not vice 

versa. The marginal product of capital affects cash flow contemporaneously 

because marginal productivity is likely to immediately translate into cash 

flow. The marginal product of capital, on the other hand, is not 

contemporaneously affected by any of the other two variables. This can be 

justified by the fact that sales revenue, from which MPK is derived, is largely 

demand driven and thus less likely to be affected by variables within the 

system.   

The recursive structure ensures that contemporaneous shocks in any of 

the variables are orthogonal, and can hence be studied in isolation from other 

shocks. In our case, the effect of CFK shocks on investment can be isolated 

from the effects of MPK since CFK is by construction contemporaneously 

uncorrelated with MPK. The inclusion of firm specific fixed effects will also 

help to better identify the effect of CFK and MPK by removing any 

unobserved cross-sectional heterogeneity.  

5.3.2   Estimation  

I proceed by estimating the reduced form of Equation (5.1) and then use the 

Cholesky decomposition of the variance-covariance matrix of the error terms 

to find matrix A0. The decomposition ensures that the error term ��� in 

Equation (5.1) will be uncorrelated across equations, so that innovation of one 

variable does not affect others. Time, firm and industry fixed effects are 

removed prior to estimation. Since all explanatory variables are potentially 

correlated with the unobserved firm fixed effect 9�, a consistent estimator for 

the coefficients can be found only by using deviations from means.  
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It is well known that the fixed effects estimator introduces endogeneity in 

dynamic models. The standard solution for this is first-differencing all 

variables and then using instrumental variable estimation; however, this 

approach has been found to have poor precision when cross-sectional 

heterogeneity is large (Blundell and Bond, 1998). In this study, I remove firm 

effects using forward-mean differencing, also called ‘Helmert transformation’ 

(Arellano and Bover, 1995). This procedure depends on the assumption that 

the variables in the model are pre-determined so that a shock in error terms ��� 
cannot affect current (and past) values of the variables, although it could affect 

their future values (i.e. [(���b�� , 9� , ]@ , e� , ���� = 0). This allows us to apply 

Helmert transformation which removes the firm effects from data at time t by 

deducting the firm average for all subsequent periods t+1, t+2… T.  

If ��� are serially uncorrelated and have constant variance, the Helmert 

transformed error terms will also have the same properties, thus keeping the 

orthogonality condition intact9. In dynamic models like Equation (5.1), 

however, the transformation leads to correlation between the error terms and 

the lagged dependent variables, thus requiring instrumental variable 

estimation10.   

                                                           

9 Specifically, Helmert transformation produces deviations from forward means as 

follows:	y��∗ = y� − c� : ��$� (y��� +⋯+ b�)< for t = 1, 2, … , T-1. This transformation 

cannot be calculated for the last year of data for each firm since forward means are 

not available for them. The weighting term c� = �(� − h) (� − h + 1)⁄  corrects for 

differences in variances introduced by using different number of observations for 

calculating forward means in different time periods. 

10 Note that the transformed dependent variable b��∗  is forward differenced using 
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Following the standard approach in the investment literature (Gilchrist 

and Himmelberg, 1995; Gelos and Werner, 2002; Love and Zicchino, 2006), I 

assume that all variables in the model are pre-determined so that Helmert 

transformed explanatory variables are instrumented with their own 

untransformed values in levels11. Although the lags of the levels could also be 

used as additional instruments, I use only current levels since they have strong 

correlation with the Helmert transformed explanatory variables. (The R-square 

values of the first stage regressions range between 30-80%, showing that the 

instruments explain a large portion of the total variation). Since the error terms 

of the reduced model are correlated with each other when the structural VAR 

is recursive as in Equation (5.1), the model is estimated using system GMM to 

get more efficient estimates (Arellano and Bover, 1995). However, equation-

by-equation estimation would also yield the same coefficients since, with three 

explanatory variables and three instruments, the model is just identified.  

To test the significance of the impulse responses, 90% confidence interval 

bands are generated for the coefficients using Monte-Carlo simulations (see 

Love and Zicchino, 2006). The simulations are conducted using repeated, 

random draws of the coefficients of the VAR model with replacement, which 

are used to re-calculate the impulse responses. The 5th and 95th percentiles of 

                                                                                                                                                                                     

averages of b����… b�� and its lag using averages ofb��, b����, … b��. Since b����… b�� 

are used for transforming both the dependent variable and its lag, the error term ���∗  

will be correlated with the transformed lag variable b��$�∗ .  

11 That is, I use the moment condition that  E(v��∗ |b��) = 0 to use b��$� as an instrument 

for its transformed value	y��$�
∗ . The model could also be estimated under a less 

restrictive assumption that all variables are endogenous so that they are correlated 

with current error terms. In this case, we can use all lags of b�� as instruments using 

the moment conditions that  E(v��
∗ |b��$�) = 0 for s > 0. However, the lags of b�� often 

have low correlation with the transformed value, leading to a poor IV estimation.  
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the generated impulse responses from 1000 draws are then used to construct 

the confidence interval bands.  

