FAILURE AND SURVIVAL OF WEST
AFRICAN ECONOMIC AND MONETARY
UNION BANKS : THE ROLE OF
REGULATORY CAPITAL

Vigninou Gammadibe

Working Paper 032-2025

Bringing Rigour and Evidence to Economic Policy Making in Africa




FAILURE AND SURVIVAL OF WEST AFRICAN
ECONOMIC AND MONETARY UNION BANKS: THE
ROLE OF REGULATORY CAPITAL

By

Dr. Vigninou GAMMADIGBE

AERC Working Paper 026-2025
African Economic Research Consortium, Nairobi

October 2025



Disclaimer: The findings, opinions and recommendations are those of the author and do not
necessarily reflect the views of the Consortium, its individual members or the AERC Secretariat.

Published by: The African Economic Research Consortium

P.O. Box 62882 - City Square Nairobi 00200,

Kenya

© 2025, African Economic Research Consortium.



Acknowledgements

This research was made possible by the African Economic Research Consortium (AERC), which
provided financial and technical assistance. The authors would like to thank the resource persons,

Dr. Abbi Kedir and Dr. Prudence Magejo, for their invaluable comments and suggestions, which
have greatly enhanced the quality of the paper.



Abstract

This paper analyzes the contribution of capital and its ownership structure on the failure of WAEMU (West African
Economic and Monetary Union) banks. The study covers 147 banks observed over the period 2003-2017 and is based on
non-parametric, semi-parametric, and parametric survival models. The results of the estimates using the partial maximum
likelihood method show that the capital ratio plays a key role in the survival of banks by significantly reducing the
probability of failure. Findings revealed that they can predict banking difficulties over a time horizon ranging from one to
three years. Foreign ownership seems to reduce the probability of default. The increase in bank capital from 2007 seems
to be accompanied by a faster acceleration of total bank assets as compared to equity. The estimates showed that low
market share is an indicator of banks’ vulnerability. Based on these findings, the paper recommends special supervision of
small and newly established banks with small market shares and better management of banking institutions concerning
capital management and risk-taking. Furthermore, the study urges the regulator to consider the structure of the market
while issuing new licenses, to avoid a highly competitive banking sector that is not conducive to the stability and survival

of banks.
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1. Introduction

A healthy banking system is an important prerequisite for effective monetary policy, financial stability, and economic
growth. Recent financial crises, especially the successive failures of major international banks, brought to the forefront the
issue of banking risks, including systemic, liquidity, and insolvency risks. These events highlighted the importance of
strengthening the macroprudential approach and rethinking the micro-prudential standards for the supervision of banking
institutions. In the West African Economic and Monetary Union (WAEMU), the question of the banking system’s stability
is particularly acute insofar as commercial banks dominate the financial system of the region in the context of indirect
finance.! The vulnerabilities specific to each bank not only contribute to costly systemic crises but also constitute “grains
of sand” in the machinery of monetary policy and a risk of a negative shock on the flow of credit essential for economic
growth. From this perspective, the authorities in charge of banking supervision face major challenges in ensuring the
resilience of the banking industry and the survival of the component banks.

In response to the banking crisis that shook large parts of the banking system in the WAEMU zone from 1980 to 1995,
banking supervision emerged as an effective solution. Major reforms were implemented during this time, particularly for
financial liberalization, as defined by McKinnon (1973) and Shaw (1973), and the establishment of the Banking
Commission in 1990 to supervise and control credit institutions with a particular emphasis on regulatory capital. Since then,
the regulatory environment has evolved and incorporated the efficient banking supervision standards set by the Basel
Committee. In 2007, the WAEMU monetary authorities decided to gradually double the minimum regulatory capital stock
of the constituent banks and financial institutions and thus increase their financing capacities and solvencies. This reform
also aimed to reduce the risk of bank failure. The authorities then initiated a review of the prudential rules, which were
initially based on the Basel I framework, in line with the new Basel II and III frameworks that came into effect on January
01, 2018. The new system had a controlled risk profile and aimed to preserve the robustness and resilience of the banking
system to meet the needs of WAEMU economies and ultimately improve the survival of banks (BCEAO, 2017).

Analyses of the role of regulatory capital in preventing bank failures are typically based on asymmetric information and
regulation theories. Regulatory capital serves as a buffer that absorbs losses and reduces the probability of bank failure. It
protects bank creditors and, in systems with explicit or implicit public guarantees, taxpayers. Regulatory capital also plays
a preventative role by improving incentives for better risk management. When asymmetric information prevents creditors
from assessing bank risk-taking, banks operating with limited liability protection tend to take excessive risks (Dagher et al.,
2020). The use of capital and the consequent increase of shareholders can limit these excesses. In this regard, regulatory
capital can help minimize market discipline distortions associated with deposit insurance and implicit too-big-to-fail
government guarantees (Repullo, 2004; Hellman et al., 2000). Risk-taking may increase if bank equity capital is held by
external investors with high-risk preferences or concentrated ownership. Indeed, passive external investors are likely to
have a limited disciplinary role; therefore, the distribution of bank ownership is important to consider (Laeven and Levine,
2009).

The WAEMU banking landscape has undergone profound changes over the past decade, marked by the diversification of
credit institutions’ activities and the emergence of cross-border banking groups that dominate the Union’s banking
activities. Over the same period, it was noted that not all banks complied with capitalization ratios (BCEAO, 2017). The
steady growth in the number of credit institutions in the area illustrates the hegemony of the banking groups that are

! Indirect finance corresponds to a situation in which economic agents (household, company, public administration) borrow capital
from financial institutions to finance their investments. In contrast, direct finance involves agents with financing needs directly
accessing the resources of agents with financing capacity in financial markets.



expanding in the region based on the single license principle.2 Thus, it masks bank failures and registered acquisitions and
takeovers. Furthermore, the failure of all banks to comply with the minimum capital requirement and the solvency ratio
indicates the systemic risk carried by banks in times of difficulty. These changes in the banking system in the region have
given rise to new risks that must be identified and controlled with effective banking supervision and capital control practices
to reduce bank failures in the eurozone.

The WAEMU banking system was more or less spared from the financial crisis of 2007-2008. The numerous bankruptcies
recorded (liquidation, approval withdrawals, mergers, and acquisition/absorption) in the zone during a period of relative
financial stability (2003-2017) raised questions about the determinants of the failure or survival of banks and the distinctive
role of regulatory capital. Considering how the failure of a financial institution can trigger banking crises as well as the
enormous costs that such institutions generate for the economy, it is crucial to analyze the failure and survival of WAEMU
banks over the recent period (2003-2017). Doing so can help regulators identify early warning indicators of bank failures
and take appropriate action. The analysis results may also be of major relevance to regulators implementing the new Basel
II and I1I standards.

Accordingly, the general objective of this study was to investigate the failure and survival of WAEMU banks over the
period from 2003 to 2017. More specifically, the study objectives were (i) to identify the main determinants of failure and
survival of WAEMU banks and (ii) to isolate the role played by banking variables, particularly equity. In addition, the study
attempted to analyze the effects of the increase in bank capital in 2007 as well as the role of the capital ownership structure
on bank defaults in WAEMU countries. Indeed, WAEMU countries provide a conducive framework for analyzing bank
failure and survival over the recent period of relative financial stability, as these countries form a monetary union in which
over a hundred banks across the eight countries are subject to the same prudential regulations. In addition, these banks share
a single money market, uniform legal framework, supranational supervisory authority, banking crisis resolution authority,
and regional deposit guarantee scheme. Economic research has proven to be effective in analyzing resilience and bank
failures. However, to the best of our knowledge, few studies have addressed specific cases related to the failure and survival
of WAEMU banks to analyze the role played by regulatory capital. The present study fills this gap.