5.4   Data and Measurement 

5.4.1   Data description  

The analysis in this study is based on the Ethiopian Manufacturing Industries 

Survey dataset, which is a census-based survey dataset that covers all 

manufacturing plants with at least 10 employees. The dataset is collected by 

the Central Statistics Agency of Ethiopia using standardized survey 

instruments, and it covers all industrial groups classified under manufacturing 

in the 3rd revision of ISIC classification. The dataset contains detailed data on 

production, sales and other variables that are consistently measured across 

years.    

Data is available for 15 years from 1996-2010, and the number of 

observations ranges from below 700 in earlier years to around 2000 in the last 

year. After dropping observations with missing data as well as the top and 

bottom two percentiles of MPK, CFK and IK, which are likely to have been 

measured with error, 12,542 valid observations remain in the dataset. Since 

some observations appear only for one year, panel data is available only for 

10,674 observations (consisting of 2,041 firms, each appearing for an average of 

5.2 years). The descriptive statistics presented in Table (5.1) are based on this 

sample. Estimation of the VAR(1) model, however, leads to additional loss of 

data. First, the need for at least one year of lag means that each firm’s initial 

data point cannot be used for analysis, reducing the number of valid 
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observations to 7,543. Helmert transformation for removing firm fixed effects 

leads to further loss of the last year’s observation for each firm, since forward 

means are not available for those observations. As a result, the number of 

observations that are used in the VAR model is somewhat less than 6000.      

5.4.2   Measurement of variables   

The three key variables for the analysis in this study are the Investment rate 

(IK), the cash flow to capital stock ratio (CFK) and the marginal product of 

capital (MPK). IK is calculated as net investment, defined as total expenditure 

on capital items less sale of capital items, divided by the beginning-year 

capital stock. CFK is calculated as cash flow, defined as profits after interest 

and tax payments plus benefits and subsidies, divided by beginning-year 

capital stock.   

A significant challenge in investment analysis is measuring the marginal 

profitability of capital that would indicate the returns for invested capital. 

Gilchrist and Himmelberg (1998) propose that the marginal product of capital 

calculated from Cobb-Douglas technology can provide a reasonable measure 

of the marginal profitability of capital. Following the approach adopted by the 

related literature (Love and Zicchino, 2006), I measure the marginal product of 

capital (MPK) using the sales to capital stock ratio: 

						(5.2)					6�!�@� ≈
(Eb)�@�

F�@�$�
		, 

where Eb is sales revenue and F is the capital stock. The relationship in 

Equation (5.2) is an approximation because the sales to capital stock ratio 

needs to be adjusted by an industry-specific parameter that accounts for the 

proportion of sales revenue that accrues as profit for capital owners. However, 
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this correction is irrelevant for our analysis since, as shown in Equation (5.1), 

industry effects are directly included to account for any profitability 

differences across industries12. 

Capital stock in constant prices is used in Equation (5.2).  Perpetual 

inventory method is used for calculating capital stock data from detailed 

investment series by asset type as detailed in Appendix 5.A. 

5.4.3   Descriptive statistics  

Table (5.1) provides summary statistics of key variables for the whole sample 

as well as for subsamples of different firm groups. The first row shows that the 

average employment is 144 (full time equivalent) workers, while the median 

employment is much lower at 34 workers. More than 60% of the plants in the 

dataset employ 50 or fewer workers, showing that our dataset is dominated by 

small firms, as is typical for other developing countries (Sleuwaegen and 

Goedhuys, 2002). The average rate of investment for the whole sample is 9.2%, 

while the median investment rate is zero since slightly more than half of the 

observations report zero investment. The average of MPK indicates that sales 

is on average about four times as large as capital stock, and its median 

indicates sales to capital stock ratio of about two. Although not apparent from 

Table (5.1), about 20% of all observations also report negative net profit. The 

                                                           

12 In a robustness analysis that is not reported here, I also consider directly measuring 

the marginal revenue product of capital taking into account industry-specific 

differences in the elasticity of capital, markups and profit taxes. The results reported 

in this paper are robust when this measure of MPK is used rather than more 

generally accounting for industry effects in the VAR.  
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average cash flow to capital stock ratio of 0.46 thus masks the large disparity 

among firms, as can be seen from the much lower median value of 0.21.   

Table 5.1: Summary statistics 

 Obs Employ. Capital Stock MPK CFK IK 
       

All 9,534 144(34) 8,893 (965) 3.976(2.176) 0.462(0.211) 0.092(0) 
       
Small  3,798 23(16) 166 (122) 5.372(3.233) 0.645(0.323) 0.061(0) 
Large 5,703 224(74) 14,700 (3,783) 3.045(1.703) 0.340(0.164) 0.113(0.013) 
       

Private 8,027 74(27) 6,040 (622) 3.752(2.009) 0.443(0.192) 0.088(0) 
Public  1,507 512(282) 24,100 (6,368) 5.168(3.144) 0.563(0.380) 0.115(0.028) 
       

Domestic 8,392 110(29) 6,792 (723) 3.982(2.133) 0.466(0.210) 0.088(0) 
Foreign 1,142 392(129) 24,300 (6,058) 3.931(2.606) 0.434(0.224) 0.118(0.017) 

Notes: Description statistics are reported for all firms with at least three years of observations 

after data cleaning. The values outside brackets are averages and those in brackets are 

median values. Capital is measured in thousands of Birr in 1996 prices (see Appendix 5.A). 

MPK, CFK and IK are calculated as ratios of, respectively, sales revenue, net profits, and net 

investment to beginning of year capital stock. The subsample of ‘foreign’ firms includes 

plants that are either parts of multi-unit firms or exporters, whereas the ‘domestic’ 

subsample includes single plant, non-exporting firms. 

The next two rows give the summary statistics for the subsample of small 

and large firms. Firms are classified as small or large based on the level of 

capital stock, since size in our context is taken as a proxy for net worth. I 

classify plants as small when their capital stock in 1996 prices is less than 

500,000 Birr (equivalent to 79,000 USD at the exchange rate of that year). 

Accordingly, 40% of all observations are classified small. As shown in the 

Table, small firms have average (median) employment of just 23 (16) workers 

which is much smaller than the average (median) employment of 224 (74) 

workers among large firms. The difference between the two subsamples seems 

even more pronounced when we compare their capital stock since the median 

capital stock of large firms is 31 times larger than that of small firms.  
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The two subsamples also differ substantially in terms of their marginal 

product of capital (MPK), their cash flow to capital ratio (CFK) and investment 

rates (IK). Small firms appear to have much larger marginal product of capital 

and cash flow to capital ratios, but lower investment rates. Previous studies 

also reported that small and young firms have higher marginal products and 

cash flow to capital ratios.13 The high marginal product could suggest inability 

to invest and lower their marginal products. Given the strong correlation 

between them (coefficient = 0.56), the high cash flow ratio of these firms could 

also reflect their high MPK.  

Table (5.1) also provides summary statistics by type of ownership. With 

1,507 observations (190 firms), public (state owned) firms constitute 15% of the 

sample. The Table reveals that public firms are much larger in size than 

private plants. Private firms have much lower values of MPK, CFK and 

investment rate than public firms, clearly indicating that ownership is 

associated with economic performance.  

The last rows of Table (5.1) are based on subsamples classified based on 

membership to business groups and export status. Studies suggest that firms 

that are parts of business groups can be less financially constrained because, 

among other reasons, they could have an internal mechanism of pooling and 

                                                           

13 Devereux and Schiantarelli (1990) and Guariglia et al. (2011) find that firms that are 

likely to be financially constrained (younger and smaller firms in the first case, 

private firms in the second case) seemed to have higher cash flow to capital ratios 

and marginal products. Similarly, Schaller (1993) reports that younger firms, 

although more financially constrained, have higher values of cash flow and larger 

values of Tobin’s Q.   
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allocating funds across plants (Becker and Sivadasan, 2010; Schiantarelli, 

1995)14. Moreover, membership to business groups could boost 

creditworthiness, thus increasing bank financing. Therefore, I classify together 

foreign owned firms, which are subsidiaries of large multinationals, and 

domestic plants that are parts of business groups within one subsample. I also 

include in this category exporting firms, which are less likely to be financially 

constrained since they could benefit from government-led credit facilities that 

seek to promote exporting15. Further, exporting firms are likely to have better 

internal financial resources since they are generally more productive, larger, 

and with access to larger external markets. Henceforth, I identify firms that are 

either parts of business groups or exporters as ‘foreign-oriented’ (or simply 

‘foreign’) since more than 80% of them are either foreign-owned or exporting. 

On the other hand, I use the term ‘domestic-oriented’ (or ‘domestic’) to refer to 

single plant, non-exporting firms. 

The Table shows that ‘foreign’ firms constitute only around 12% of the 

sample (with 1,142 observations or 316 firms). These firms generally tend to be 

larger in size than ‘domestic’ firms that are single-plant and non-exporting. 

While the two groups of firms do not exhibit large differences with respect to 

                                                           

14 A more commonly studied aspect of business groups in the literature is the 

financing advantage firms belonging to business groups gain in certain Asian 

countries such as Keiretsu membership in Japan, and Chaebol membership in Korea 

(Koo and Maeng, 2005).  

15 In developing countries like Ethiopia, shortage of foreign currency is a pressing 

challenge which makes facilitating export performance an important policy priority. 

The number of exporting firms in our dataset, however, is very small, covering only 

5.5% of the sample. That is why I combine export status with membership to 

business groups to form as a single grouping criterion with relatively larger sample 

coverage. 
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MPK and CFK, the data shows that ‘foreign’ firms have a much larger average 

investment rate16.  

5.5   Results  

5.5.1   Full sample results  

I estimate a VAR model of order one because it has been shown that it 

sufficiently represents the data in investment models estimated on short panel 

datasets (Love and Zicchino, 2006). Given the large discontinuity in the 

Ethiopian dataset, a VAR(1) model also makes maximum use of available data 

while providing reasonably robust results.  