A survival analysis was conducted in this study, and banking variables were found to be the main determinants of WAEMU
banks’ survival during the 2003—-2017 study period. Capital ratios were found to significantly reduce the probability of
failure and thus play a key role in the survival of banks. The findings revealed that they can predict banking difficulties
over a time horizon of one to three years. Furthermore, foreign ownership seemed to reduce the probability of default;
however, this effect was not robust. The increase in bank capital from 2007 was accompanied by a faster acceleration of
total bank assets than equity.

The rest of the article is structured as follows: Section 2 presents some stylized facts on the WAEMU banking system.
Section 3 reviews the literature on the determinants of bank failures, with a particular focus on the role of capital. The
methodological approach, estimation strategy, and data collected are presented in Section 4. The results of the econometric
estimates and their implications are discussed in Section 5. Section 6 concludes the article.

2. Stylized facts

As given in Table 5, 34 banks were in default during the study period: eight in Cote d’Ivoire, seven in Togo, and six in
Benin. The descriptive analysis revealed that 76% of the failing banks were private banks and 68% were small banks (Table
6). The year 2012 recorded the highest number of bank defaults due to the absorption of all branches of a cross-border
banking group. In addition, six out of the nine banks were placed under temporary administration in 2017,

Graph 1 below depicts three phases of the evolution of WAEMU banks’ capital ratios over the 2003—2017 period. The first
phase, that is, from 2003 to 2007, was characterized by high ratios and a low number of bank defaults (Table 4 in the
Appendix). The second phase, that is, from 2008 to 2012, was marked by a decline in the capitalization ratio. Over this
period, 18 banks defaulted (Table 4). The WAEMU monetary authorities decided in 2007 to raise the minimum share capital

2 The principle of the single agreement is the possibility offered to cross-border banks operating in a WAEMU country to extend their
networks to other countries of the union by setting up new subsidiaries. These subsidiaries are generally endowed with management

autonomy and considered in the banking system as a new entity in the host country.
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applicable to banks to CFA 10 billion as of January 1, 2008. The implementation of this decision (capital increase) was
sequenced in two phases. First, the minimum share capital of banks was raised to FCFA 5 billion as of January 1, 2008.
Banks had to comply with this requirement by December 31, 2010, at the latest. July 1, 2017, marked the end of the second
phase, by which banks had to increase their minimum capital from FCFA 5 billion to FCFA 10 billion. This capital increase
aimed, among other things, to increase the resilience of the Union’s banks. However, it was accompanied by a higher
increase in risk-taking, which caused the ratio to decline significantly in the 2008—2012 period. Financial stability during
this period was safeguarded by the sound economic environment and supervision by the banking commission. Notably, the
banking system remained stable during this period due to the Banking Crisis Resolution Committee’s monitoring of the
zone, with recovery procedures initiated when a bank was in serious trouble. The third and final phase, that is, from 2013
to 2017, saw an increase in the capital ratio due to the completion of the capital adequacy doubling process.

Analyzing the distribution of banks’ capital ratios (Graph 1B) over the periods before and after the increase in social capital
revealed that banks had significantly deteriorated capital ratios over the 2008—2017 period compared to the 2003—2007
period.

Graph 1: Variation in the capital ratios of WAEMU banks from 2003 to 2017
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Table 7 in the appendix presents the market shares of cross-border banks and their origins. It shows that the banking market
in WAEMU was essentially dominated by cross-border banks during the study period, with single-country (non-affiliated)
banks holding an average market share of 14%. Cross-border banks from the WAEMU zone accounted for one-third of the
market share, while Maghreb banks had the second largest market share (30.2% in 2019). European banks held a market
share of around 14%, which remained relatively stable over the period from 2005 to 2019.

3. Literature review

This section begins with a review of the theoretical justifications for capital regulations and their roles in preventing bank
failures. Empirical work on the determinants of bank failures is then presented.

A. Theoretical review



Financial intermediation, the main activity of banks, involves collecting deposits, usually in the short term, to finance short-
and long-term loans for businesses and households. Like any company, banks must meet the return on equity required by
their shareholders; in addition, they must comply with prudential standards that require them to strictly cover their risks
with equity capital. A bank becomes insolvent when losses on loans granted cause the bank’s funds to be absorbed.
Therefore, a bank’s survival for a given period is linked, in part, to the dynamics of its capitalization level. A systemic crisis
occurs when a significant part of the banking system suffers substantial losses that erode capital. Thus, the literature
indicates that shocks that negatively affect bank borrowers’ performance are positively correlated with systemic banking
crises. In addition, for any given shock, less capitalized banking systems tend to be more vulnerable (Leaven and Valencia,
2018; Demirgili¢-Kunt and Detragiache, 1998).

Asymmetric information and regulation theories are generally used to analyze the role of capital in the prevention of bank
failures. Indeed, capital requirements form the cornerstone of banking regulation in this context. Their use is justified in the
literature for several reasons. The first is related to protecting depositors and consumers from the complete loss of their
assets in the event of bank failure (Dagher et al., 2020; Freixas and Rochet, 2008). Indeed, bank failures can be very costly,
particularly for the creditors of the defaulting bank (depositors, shareholders, and other banks) and, to a lesser extent, for
borrowers who had previously developed a close relationship with the defaulting bank. In addition, a bank failure can spread
to other banks, jeopardize the solvency of sound non-financial businesses, and temporarily damage the payment systems.
As depositors do not have all the information on how banks are managed, they are not in a position to effectively monitor
banks. As they are asymmetrically informed about the quality of banking assets, depositors need to be represented by
regulators (Delaite, 2012).

The second justification for capital requirements is related to systemic risk. Capital standards are intended to prevent
bankruptcies and the resulting systemic crises. Indeed, bank failures can be transmitted, sometimes quickly, from one bank
to another because of contagious fears on the part of customers or because of important banking interdependencies.
Regulators must, therefore, ensure that bankruptcies are limited to the local level so that they do not spread to the entire
sector; doing so requires the presence of institutions that can maintain a protective buffer to absorb losses and thus preserve
solvency (Dagher et al., 2020; Plihon et al., 2006).

Asymmetric information theories justify capital requirements based on the reduction of moral hazard problems associated
with certain forms of public deposit insurance. Deposit insurance was initially intended to protect depositors from bank
failures without necessarily preventing bank failures (Kose et al., 1991). In the presence of a deposit guarantee, which
serves as a safety net, bankers may be more inclined to take risks. The necessary market discipline no longer works. In
addition, the regulation of banks’ capital is also aimed at reducing the moral hazard problems associated with the so-called
too-big-to-fail principle. Indeed, the public guarantee granted to large institutions by governments can not only lead to
excessive risk-taking by the institutions but also to a distortion of competition compared to smaller institutions. Reinforcing
the regulatory capital constraints would at least be a partial solution to the moral hazard problem (Plantin, 2015; Mishkin,
2007). Capital standards also help to limit the problem of adverse selection. Indeed, when depositors are protected by a
public safety net, they have fewer incentives to control their banks, and the banking industry becomes attractive to risk-
tolerant entrepreneurs, especially in the absence of regulatory interventions. Thus, by setting a capital standard, regulators
have the opportunity to mitigate the risk of adverse selection. The introduction of a rigid and imposing rule will, through
regulatory pressure, prevent excessive risk-taking and force opportunistic banks to adopt prudent behaviors or exit the
market (Mishkin, 2007; Morrison and White, 2005).