Table (5.2) provides the regression results for the reduced VAR using the 

full sample dataset. Each row presents the results for the three equations in the 

system, with each column indicating the coefficients for the lags of the three 

variables in the system. The first row shows that the lag of MPK is an 

important predictor of its current value, with a strong positive effect. Lagged 

cash flow has significant negative effect on MPK, indicating that cash flow is 

not actually a positive predictor of fundamentals. This negative relationship is 

interesting since it implies that the effect of cash flow on investment is not 

likely to be confounded with its predictive role on MPK. Finally, the lag of 

investment has a negative effect on MPK, which is in line with the law of 

diminishing returns. The second row shows that the lags of MPK and CFK 
                                                           

16 It is important to note that there is considerable overlap between size, ownership 

type, and ‘domestic/foreign’ orientation. The dummies indicating small size, private 

ownership and ‘domestic’ orientation are positively and significantly correlated with 

coefficients ranging between 0.13 and 0.27.  



194  Chapter 5 

have positive effect on current CFK, whereas the lag of investment is 

insignificant.  

The last row of Table (5.2) gives the results for the investment equation. 

The lag of MPK has a positive and significant effect on the rate of investment, 

which is in line with the neoclassical investment model which emphasizes the 

importance of economic fundamentals. However, the positive effect of cash 

flow, although only weakly significant, suggests a potential role for financial 

variables. Given the negative effect of CFK on future values of MPK, this 

positive effect cannot be attributed to the fact that cash flow is a predictor of 

future profitability. Finally, investment exhibits strong path dependence, with 

past shocks inducing a large positive effect on current investment. The 

importance of investment lags as predictors of current investment has also 

been documented by previous studies (Eberly et al., 2011; Love and Zicchino, 

2006).  

Table 5.2: Three equation VAR(1) regression results for the full sample 

 MPK(t-1) CFK(t-1) IK(t-1) Obs 
     

MPK(t) 0.531*** -0.306*** -1.437*** 5,836 
 (0.048) (0.101) (0.238)  
CFK(t) 0.033*** 0.098*** -0.077 5,836 
 (0.009) (0.026) (0.055)  
IK(t) 0.006*** 0.008* 0.076*** 5,836 
 (0.002) (0.005) (0.018)  

Notes: The rows give the regression results for each of the three equations in the VAR, where 

the dependent variables are MPK, CFK and IK respectively. Robust standard errors are given 

in parentheses. The asterisks indicate significance at the levels of 0.1, 0.05 and 0.01. The 

number of observations is smaller than those reported in Table (5.1) because first and last 

year observations that are not used for analysis since they do not have lags and forward 

means. 
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Although regression results from the reduced VAR are useful for 

summarizing the dynamic relationship between the variables in the system, 

they do not reflect the full effect of a change in one variable on others. 

Therefore, I provide results of impulse response analysis that capture both the 

direct and indirect feedback effect of a change in one variable upon others. As 

indicated earlier, the recursive structure of the VAR orthogonalizes the error 

shocks, so that a contemporaneous shock of only one variable can be studied 

while keeping others constant. Moreover, the impulse responses results are 

easier to compare and interpret since they represent responses for an increase 

of one standard deviation in the error terms of a variable17. Figure (5.1) 

presents two graphs showing the response of investment to one standard 

deviation shock in the errors of MPK and CFK, along with bootstrap 

confidence intervals. These graphs are useful for comparing the importance of 

fundamental and financial factors on investment. Figure (5.B1) in the appendix 

provides the complete set of impulse response graphs from the VAR model. 

 

 

                                                           

17 More specifically, if y is the vector of variables in the VAR and v is vector of the 

error terms, Θ�, the matrix of impulse responses at time l , gives responses after time l 

for one standard deviations (sd) shock at time t ( Θ�� Mb��� M�D(��)⁄  ).   In the case of a 

VAR(1) model with the structure given by Equation (5.1), the impulse responses are 

calculated as Θ��
�� ∗ ((Ax)$� ∗ ^), where D is a scaling diagonal matrix with the 

standard deviation of the error terms (��) along its diagonal. Contemporaneously, the 

impulse responses are just given by the product of the inverse of the  Ax matrix and 

the scaling matrix – i.e. Θx = (Ax)$� ∗ ^.  
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Figure 5.1: Impulse responses of investment rate (IK) for marginal product 

(MPK) and cash flow (CFK) shocks  

 

Note: The dashed lines indicate 5% error bands generated from Monte Carlo simulation with 

1000 repetitions. 

The first graph shows that investment responds positively to MPK shocks, 

confirming the importance of fundamental factors. The second graph shows 

that investment responds positively and significantly to cash flow shocks, 

suggesting that financial factors play a role in investment, as opposed to the 

prediction of the neoclassical model. Given the negative effect of CFK on MPK 

reported in Table (5.2) (and confirmed by Figure (5.B1) in the appendix), the 

positive IK response for CFK shocks cannot be attributed to profitability 

expectations. In fact, if cash flow shocks were capturing the effect of future 

MPK on investment, they would have induced a fall in investment given the 

negative relationship between CFK and MPK. This counterfactually shows 

that cash flow shocks have a positive effect on investment independent of 

profitability expectations. 
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The graphs show that an MPK shock elicits more persistent and larger 

investment responses than a cash flow shock. While the response for MPK 

trails to zero slowly, the response for a CFK shock lasts just one period. The 

cumulative effect of a one-time, one standard deviation shock of MPK on 

investment is 6 percentage points, which is very large compared to the average 

level of investment rate which is only 9%. In contrast, the cumulative effect of 

one standard deviation shock of CFK is barely greater than zero. Economic 

fundamentals thus appear to be more important for investment than financial 

factors, which have a small but detectable effect. This average effect, however, 

could mask heterogeneous responses among firm groups with different levels 

of financial constraints. In the next subsection, we turn to testing potential 

differences in financial constraints among firm groups. 