Despite the advantages of the prudential mechanism of regulatory capital, the theoretical literature questions its
effectiveness by pointing out that it can have unexpected effects on a bank’s behavior (Saadaoui, 2010). Indeed, when the
capital standard is defined as independent of risk, that is, by setting a minimum capitalization threshold proportional to the
volume of loans; this can lead a bank, which aims to optimize the risk/return combination of its portfolio, to increase the
relative level of risky loans. Thus, capital requirements are likely to place a bank’s loan portfolio below the efficiency
frontier on which the optimal composition of the portfolio is based. This will not allow it to achieve the return/risk
combination that maximizes its portfolio value. This explains why a bank might migrate its portfolio to a composition
dominated by risky loans (Koehn and Santomero, 1980; Kim and Santomero, 1988).



Concerning equity-related financing costs, banks are tempted to undertake more risky behaviors when the level of capital
is high to offset the cost of owning additional capital. However, this would increase the probability of bank failure. In this
context, Blum’s (1999) work shows the existence of an intertemporal effect of capital regulation. In the presence of
constraining capital requirements, an additional unit of capital has more value in the following period. Thus, when the cost
of issuing capital is relatively high, the only way to increase capital in the next period is to take more risks in the first period.
In addition, a bank tends to face a trade-off between the loss of yield resulting from its compliance with regulatory
requirements and the costs associated with legal sanctions if it violates regulatory rules. Therefore, if the contract between
a regulator and a bank involves an incentive constraint, then the regulatory capital mechanism will encourage banks to
exercise caution. However, in some circumstances, the factors that drive a bank toward excessive risk-taking may dominate
over factors that encourage caution (Saadaoui, 2010).

Moreover, the effectiveness of capital standards in limiting banks’ risk-taking behaviors is subject to the implementation
of additional measures (Kose et al., 2000). To this end, in addition to the minimum capital requirements related to risks
(credit, operational, and market risks), the Basel II and III framework has been implemented based on the principles of
prudential supervision and the related regulatory framework as well as the leading principles governing market discipline,
which aim to strengthen institutions’ transparency and public communications regarding risk exposure. Notwithstanding
the abovementioned limits, equity capital ratios are subject to particular attention and supervision by the Basel Committee
and national regulators. Thus, they occupy a prominent place in the Basel II and III prudential frameworks, which have
been in force in the WAEMU zone since January 1, 2018, with a wide range of capitalization ratios to be respected by
banks.

B. Empirical works

Several studies have empirically analyzed the relationship between capital requirements and bank failure, but the results do
not converge on the fact that bank capitalization reduces the risk of bankruptcy. The first studies go back to Boyd and
Graham (1986), who showed using a sample of American banks that an increase in the unweighted risk capital ratio reduces
the risk of bank failure. Goyeau and Tarazi (1992), focusing on the difficulties faced by banks in Europe, highlighted
insufficient risk coverage as a crucial factor of default. Jeitschko and Jeung (2004), using the unweighted risk capital ratio,
produced the same result for well-capitalized banks. However, they did not find any significant relationship between capital
and default risk for less-capitalized banks. Bichsel and Blum (2004) studied the relationship between capital and the risk of
failure of European banks on the one hand and the correlation between capital and the probability of failure for a group of
Swiss banks on the other, obtaining mixed results. The signs of the coefficients of the estimated models depended on the
proxies used, estimation method, and sampling.

In contrast, Sheldon (1995) found that banks with high unweighted capital levels were more likely to fail, which is in
accordance with the logic that capital increases are accompanied by high risk-taking behaviors. Similar results were
obtained in Camara’s (2010) study, which involved a sample of 3,411 banks from 17 European countries in 1992-2006.
Using the z-score as a measure of default risk, the author noted that an increase in the capital ratio did not reduce default
risk but, rather, contributed to it. Other studies focused on the relationship between capital requirements and banks’ risk-
taking. Shrives and Dahl (1992), using data from 1,800 US banks over the 1983—1987 period, found a positive relationship
between changes in risk and changes in capital. This result was valid for banks with insufficient capital as well as those
with capital levels above the required minimum; both tended to take greater risks with capital increases and vice versa.
Using the z-score as a risk measure, Delis and Staikouras (2011) found that capital requirements, even when reinforced by
supervisory activities, are not effective in reducing a bank’s risks.

The 2008 financial crisis paved the way for more recent work on bank failures. Examining a sample of 560 US banks during
the 2003-2009 period, Abou-El-Sood (2015) investigated whether the capital adequacy ratios required by regulators were
associated with bank failures. His findings revealed that regulatory capital is not the only factor associated with banks’
distress, and other significant reasons need to be considered. Market-based default probability measures and bank-specific
characteristics, such as size and loan provisioning, were proven to be relatively more significant contributors to bank
distress. Evzen and Ichiro (2019) analyzed bank survival by using the Cox proportional hazards model with a large dataset
of 17 Central and Eastern European markets during the 2007-2015 period. Their results showed that progress in banking
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reforms positively affected bank survival. In fact, during the European sovereign debt crisis and afterward, banking reform
progress substantially contributed to improving the probability of survival. From the same perspective, Mare (2015) focused
on small Italian banks in 1994-2006 and, based on survival models, developed a model for predicting bankruptcy. He found
that macroeconomic factors, both at the regional and national levels, are significantly related to the risk of failure among
cooperative banks.

Some studies have used alternative approaches to survival analysis. In a recent study of East Asian commercial banks, Lin
and Yang (2016) used a fixed-effects logit model for panel data regression and a split population survival time model to
investigate the impact of banking fundamentals and economic conditions on bank failures and survival time; they considered
11 East Asian markets from 1999 to 2011. Their findings revealed that strong banking fundamentals, including capital
adequacy, asset quality, management, profitability, and liquidity, as well as favorable economic conditions measured by
gross domestic product (GDP) growth rates, inflation rates, and real interest rates, reduce the failure probability of East
Asian banks. In addition, survival times were found to be primarily described using measures of economic conditions, and
the banking fundamentals exerted marginal effects. Furthermore, Lee et al. (2019) aimed to develop a loan portfolio risk
(LPR) variable that could measure time-varying volatility in default risk for a portfolio of bank loans. Using 538 bank
failures from 2003 to 2017, they found the equity-to-LPR ratio (ELPR) to be incrementally important in predicting bank
failures up to five years in advance, even after controlling for all the CAMELS variables (capital, asset quality, management,
earning, liquidity, and market risk sensitivity).

Notably, Dannon and Lobez (2014) empirically analyzed the impact of banking regulation on the risk of default of 48
WAEMU banks from 2000 to 2010 using a fixed-effects panel model. The z-score was used as the default risk indicator.
The results of their estimates suggested that banks with high solvency ratios, banks focusing on credit activity and large
banks have a lower risk of default. Ndiaye (2014) observed a sample of 98 banks over the period from 2001 to 2011 and
found similar results to those of Dannon and Lobez (2014). The main results obtained using the dynamic panel generalized
moment method (GMM) showed that Basel capital reduced the risk of bank failure among banks in the total sample as well
as the sub-sample of large banks during the study period. On the other hand, equity contribution was found to reduce the
probability of bank failure in the total sample but to increase the risk of bankruptcy in the sub-sample of large banks.
Subsequently, Kanga et al. (2020), based on a sample of 113 banks observed from 2000 to 2014, conducted a simultaneous
estimation of the relationship between bank capital, bankruptcy risk and profitability, taking into account the effects of
banking groups. The results revealed that bank profitability was sensitive to capital ratios, justifying the implementation of
the new Basel standards in the WAEMU. In addition, foreign banks and cross-border banks were found to reduce credit
risk and profitability in the banking sector.