5.5.2   Results by firm groups  

This subsection provides results by subsample in order to test if some groups 

of firms are more financially constrained than others. As indicated earlier, I 

consider firm groups based on size, ownership, and ‘foreign orientation’ 

(which is based on membership to business groups and export status). I then 

compare the response of investment for CFK and MPK shocks between 

subsamples classified using these criteria. Small firms are expected to suffer 

from financial constraints due to their greater exposure to information 

asymmetry problems that make external financing more expensive. On the 

other hand, private firms are likely to be more financially constrained than 

public firms that could have higher credit access due to their political 

connections. Firms classified as ‘foreign’ are less likely to face financing 
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constraints since exporters or parts of (multinational) firm groups have greater 

ability to generate internal funds.  

Table 5.3: Regression results for the investment equation for subsamples 

classified by size and ownership 

 
MPK(t-1) CFK(t-1) IK(t-1) Obs 

     Small -0.002 0.016*** 0.031 1,941 

 
(0.002) (0.006) (0.025) 

 Large 0.014*** -0.003 0.092*** 3,680 

 
(0.003) (0.009) (0.024) 

      
Private 0.003 0.009* 0.087*** 4,647 

 
(0.002) (0.005) (0.019) 

 Public 0.011*** 0.021* 0.047 1,110 

 
(0.004) (0.012) (0.055) 

      
Domestic 0.005** 0.013** 0.074*** 4,842 

 
(0.002) (0.005) (0.019) 

 Foreign  0.015*** -0.019 0.150* 542 

 
(0.005) (0.018) (0.078) 

 Notes: The rows give the regression results for the investment equation using a different 

subsample. The VAR is estimated separately for each subsample. Robust standard errors are 

given in parentheses. The asterisks indicate significance at the levels of 0.1, 0.05 and 0.01. The 

subsample of ‘foreign’ firms includes plants that are either parts of multi-unit business 

groups or are exporters, whereas the ‘domestic’ subsample includes single plant, non-

exporting firms. 

Table (5.3) reports the VAR(1) regression results by subsample using the 

three grouping criteria. Only the regression results for the investment equation 

are reported to conserve space. The results indicate divergent roles of MPK 

and CFK on investment across different size groups. The effect of MPK is 

insignificant among small firms, but its effect is large and positive among large 

firms. In contrast, CFK has a significant positive effect on investment only 

among small firms, although it has a negligible, insignificant effect among 

large firms. This result shows that small firms suffer significantly from 
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financial constraints, which makes investment sensitive to availability of 

internally generated cash.  

Comparison of results between private and public firms shows that MPK 

has a significant positive effect on investment only among public firms. On the 

other hand, CFK has a weakly significant and positive effect on investment in 

both subsamples, although the effect is relatively larger among public firms.  

The last rows provide results based on subsamples of ‘domestic’ and 

‘foreign’ firms. In both subsamples, MPK has a positive and significant effect 

on investment. However, the effect is much larger for the subsample of 

‘foreign’ firms. Cash flow, on the other hand, has a positive and significant 

effect only among the subsample of ‘domestic’ firms. The larger effect of cash 

flow and smaller effect of MPK on investment among ‘domestic’ firms that are 

single unit and non-exporting confirms that these firms suffer more from 

financial constraints. These results echo the results for small and large 

subsamples of firms. 

Figure (5.2) gives the impulse responses for investment using subsamples 

of small and large firms. The responses of investment for MPK and CFK 

shocks are starkly different between small and large firms. MPK shocks elicit 

large and persistent investment response among large firms, whereas their 

effect is short-lived and minor among small firms. Among small firms, a one-

off MPK shock of one standard deviation elicits a cumulative investment 

response of around 2.0 percentage points. The equivalent investment response 

among large firms is a considerably larger 7.9 percentage points.  
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In contrast, cash flow shocks induce significant investment response 

among small firms, although the effect is relatively small and lasts only for one 

period. The cumulative investment response for one standard deviation CFK 

shock among small firms is only 0.9 percentage points. Relative to the low 

investment rate of 6.4% among small firms, however, the response represents 

a relatively large 15% increase in investment. In contrast, the overall effect of a 

cash flow shock among large firms is practically zero.  

Figure 5.2: Impulse responses of investment for subsamples of small and large 

firms 

 

The importance of MPK among large firms indicates that these firms 

successfully respond to profitable opportunities, implying the absence of 

financial constraints. In contrast, the relatively large role of internally 

generated cash among small firms suggests lack of alternative sources of 

external financing for investment. Taken together, the results indicate the 

strong correlation between size and financial constraints. 
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Figure (5.3) presents the impulse responses of investment among 

subsamples of private and public firms. MPK shocks elicit large investment 

responses in both subsamples. However, the response of investment for MPK 

shocks is more persistent and of larger magnitude among public firms. Among 

private firms, one standard deviation shock of MPK leads to a cumulative rise 

of investment rate by 4.1 percentage points. By comparison the cumulative 

response among public firms is almost twice as large, with a value of 10.8 

percentage points. This indicates that public firms are in a better position to 

invest in response to profitable opportunities. 

Figure 5.3: Impulse responses of investment for subsamples of private and 

public firms 
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For both subsamples, the responses of IK for CFK shocks resemble the 

result for the whole sample. An instantaneous CFK shock elicits a relatively 

large and significant investment response after one period, but the response 

falls to zero immediately after that. However, the effect of CFK shocks is 

relatively larger among public firms than private firms. The cumulative 

investment response to one standard deviation shock of CFK is 0.2 and 0.4 

percentage points among private and public firms respectively. Although the 

positive investment response for CFK shocks by public firms is difficult to 

interpret, their relatively larger responsiveness for MPK shocks coupled with 

the large difference in investment rate between public and private firms 

reported in Table (5.1) (11.4% vs. 8.8%), points toward slackened financial 

constraints among them.  

Figure (5.4) presents the impulse response results for the subsamples of 

‘domestic’ and ‘foreign’ firms. The graphs on the top panel are based on the 

subsample of ‘domestic’ firms that are single-unit and non-exporting firms. 

The graphs at the bottom panel are for the subsample of ‘foreign’ firms that 

are either parts of (multinational) business groups or exporters. Again, the 

graphs show that MPK has a positive significant effect on investment in both 

subsamples. The effect of one standard deviation MPK shock is, however, 

much larger among ‘foreign’ than ‘domestic’ firms, with cumulative effects of 

10.6 and 5.6 percentage points respectively. 
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Figure 5.4: Impulse responses of investment for subsamples of ‘domestic’ and 

‘foreign’ firms 

  

In contrast, cash flow shocks induce significant investment response only 

among ‘domestic’ firms. For this subsample, the cumulative effect of one 

standard deviation CFK shock is 0.12 percentage points, whereas the effect is 

negative among ‘foreign’ firms. These results indicate that financial constraints 

have a greater role on investment among single-unit, non-exporting firms.   

5.5.3   Sensitivity tests 
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follow theoretical arguments outlined in the previous literature for adopting a 

specific recursive structure for the VAR analysis.  

The assumption that investment affects cash flow and the marginal 

product of capital only after a time lag is less contentious since it is supported 

by the widely accepted time-to-build argument. However, the ordering 

between CFK and MPK might appear questionable. The baseline analysis 

assumes that MPK, being driven by exogenous demand forces, is exogenous 

so that it is not contemporaneously affected by CFK and IK. However, given 

the strong correlation between CFK and MPK, the same argument might be 

used to consider CFK as the most exogenous variable in the system. Given the 

difficulty to establish a clear ordering between the two variables, it is 

important to check if the baseline results are dependent upon this assumption. 

Therefore, I re-estimate the baseline results by changing the ordering between 

CFK and MPK so that CFK now affects MPK contemporaneously, but not vice 

versa. The analysis is thus conducted using a recursive VAR with the 

following ordering among the variables: 1) CFK, 2) MPK and 3) IK.  

Appendix 5.C presents the impulse response graphs for this VAR using 

results for the whole sample dataset as well as for subsamples of different firm 

groups. With a couple of exception, the general picture remains unchanged. 

One visible difference is that the effect of CFK shocks becomes larger for the 

full sample dataset. Although statistically significant, the cumulative response 

for CFK shocks was practically zero in the baseline analysis (Figure (5.1)) 

whereas presently it is a large value of 2.6 percentage points. However, MPK 

still has the strongest effect on investment, with a cumulative response of 5.4 

percentage points. The second visible difference, shown in Figure (5.C2), is 

that CFK shocks now elicit significant response among both small and large 
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firm groups. The alternative ordering thus generally seems to induce greater 

importance for financial factors. However, MPK shocks still elicit considerably 

greater investment response among large firms, which is consistent with the 

baseline results. (The cumulative response for one standard deviation MPK 

shock is 7.5 percentage points among large firms and only 1.4 percentage 

points among small firms). The results between public and private firms and 

between ‘domestic’ and ‘foreign’ firms remain similar to the baseline results. 

On the whole, the basleine results thus seem to hold under this alternative 

ordering between the variables in the VAR. 

The second sensitivity test is concerned with the way firm size groups are 

formed. Whereas grouping criteria such as ownership, membership to 

business groups and export status lead to distinct firm groups, classifications 

based on size are less clear-cut since size can be measured in many ways. For 

the baseline analysis, the sample is divided into subsamples of ‘small’ and 

‘large’ firms using capital stock data. The purpose of this subsection is to 

provide additional robustness tests using alternative classifications of size. 