In addition, several empirical studies have reported the causes of bank failure, which can be classified as follows: (i)
endogenous factors captured by bank or microeconomic variables (in this case, a bank’s failure is the result of ineffective
management) or (ii) exogenous factors such as macroeconomic conditions and the structure of the banking market. The
methodologies involved several approaches, such as logit and probit models and discriminant and survival analyses.
Survival analysis, a statistical method primarily used in the areas of medicine, biology, and engineering (Hosmer and
Lemeshow 2008), was first applied in the field of economics by Lane et al. (1986), who identified the factors related to
bank failures in the United States during the 1979—1984 period. They noted that the specific characteristics of individual
banks, as they appear in financial statements, have the explanatory power required to identify the early warning signals of
bank distress. Gonzalez-Hermosillo et al. (1997) conducted the first case study for Mexico after the 1994 monetary crisis.
Using bank variables, they found higher values of non-performing loans and unsecuritized loans to be associated with higher
probabilities of default. Dabos and Escudero (2004) examined the Argentine banking system using a survival analysis and
banking data. They concluded that an increase in profitability and liquidity reduces a bank’s default risk. As for
macroeconomic variables, Demirgilic-Kunt and Detragiache (1998) concluded that the unfavorable macroeconomic
environment (low GDP growth, high inflation) in both developing and industrialized countries, by negatively affecting
portfolio quality and bank profitability, increases the probability of bank crises.

Powo (2000) used a logit econometric model to analyze the determinants of bank failures in the 1980s in the WAEMU.
High indebtedness of commercial banks to the WEAMU central bank, low levels of banking, undercapitalization, a decline
in the credit-to-total assets ratio, and a deterioration in economic profitability were found to be associated with a high
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probability of bankruptcy. Angora (2006) used the same methodology to analyze the determinants of banking crises in
WAEMU countries from 1975 to 1995. The results revealed that the crises were linked to unfavorable macroeconomic
contexts that involved a decline in economic growth and a drastic drop in inflation, which led banks to adopt restrictive
credit policies.

Economic research has proven its effectiveness in analyzing bank resilience and failures. However, to date, no study seems
to have addressed the specific case of WAEMU banks’ survival amidst relative stability and a sound economic environment.
The present study aimed to fill this gap in the literature. Considering the study objectives, previous empirical work, and the
specific features of the WAEMU banking system, it was hypothesized that equity capital, along with microeconomic and
macroeconomic variables, plays a decisive role in the survival or failure of WAEMU banks; in addition, increase in bank
capital and the capital ownership structure could drive the default of WAEMU banks.

4. Methodological approach

This study began with the use of statistical and econometric methods to identify the main determinants of WAEMU banks’
survival. To this end, survival (or duration) models were deemed more appropriate than traditional classification techniques
for this context, such as discriminant analysis and binary choice models (Logit and Probit). Indeed, unlike other methods,
the parameters determining bank survival can be estimated using semi-parametric survival models that do not require the
distribution of bank lifespans to be hypothesized. Second, a survival analysis recognizes the continuous nature of the
probability of bank failure. Third, censored data and complete lifetime data can be easily taken into account in this approach
(Shumway, 2001; Evrensel, 2008; Mare, 2015; Lin and Yang, 2016). Finally, unlike other available techniques, survival
models enable the estimation of the time required for bank failure—information that can be useful for banking supervisors.

Finally, a survival analysis provides more flexibility for analyzing the determinants of bank failure than an ordinary least
squares (OLS) regression analysis because the latter requires a proxy, such as the z-score, for bank failure or insolvency
risk (Pappas et al., 2017). The major disadvantage of a z-score regression is that the z-score, being a proxy, does not capture
information about the current default event. In addition, calculating the z-score requires the availability of data for a
sufficient time for each bank, which, in the context of this study, would have eliminated several newly established banks
from the sample.

A. Duration models

Survival analysis is a statistical technique that models the time it takes for an event (bankruptcy, death, finding a job, etc.)
to occur, given a set of determining factors. It is based on the concepts of survival function and risk or hazard function.

Past studies have used three survival analysis approaches: non-parametric, parametric, and semi-parametric. The non-
parametric approach allows the survival function to be estimated and represented when no hypothesis is to be made about
the lifetime distribution. The most commonly used estimator of the survival function in this framework is the Kaplan-Meier
estimator also known as the product-limit estimator. It integrates information from all available observations, both censored
and uncensored, since survival at any point in time is considered a series of steps defined by the observed survival times
and censored times. The Kaplan-Meier estimator of the survivor function considers survival up to a particular point in time
as a series of steps defined by the observed survival and failure times. It estimates the conditional probabilities of survival
at the current time point given survival up to the previous time point and multiplies them to provide an estimate of the
survival function. The estimated survival function $(t) can be shown as:

so= ] == (1)

y(i)<t

Where y (i) denotes the i distinct ordered censored or uncensored observation, n; and d; indicate respectively the number
of observations and the observed number of failures. The non-parametric approach does not enable us to identify the
contribution of the determinants of survival.

In semi-parametric survival analysis, it is possible to estimate the contribution of various covariates to bank failure. The

Cox proportional hazard model, a semi-parametric method, has been popular, because one may want to adopt a distribution-
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free approach to survival analysis. In this model, the hazard function is the basis of the regression model. This approach
decomposes the hazard or instantaneous risk into a non-parametric baseline (h,(t)), shared across all banks, and a relative
risk (exp [B;X; (t)]), which describes how individual covariates affect risk (equation 2). The Cox proportional hazard model
is specified as:

h[t1X; (0] = ho(Dexp [BiX;(t)] @)

Where f; are unknown parameters that represent sensitivities to variables of interest, hy(t) is the baseline risk function
common to all banks that is not assumed to follow any distribution in the case of Cox’s model. The X; variables
multiplicatively affect the failure rate. A value 5, > 0 indicates that an increase in the variable X, leads to an increase in
the risk of default and a decrease in the bank’s survival time. More precisely, an increase of one unit of the explanatory
variable X; leads to a percentage increase in the failure rate of about 100 X [exp(By) — 1]. The coefficients B} thus
represent the semi-elasticity of the failure rate at a variation de Xj.

A parametric survival model is one in which survival time is assumed to follow a known distribution whose probability
density function can be expressed in terms of unknown parameters. In this approach, all parts of the model are specified,
both the hazard function and the effect of any covariates. Parametric survival models therefore require precise assumptions
about the distribution of the lifetime T. The literature offers a plethora of distribution choices: Normal, Log-normal,
Weibull, generalized Weibull, Gamma, Logistics, Log-logistics, and Gompertz etc.

In the present study, a non-parametric approach was first used to estimate and describe the survival function of WAEMU
banks; the Kaplan—Meier estimator was adopted for the same, considering Evrensel (2008) and Pappas et al. (2017). To
avoid errors specifying the distribution of the variable T, the Cox proportional hazards model was used to estimate the
effects of the explanatory variables on bank survival (Pappas et al., 2017; Evzen and Ichiro, 2019). Parametric models were
deployed to control the robustness of the semi-parametric approach estimates (Evrensel, 2008; Mare, 2015; Lin and Yang,
2016).