This is important to confirm that the baseline results are not driven by the 

specific method used for creating size groups. 

I consider two alternative ways of classifying size. Firstly, I divide the 

sample into subsamples of small and large firms using employment data. 

Employment of 50 workers is often taken as a threshold for dividing small 

firms from (medium or) large firms in the literature (Sleuwaegen and 

Goedhuys, 2002). Using this level of employment leads to a grouping whereby 

62% of the observations are classified small, with the remaining 38% classified 
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large. Alternatively, I consider dividing the sample into three subsamples of 

small, medium and large firms. Since capital stock is the most relevant 

variable in our context due to its proximity to net worth, I conduct this 

grouping based on capital stock data. This classification leads to three 

subsamples of around 3700 observations, including those that are not used in 

the final analysis due to lack of lags and forward means.  

Table 5.4: Regression results for the investment equation by subsample using 

alternative classifications of size 

 MPK(t-1) CFK(t-1) IK(t-1) Obs 
By employment    
Small   0.001 0.013** 0.034* 3,014 
 (0.002) (0.006) (0.02)  
Large   0.013*** 0.006 0.104*** 2,452 
 (0.003) (0.01) (0.033)  
By capital stock       
Small  0.001 0.014** 0.011 1,151 
 (0.003) (0.006) (0.03)  
Medium  0.006* 0.020** 0.048 1,972 
 (0.003) (0.009) (0.032)  
Large  0.015*** -0.014 0.103*** 2,379 
 (0.004) (0.012) (0.03)  

Notes: The rows give the regression results for the investment equation for each subsample. 

Employment (in full time equivalent) level of 50 is used as threshold for classifying small 

and large firms. In the second classification, small firms are those whose capital stock is less 

than Birr 190,657, and large firms are those whose capital stock is valued greater than Birr 

2,124,416 (both in 1996 prices). 

Table (5.4) presents the regression results for the investment equation 

using the alternative grouping criteria. The top rows, in which size groups are 

made on the basis of employment, mirror the baseline results reported in 

Table (5.2). They indicate that the lag of MPK has a significant effect on 

investment only among large firms whereas CFK has a significant effect only 

among small firms. The impulse response graphs, given by Figure (5.5a), 

similarly confirm that investment is driven by fundamental factors among 
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larger firms while, in contrast, financial factors are relatively more important 

among smaller firms. This is more evident from the cumulative investment 

response for one standard deviation MPK shock, which is only 3.2 percentage 

points among small firms, but a much larger 10.2 percentage points among 

large firms.  

Figure 5.5a: Impulse responses of investment for subsamples of small and 

large firms by employment (L) 
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(5.5b) also indicate that the response for MPK shocks increases with size, 

whereas the response for cash flow shocks declines and becomes insignificant 

with size. Although the responses for MPK shocks are significant across all 

size groups, the cumulative effect rises steadily with size, from 2.8 percentage 

points among small firms, to 6.4 among medium firms and 7.1 among large 

firms. Taken together, the results confirm that as size increases fundamental 

factors become more important vis–à–vis financial factors, regardless of how 

size is measured.  

Figure 5.5b: Impulse responses of investment for subsamples of small, 

medium and large firms by capital stock. 
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5.6   Conclusion 

Severe financial constraints could limit the ability of firms to grow by 

investing in physical capital. Moreover, the effect of financial constraints could 

differ across firms, depending on their exposure to information asymmetry 

problems or level of political connections.  

This study investigates the role of financial constraints on investment 

using a census dataset of manufacturing plants from Ethiopia. It tests whether 

the role of financial constraints on investment differs among firm groups that 

vary by size, ownership, membership to business groups, and export status. 

The analysis is based on a panel VAR technique which allows us to take into 

account the dynamic relationship between investment, cash flow, and the 

marginal product of capital. Impulse responses are used to measure the direct 

as wells indirect feedback effect of an orthogonalized shock in the error terms 

of cash flow and the marginal product of capital on investment.  

The results show that shocks in the marginal product of capital have 

greater effect on investment among large firms, whereas cash flow shocks 

elicit relatively larger response among small firms. This suggests that 

investment among small firms is dependent on availability of internally 

generated funds, limiting their ability to respond to profitable investment 

opportunities. Results based on ownership are less conclusive since 

investment responds for cash flow shocks among public firms. However, I 

find that public firms also exhibit greater responsiveness for shocks in the 

marginal product of capital, suggesting relative slackening of financial 
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constraints. Finally, I find that financial constraints are more important among 

single-plant, non-exporting firms compared to multi-unit or exporting firms 

that have greater access to internally generated cash flow. 

These results confirm that financial constraints affect firms differently, 

with small, single-plant, and non-exporting plants bearing the brunt to a 

greater degree. The results have several implications for economic 

performance at the aggregate level. Firstly, they suggest that the relatively 

small role of small and medium-sized firms in developing countries (Ayyagari 

et al., 2007; Sleuwaegen and Goedhuys, 2002) could be, at least partly, the 

result of limited financing sources that inhibit the growth of small firms. 