B. Variables

In a survival analysis, the dependent variable is the failure time, that is, the length of time an institution has been or is in
operation. For active banks, this is the difference between the current year and the year of establishment. For failed banks,
this is the difference between the last year for which financial statements are available and the year of establishment. Bank
failure was captured by a dummy variable equal to 1 in the year the failure occurred and O for the years in which the bank
survived. Otherwise, it was equal to 0 for the surviving banks for all sample years. A bank is considered to be in default
when it undergoes liquidation or when its license has been withdrawn by the banking supervisor. Bank dissolution,
liquidation, mergers and acquisition/absorption are also considered bankruptcies (Heffernan, 2005). Furthermore, banks
under temporary administrations are also assumed to be failing. Specifically, they are considered banks that would have
gone bankrupt without the intervention of the banking supervisor or public authorities. Provisional administration occurs
when a bank has serious management difficulties with negative equity capital. Notably, banks that temporarily do not meet
the capitalization standard are subject to special monitoring but are not considered to be banks under provisional
administration.

The explanatory variables for the present study were chosen based on the reviewed literature, and they consisted of a
combination of external or macroeconomic variables, which take into account the economic environments of banks, and
internal or microbank variables, which are reflected in the financial statements of banks or are related to the structure of the
banking market. The variables selected in this study are summarized in Table 1 below with their expected signs on the risk
of bank failure.

The banking variables were chosen based on the CAMELS prudential rating system (capital, asset quality, management,
earnings, liquidity, and sensitivity to market risk). Capital ratio, the variable of interest in this study, is measured as effective
capital over total assets (EC). The objective of a capital ratio requirement is to ensure that bank shareholders maintain a
minimum level of equity to meet the risks incurred in the event of bankruptcy. EC is composed of Tier 1 capital and
supplementary capital. Furthermore, total assets are calculated based on unweighted risks in the absence of detailed
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information on the various assets in the portfolio. This variable was expected to have a negative coefficient, considering
that the risk of default decreases as the capital ratio improves. Liquidity (LQD), which represents the ratio of total short-
term deposits to total loans, was introduced as a variable to account for its effect on banks’ activities. A negative sign was
expected for the coefficient of this variable (Beck et al., 2013).

The ratio of net loans to total assets (NL) was also considered in this study. Lending is the main, albeit risky, activity of
WAEMU banks. Thus, banks have some expertise in monitoring the associated risks. Assuming a rigorous selection of loan
applicants, an increase in this ratio would have a positive impact on bank survival. Otherwise, an increase in this ratio would
increase the risk of deterioration of the bank’s portfolio. This ratio also captures the degree of diversification of a bank’s
revenue sources, with a high ratio indicating a low degree of diversification and vice versa. The expected sign of the
coefficient for this variable is ambiguous in theory. The study also aimed to capture the effect of credit risk by introducing
the bank portfolio deterioration rate (PDR), which is the ratio of gross non-performing loans to total gross loans, to the
model. A positive sign was expected for the coefficient of this variable, considering that an increase in non-performing
loans would reduce the longevity of a bank (Gonzalez-Hermosillo et al., 1997; Caprio and Klingebiel, 2003).

The share of general expenses in the total expenses (GE) was also taken into account in this study. A low share of general
expenses can indicate good management of expenses, which contributes to increasing the bank’s profitability and thus
ensuring the sustainability of its activities. On the other hand, banks with high overheads may be tempted to choose riskier
assets that they believe can be better monitored, which contributes to a higher risk of default. However, a high share of
general expenses in the overall costs can have a positive effect on bank survival insofar as these expenses can boost banks’
productivity and thus their profitability (Naceur, 2003). Moreover, in the process of maximizing profits, banks tend to incur
additional operating expenses, which explains the direct variation between general bank expenses and the return on assets
(Bashir, 2000). The effect of this variable on default risk was found to be theoretically uncertain.

Table 1: Main dependent variables in the study

Variable Definition Signe
Internal or micro-bank variables
Capital ratio Effective capital as a percentage of total assets -
Customer loans Total customer loans as a percentage of total assets
General expenses Share of general expenses in total expenses
ROE Return on equity -
Foreign Dummy variable equal to 1 if the bank is a foreign bank ?
Public Dummy variable equal to 1 if the bank is a state bank ?
Banking group Dummy variable equal to 1 if the bank belongs to a group -
New capital requirement of 2007 Dummy variable equal to 1 starting from 2007 ?
Size Logarithm of total assets ?
Liquidity Total short-term liabilities over total loans -
External or macroeconomic variables
HHI Herfindahl-Hirschman Market Concentration Index -
Market share Market share of the bank -
Real GDP per capita Real Gross Domestic Product in logarithm -
GDP growth Gross Domestic Product growth rate -
Inflation Country inflation rate +
Institutional quality Average of six institutional factors -
Portfolio quality? Non-performing loans as a percentage of total loans +

3 Technically, this is a microbank variable. However, it was taken at the aggregate level of each country due to the unavailability of
such data in the banks’ published balance sheets.
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Source: author

Drawing from the literature, profitability indicators were also included in the study estimations (Powo, 2000; Dabos and
Escudero, 2004). According to microeconomic theory, an inefficient firm cannot remain in the market in the long run. ROE
was used as a variable in this study, representing return on equity. This variable was chosen instead of ROA (return on
assets) because the latter involves total assets and net income—measures that are sensitive to macroeconomic conditions—
and is thus more volatile than ROE. Market share (MS) was also taken into account (Bikker and Haaf, 2000; Cihak and
Hesse, 2010) in the estimations, following the idea that a bank’s life expectancy decreases as its market share shrinks. The
market share of a bank was calculated based on the bank’s total assets. Negative coefficients were expected for these
variables. Furthermore, the market structure was accounted for in the estimations through the Herfindahl-Hirschman
concentration index (HHI). The HHI index presents the sum of squares of market shares of the banks in a country. Notably,
Ouedraogo (2012) showed that banking concentration increases with bank profitability in the WAEMU zone. A positive
sign was expected for the coefficient of this variable.

Four dummy variables (GRP, PUB, FOR, and REG2007) were introduced to control the ownership structures of the
WAEMU banks. The dummy variable GRP was assigned the value of 1 for banks belonging to banking groups and 0
otherwise. The dummy variable PUB took the value of 1 if the government-owned more than 50% of a bank’s capital and
0 if a bank was privately owned. The dummy variable FOR was assigned the value of 1 if more than 50% of a bank’s capital
was held by foreigners and 0 otherwise. Based on past empirical studies, foreign ownership, and private ownership were
expected to reduce the risk of bankruptcy, and public ownership was expected to be a risk factor for bankruptcy (Iannotta
et al., 2007; Nicolo and Loukoianova, 2007; Laeven and Levine, 2009; Tanimoune, 2009). In addition, the present study
attempted to capture the changes induced in the regulatory environment by bank equity increases in the years from 2007-
2017. To this end, the dummy variable (REG2007) was included in the model. It was assigned the value of 1 for the years
starting from 2007. Furthermore, to take bank size into account, the logarithm of the bank’s total assets (SIZE) was added
to the model. As indicated by Beck et al. (2013) and Heid et al. (2004), the size of a bank’s assets can influence funding
decisions and default risks. Large banks may benefit from implicit insurance because they are perceived as “too big to fail,”
which increases the risk of their assets. Large banks also benefit from economies of scale that favor their profitability. The
sign of the coefficient for the SIZE variable is ambiguous in theory.

Demirgiig-Kunt and Detragiache (1998) showed that economic slowdowns (low GDP growth and high inflation) negatively
affect bank stability. Accordingly, these macroeconomic variables were included in the model in order to account for the
state of the economy: the inflation rate (INF), GDP growth rate (GDPG) and the gross domestic product per capita (GDPC)
in log. Indeed, price stability is an objective of many central banks, including the WAEMU central bank. Even though high
inflation has adverse effects, the effects of moderate inflation are mixed (Cordeiro, 2002; Athanasoglou et al., 2008;
Kamgna et al., 2009). Thus, the impact of the inflation rate on the risk of bank failure depends on the level of inflation. An
upward trend in GDP should improve bank survival, since increased production increases business opportunities, income,
and, consequently, the ability of economic agents to meet their commitments. However, during periods of growth, banks
may choose riskier assets and thus be exposed to a higher risk of default. Nonetheless, this study considered the GDP growth
rate and GDP per capita as contributing factors to the survival of WAEMU banks.

Institution quality was deemed a non-negligible factor that contributes to the WAEMU countries’ economic environments.
This variable was measured by a synthetic index (INST) that represents the average of six sub-indices: voice and
accountability, political stability and absence of violence, government effectiveness, regulatory quality, rule of law, and
control of corruption. The scores for these sub-indices ranged from -2.5 to 2.5; the value of 2.5 was added to define the
index over positive values. A negative sign was expected for this variable based on the assumption that any improvement
in these institutional factors would reduce the probability of bank failure (Gbenou, 2018).

C. Data and estimation strategy

The use of survival analysis presents an unavoidable problem—data censoring. It takes many forms and occurs for different
reasons. The most fundamental distinction is between left and right censoring. Consider the case of the analysis of the
survival times of banks. If a bank is operational at the time of collecting data from financial statements, the duration or
survival time is right censored because the observation ends before the event (bank failure) occurs. Since survival time is

15



defined as the actual number of years a bank has been in business, left censoring was avoided in this study. However, right
censoring was real for the banks considered in the present study and was explicitly taken into account using the partial
maximum likelihood method in the Cox proportional hazards model.

The annual microbank data were taken from the financial statements published on the WAEMU Central Bank web page.
Hand-collected data is richer than the data from Bankscope and Bankfocus (see Kanga, Murinde, and Soumare, 2020).
Financial statements were obtained for all 147 commercial banks in the eight WAEMU* countries for the period from 2003
to 2017. Macroeconomic data were obtained from two databases. Real GDP and consumer price index (CPI) data were
obtained from the World Bank’s World Development Indicators (WDI) database. Variables for the quality of institutions
were taken from the World Bank’s Worldwide Governance Indicators (WGI) database.

5. Findings

The results from a descriptive analysis of the main explanatory variables are first presented, and then the unconditional
survival function of WAEMU banks is described. Following this, the results of the economic estimates are discussed.

A. Descriptive statistics

The results of the statistical analysis are given in Tables 4—-6 in Appendix A. They suggest that failing banks can be
distinguished from survivors by their characteristic ratios. The defaulting banks in this study were found to have negative
capital ratios, at an average of -0.86% compared to 10.53% for stable banks. This difference was statistically significant at
the 1% level. This result illustrates the importance of equity capital in WAEMU banks’ survival. Defaulting banks differ
from surviving banks in their negative profitability, total assets, and liquidity ratio. As shown in Table 4, return on equity
(ROE) was negative on average for the failing banks (-0.22%) during the study period. The market shares and balance sheet
sizes of the healthy banks were relatively higher.

The unconditional survival functions of the WAEMU banks were obtained using the Kaplan—Meier estimator. A graphical
comparison of the survival functions by bank category is presented in Appendix A, Graph 2. Specifically, the probabilities
resulting from the econometric tests of equality of survival functions (the Wilcoxon test) are reported in this graph. Notably,
it shows that the survival of private banks was better than that of public banks 10 years after the study period commenced.
However, this difference was not significant (p = 0.20) when considering the entire study period. Belonging to a banking
group did not make a difference to bank survival (Graph 2A). At a significance level of 9%, foreign banks had a higher
probability of survival than domestic banks (Graph 2C). On Graph 2D, the shape of the survival curve for large banks
differs fundamentally from that of smaller banks. This significant difference at 1% risk reflects the risk borne by smaller
banks, which had a lower chance of survival than large banks. This result is in line with that of the descriptive analysis of
the market shares of healthy and failing banks (Tables 4 and 6). Graph 3 of Appendix A presents the survival functions of
WAEMU banks at a 95% confidence interval, showing that the survival rates of the WAEMU banks after five, 10, and 20
years were 99%, 86%, and 77%, respectively.

B. Estimation results

The econometric estimates of equation (2), which were based on the partial maximum likelihood method, are presented in
Table 2. The variables were progressively introduced into the model to evaluate their contributions based on variable type
(Columns [1] and [2]). Column [1] presents the estimates obtained when the microbank variables were retained. Following
this, macroeconomic conditions were considered; Column [2] thus presents the coefficients of the model’s estimates with
all variables in place. Furthermore, the statistical findings of the Wald test revealed a higher overall goodness of fit when
macroeconomic conditions were taken into account. The coefficients of the individual variables in the study showed the
expected signs. However, not all variables were statistically significant at conventional levels.

Overall, some of the variables of interest in the study, namely capitalization ratio, foreign ownership, and the new capital
requirements of 2007, were significant at least at a 5% level in all regressions (Table 2). The negative coefficients associated

4 The West African Economic and Monetary Union (WAEMU) zone includes Benin, Burkina Faso, Cote d'Ivoire, Guinea-Bissau, Mali,
Niger, Senegal and Togo.
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with the capital ratio indicate that it positively influenced the survival of WAEMU banks during the study period. In other
words, the more capitalized a bank was, the more the risk of default was mitigated. Column [2] suggests that a one-unit
increase in the capital ratio (EC) led to a 1.63% (100 X [exp(—0.0163) — 1]) reduction in the probability of default. This
result corroborates the descriptive analyses of the capital ratios of surviving banks and failing banks (Table 4 in the
Appendix), which are in line with Powo’s (2007) and Dannon and Lobez’s (2014) empirical results indicating that
regulatory capital ratios contributed to lowering WAEMU banks’ default risks during the 1980-1995 and 2000-2010
periods, respectively.

Market share and bank size foster bank survival. Commercial banks that capture substantial market shares have higher
probabilities of survival. As given in Column [2], a one-point increase in market share increased the probability of survival
by 14.37%. The coefficient of the market concentration index was found to be positive but not significant. These results
suggest that banks in countries with relatively competitive banking sectors have a lower chance of survival, as competition
tends to reduce market shares.

Portfolio quality was found to be a significant determinant of bank survival. The coefficient on this variable was
significantly positive in all regressions at the 1% level. This result suggests that the life expectancy of a bank depends on
its ability to screen loan applications using adequate tools. Indeed, in the absence of real guarantees, the defaulted loan
downgrades induced the accumulation of loan loss provisions that eroded bank capital during the study period. The
coefficient (0.1082) indicates that a one-point increase in this variable increased the probability of bankruptcy by an average
of around 10.25%. The ratio of net lending to total assets (NL) was found to be significant at 1%, with a negative sign in
all estimates. This result aligns with the previously stated expectations and with the findings of Powo (2000) and Dannon
and Lobez (2014). The higher this ratio is, the more the risk of default is limited.