Moreover, the results suggest that financial constraints limit the ability of 

firms with high marginal product from growing through investment. This 

appears to support the view that the efficient allocation of capital is 

compromised by poorly functioning financial markets in developing countries 

(Hsieh and Klenow, 2009). Policies targeted at alleviating financial constraints 

would thus be most fruitful when targeted to small, single-plant and private 

firms whose investment response is constrained by lack of finance. 
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5.A   Calculation of Capital Stock 

Perpetual inventory method is used to construct capital stock data from 

investment series by asset type. Initial capital stock data and investment data 

for five groups of capital goods are used for constructing capital stock and 

capital services. The asset types are i) residential buildings; ii) non-residential 

and other construction works; iii) machinery & equipment; iv) transportation 

vehicles; and v) others capital goods such as office furniture and fixture.  

At firm-level, capital stock, K, for each of the five asset groups is 

constructed using the perpetual inventory method (PIM) with geometric 

depreciation rate: 

(5. A1)	K�� = K��$�(1 − δ�) + NI��PI��  
where Kst is capital stock of asset type s at time t, B� is asset-specific rate of 

depreciation, NI is net investment calculated as purchase of new assets less 

any sales of existing assets, and PI is the investment price. Since there is no 

official data on investment price series for Ethiopia, a Fisher Price Index is 

calculated for all asset types using the import price of capital goods18. The 

import price data gives a reasonable investment price series since virtually all 

capital goods used in the country are imported.   

                                                           

18 The price for capital goods is taken from official customs data available on the 

website of the Ethiopian Customs Authority:  

 http://www.erca.gov.et/index.jsp?id=import_export_info 
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The depreciation rate values used for constructing the EU-KLEMS dataset 

(O’Mahony and Timmer, 2009) are used for calculating capital stock. These 

rates of depreciation are originally calculated using micro evidence from the 

US. For residential buildings, an identical annual rate of depreciation of 0.011 

is used across all industries. For non-residential buildings, transportation 

vehicles, and machinery and equipment the rates of depreciation vary across 

industries, but have average values of 0.03, 0.18 and 0.11 respectively. For 

furniture and fixtures a rate of depreciation of 0.14 is assumed across all firms. 

Around half of the firms in our dataset existed before the year 1996, which is 

the first year the survey covers. For those firms, the beginning of year book 

value capital stock is taken as the initial capital stock.  Total capital stock at 

firm level is calculated as the sum of capital stock by asset type in constant 

(1996) prices.  
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5.B   Full Set of Impulse Response Results 

Figure 5.B1: Impulse-responses for VAR(1) using the full sample 

  

Note: The dashed lines indicate 5% error bands generated from Monte Carlo simulation with 

1000 repetitions. 
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5.C   Impulse Responses under Alternative Ordering between 

MPK and CFK 

Figure (5.C1) reports the full set of impulse response graphs for the whole 

sample dataset using the alternative ordering between CFK and MPK. Overall, 

the graphs are similar to the baseline results reported in Appendix 5.B. 

Focusing on the investment responses given at the bottom row, the first 

graphs indicate a significant response of IK both for CFK and MPK shocks. As 

in the baseline analysis, the investment response is much greater for MPK 

shock than that of CFK shock (the cumulative investment response of one 

standard deviation shock of MPK and CFK being 5.36 and 2.62 percentage 

points). The response for CFK shocks thus appears much larger in this setting 

than in the baseline analysis where, though statistically significant, the 

magnitude of the cumulative response for CFKs was almost zero. 

Impulse responses by subsamples of size, reported in Figure (5.C2), are 

somewhat different than the baseline results since in this case CFK shocks 

have significant effect on investment both among small and large firms. 

However, the role of MPK shocks is considerably greater among large firms, 

which is consistent with the baseline results. (The cumulative response for one 

standard deviation MPK shock is 7.5 percentage points among large firms and 

only 1.4 percentage points among small firms). This confirms that larger firms 

are less financially constrained to respond to profitable opportunities. Results 

for private and public firms, reported in Figure (5.C3), are similar to the 

baseline results, with investment by public firms showing greater response 

both for CFK and MPK shocks. 
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Finally, results for subsamples of firms with ‘domestic’ and ‘foreign’ 

orientation remain robust for changes in the ordering of the variables. As 

shown in Figure (5.C4), CFK shocks elicit significant and large response only 

among domestic (single unit, non-exporting) firms than for foreign (multi-unit 

or exporting) firms. Moreover, MPK shocks induce much larger investment 

response among foreign firms, confirming that these firms are less financially 

constrained.  
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Figure 5.C1: Impulse-responses using the full sample dataset 

 
Notes: The dashed lines indicate 5% error bands generated from Monte Carlo simulation 

with 1000 repetitions. The analysis is based on the following ordering among the variables in 

the VAR: 1) CFK, 2) MPK, 3) IK. 
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Figure 5.C2: Impulse responses of investment for subsamples of small and 

large firms  
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Figure 5.C3: Impulse responses of investment for subsamples of private and 

public firms  
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Figure 5.C4: Impulse responses of investment for subsamples of firms with 

‘domestic’ and ‘foreign’ orientation  
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