Furthermore, ownership structure was found to influence the survival of the WAEMU banks. The coefficient of the dummy
FOR variable was negative and significant at 1% in all regressions. This indicates that foreign banks survived longer than
domestic banks. In addition, the significantly positive coefficient of the dummy variable capturing the capital increase of
banks in 2007 suggests that an increase in social capital negatively affected bank survival. This result can be explained by
the pre-reform takeovers of fragile banks that found it difficult to raise additional capital due to their profitability levels and
the deteriorated quality of their loan portfolios. Moreover, the capital increase may have been accompanied by excessive
risk-taking by banks, having a long-term negative impact on their performance and thus their survival. Graphs 1A and 1B
corroborate this analysis.
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Table 2: Results of the Cox semi-parametric survival model estimates

Variables [1] 2]
Capital ratio (EC) -0.0158%** -0.0165%**
(0.004) (0.004)
Size of the bank -0.6520%*** -0.3245
(0.213) (0.237)
Customer loans (NL) -0.0243** -0.0318***
(0.010) (0.011)
Return on equity (ROE) -0.1189 -0.1310
(0.236) (0.216)
Share of general expenses (GE) -0.0152 -0.0247
(0.014) (0.015)
Market share (MS) -0.0383 -0.1552%**
(0.031) (0.059)
Liquidity (LQD) -0.3120 -0.1522
(0.446) (0.502)
Banking group dummy (GRP) -0.6389 -0.5820
(0.459) (0.482)
Public bank dummy (PUB) -0.5099 -0.7770%*
(0.451) (0.416)
Foreign bank dummy (FOR) -0.8946** -1.0621%*
(0.439) (0.429)
Capital requirement of 2007 4.1272%** 4.1270%%*
(0.938) (0.920)
Portfolio quality (PDR) 0.1082%*
(0.048)
Log of GDP per capita -0.2734
(0.360)
GDP growth rate 0.0684
(0.088)
Inflation rate 0.0526
(0.093)
Institutional quality -4.1924
(2.894)
HHI Market Concentration 0.0005
(0.001)
Wald Chi2 156.69 172.04
Prob > Chi2 0.0000 0.0000
Observations 1,384 1,384

Source: author’s estimate using Stata software, robust standard errors in parentheses. *** p<0,01, ** p<0,05, * p<0,1.

Concerning the effects of macroeconomic variables, the corresponding coefficients were found to be non-significant.
Indeed, the effects of institution quality and GDP per capita were negative but not significant. Similarly, inflation would
have been detrimental to banking activity during the study period but only marginally. Furthermore, the GDP growth was
positive but non-significant. These results can be explained by the macroeconomic frameworks of the zone’s countries,
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which were characterized by sustained GDP growth and controlled inflation. However, the results require further
investigation with other analytical approaches.

C. Robustness checks

The present study’s results were subjected to three types of robustness tests before any implications were drawn. First,
Equation (2) was re-estimated by lagging all the exogenous variables by one, two, and three periods to identify the variables
that could predict the probability of a bank’s failure or survival over a time frame of up to three years. The results are given
in Table 3 below.

Table 3: Results of the Cox semi-parametric survival model estimates

[1] 2] 3]

All variables All variables All variables
lagged by one lagged by two lagged by three
Variables period period period
Capital ratio (EC) -0.0277%** -0.0289%** -0.0228%**
(0.008) (0.008) (0.011)
Size of the bank -1.0360%** -0.8459%** -1.0270%**
(0.230) (0.198) (0.272)
Portfolio quality (PDR) -10.6285%* -0.9862 -0.7917
(4.471) (4.405) (4.407)
Customer loans (NL) -0.0216 -0.0121 0.0111
(0.014) (0.014) (0.014)
Return on equity (ROE) -0.0376 -0.3125%* -0.6308%**
(0.220) (0.169) (0.220)
Share of general expenses (GE) -0.0136 -0.0148 0.0163
(0.011) (0.016) (0.014)
Market share (MS) -0.0166 -0.0372 0.0246
(0.037) (0.046) (0.038)
Liquidity (LQD) -0.9653%* -0.7823%%* -1.7757%**
(0.407) (0.324) (0.687)
Banking group dummy (GRP) -0.9128* -1.0618%* -0.7801*
(0.466) (0.522) (0.450)
Public bank dummy (PUB) -0.6927 -0.7469 -0.9558
(0.720) (0.675) (0.631)
Foreign bank dummy (FOR) -0.7377 -0.7237 -1.1771%*
(0.472) (0.500) (0.474)
Capital requirement of 2007 1.5091 1.7069* 1.5482%*
(1.038) (1.032) (0.888)
Log of GDP per capita -0.1294 0.0254 -0.0647
(0.452) (0.438) (0.466)
GDP growth rate -0.0433 0.2007* 0.0308
(0.102) (0.118) (0.098)
Inflation rate -0.0939 0.0675 -0.1983%%*
(0.075) (0.097) (0.090)
Institutional quality -1.5303 -0.5502 1.9996
(3.519) (3.105) (3.192)
HHI Market Concentration -0.0004 0.0003 -0.0004
(0.001) (0.001) (0.001)
Wald Chi2 126.38 136.74 199.69
Prob > Chi2 0.0000 0.0000 0.0000
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Observations 1,245 1,118 991

Source: author’s estimate using Stata software, robust standard errors in parentheses. *** p<0,01, ** p<0,05, * p<0,1.

The results show, with statistical significance ranging from 5% to 1%, that capital ratio, liquidity, and bank size explain the
probability of survival or default for a maximum of three years ahead of time. The ROE coefficient was also found to be
significant for the two- and three-year time frames, and the portfolio deterioration ratio was determined to have the capacity
to predict bankruptcies one year in advance. Graph 1B shows the extreme capital ratio values among the banks considered.
The effects of these outliers were eliminated by winsorizing this variable to 1% and 99% (Graph 4, Appendix A). The
results of the new estimates (Appendix B, Table 8, column [1]) were qualitatively similar to the basic results.

Second, the robustness of the results of the survival analysis approach was tested. Since the estimates obtained were based
on the Cox proportional hazards model, following a semi-parametric approach, the following question arose: Are the
conclusions of the econometric analysis valid when a parametric approach is used? To answer this, the estimates were
replicated under the assumption that a bank’s of banks follows a specific distribution (Evrensel, 2008; Mare, 2015 and Lin
and Yang, 2016). Subsequently, three distributions were tested, namely the exponential, Weibull, and Gompertz
distributions. The results of the estimates obtained using the parametric approach are presented in Appendix B, Table 8.
They are in line with those obtained with the Cox model and indicate that capital ratio and market share positively influenced
bank survival during the study period, while loan portfolio deteriorations increased the banks’ risk of default. Overall, the
various sensitivity tests indicated that the main results were unaffected by the choice of analytical approach.

Finally, a binary choice model was used as an alternative analysis approach to survival analysis. Accordingly, a panel logit
model was used to check the robustness of the results, drawing from Powo (2000), Angora (2006) and Lin and Yang (2016).
The results are reported in Table 8, column [5]. These results are qualitatively in line with those obtained from the survival
analysis.

D. Discussion and implication of results

Since 2018, the monetary and banking authorities of WAEMU countries have been engaged in a convergence toward the
Basel II and III standards. Equity capital plays a central role in this process. These new standards define a set of capital
ratios based on the quality of the components of capital (Tier 1, Common Equity Tier 1, and Equity Capital) and the various
buffers (conservation, countercyclical, systemic, and leverage ratio). Concerning the conduct of banking supervision policy
in this new context, the present study’s results indicate the crucial role played by capital in WAEMU banks’ survival and
the need for their supervision by regulators. Considering that capital ratios predict the probability of survival over a
timeframe of one to three years, they are key indicators for the supervision of individual banks, implementation of an early
warning system, and deployment of stress tests.

The new capital standards enacted in 2018 required a gradual evolution of the capital ratio levels by 2022. This gradual
increase could provide additional leverage for the soundness of the banking system. The implementation of these new
capital standards should ultimately have a positive effect on the survival of banks. However, it is important to note that
capital regulations are not sufficient to safeguard the survival of banks. The risk-taking behaviors of profit-seeking banks
are crucial in determining their failure or survival. Furthermore, the results showed that the rate of portfolio deterioration
plays a major role in the survival of banks. Defaulting banks are those that accumulate non-performing loans. In terms of
regulatory policies for banking activities, this result implies that particular attention must be paid to portfolio quality in the
context of individual bank supervision. To this end, the prudential framework that has been in force since 2018 could help
identify a portfolio deterioration ratio with a maximum level to be respected by banks. Specific weighting could thus be
applied to the assets of banks with deteriorated loan portfolios. The aim of this instruction was to encourage banks to
rigorously monitor the quality of their portfolios to minimize default risks. In addition, the regulator could encourage the
use of modern risk selection tools, such as information-sharing systems, to facilitate the sharing of and access to information
based on the backgrounds of loan applicants. This measure facilitates the selection of loan applications by banks and should
ultimately reduce their portfolio deterioration rates. Recent studies (Baah et al., 2016, 2017) have shown that the
establishment of information-sharing systems has contributed to significantly reducing credit risks in 15 African countries.
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Moreover, based on the results of the descriptive and econometric analyses in the present study, the increase in bank capital
from 2007 did not have any positive impact on the capitalization or survival of banks. The capital increase would have
favored the absorption of fragile banks and greater risk-taking behaviors, as evidenced by the faster evolution of assets than
equity after 2007. These results suggest that greater importance should be given to the other pillars of Basel II and III for
regulating the banks in the WAEMU zone, particularly bank governance, and risk-taking. Notably, the baseline estimates
indicated that foreign and public ownership would be favorable for the survival of banks in the WAEMU zone. However,
these results were not significant after the robustness tests.

Finally, the results also revealed the significance of market share. On the one hand, these results suggest that WAEMU
regulators need to pay more attention to small or newly established banks with limited market shares. On the other hand,
they imply that the process of issuing new licenses should take into account the level of competition in the banking sector,
as newly established banks have limited market shares and are, therefore, vulnerable. Since the WAEMU region consists
of developing countries, an increase in the number of banks would enable the deepening of the financial system and boost
the funding of economies. However, regulators will have to balance the funding of economies and the stability of the
banking system, since a relatively high number of new banks would imply high probabilities of default in light of their low
market shares.

6. Conclusion

The WAEMU monetary authorities have initiated the revision of prudential rules applicable to banks in the zone to bring
them into line with the new Basel II and III standards, which came into force on January 1, 2018. The aim is to promote the
resilience of the sector, encourage banks to return to their fundamentals, strengthen good governance of banking institutions,
and limit the systemic risk borne by fragile banks and banking groups. In this context, the new minimum capital
requirements are a cornerstone of the architecture of the new framework. Although WAEMU banks were more or less
spared by the 2007 financial crisis, empirical studies agree that the major banking crisis experienced by this zone in the
1980s is intrinsically linked to the poor management of banks and the deterioration of the macroeconomic framework. At
this early stage of convergence towards international standards, this paper has questioned the role of capital in the survival
of banks in the region. What role does regulatory capital play in the survival of WAEMU banks? Do capital ownership and
the recent social bank’s capital increase matter? These questions are important not only to avoid the reoccurrence of banking
crises in WAEMU but also given the substantial costs of these crises in a context where the banking system of the zone is
the major provider of financing to the economies.

Based on bank failures observed in the region from 2003 to 2017, the paper attempted to provide answers to these questions
using non-parametric, semi-parametric, and parametric duration models estimated by the partial maximum likelihood
method. The study showed that banking variables are the main determinants of the survival of WAEMU banks over the
study period marked by sustained growth and low inflation. Capital plays a key role in the survival of banks by significantly
reducing the probability of failure. Estimates revealed that they can predict banking difficulties over a time horizon ranging
from one to three years. Market share and the rate of portfolio deterioration are the other variables revealed to be significant
in explaining the survival of WAEMU banks. The increase in bank capital starting in 2007 would have favored the
absorption of fragile banks and encouraged risk-taking.

The robustness of the results was tested using alternative approaches. The results highlight the need for an effective capital
adequacy framework for banks. The results argue for better management of banking institutions concerning capital
management and risk-taking. In addition, the estimates showed that low market share is an indicator of banks’ vulnerability.
In this respect, the study recommends special supervision of small and newly established banks with small market shares.
The study recommends that these parameters be taken into account in the issuance of new licenses to avoid a highly
competitive banking sector that is not conducive to the stability and survival of banks.
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APPENDIX A

Table 4: number of bank failures in the WAEMU over the period 2003-2017 by country

2003 2007 2008 2009 2010 @ 2011 2012 2013 2015 2016 2017 TOTAL

BEN 1 1
BFA
CIv

GNB
MLI
NER
SEN

TGO

—_ o O O O o o O
S O O O O = O O
S O = O O O = O
S O = O O O O O
S OO OO O =N
—_ o O O O o O

—_ N = = = N = =
S O O O O~ O O
S O o~ O O O O
S R O O O = O
OO O = WO

N W W NN oW

TOTAL 1 1 2 1 3 2 10 1 1 3 9 34

Source: author’s calculations from the financial statements of banks and financial institutions published by WAEMU Central Bank. BEN= Benin, BFA= Burkina Faso,
CIV= Cote d’Ivoire, GNB= Guinea-Bissau, MLI= Mali, NER= Niger, SEN= Senegal and TGO = Togo.

Table 5: number of bank failures in the WAEMU over the period 2003-2017 by type of bank

2003 2007 2008 2009 2010 @ 2011 2012 2013 2015 2016 2017 TOTAL

Group 0 0 0 1 1 2 9 0 1 1 2 17
NonGrp 1 1 2 0 2 0 1 1 0 2 7 17
Public 0 0 0 1 0 0 0 1 1 1 4 8
Private 1 1 2 0 3 2 10 0 0 2 5 26
Foreign 0 0 0 0 2 1 9 0 0 1 3 16
National 1 1 2 1 1 1 1 1 1 2 6 18
Small 1 1 1 1 1 1 10 1 0 3 3 23
Large 0 0 1 0 2 1 0 0 1 0 6 11
TOTAL 1 1 2 1 3 2 10 1 1 3 9 34

Source: author’s calculations from the financial statements of banks and financial institutions published by WAEMU Central Bank. Small banks are those with total
assets of less than CFA Franc 50 billion. Non Grp = non-group bank.

Table 6: descriptive statistics of bank variable

Mean
Variables Healthy Banks Defaulting banks Difference
Effective capital as a percentage of total assets (EC) 10.5324 -0.8561 11.3886%**
Size of the bank (log of total assets) 11.5762 10.2920 1.2841%**
Liquidity (Total short-term liabilities over total loans) 0.5790 0.4663 0.1124%***
Total customer loans as a percentage of total assets 53.8088 54.3204 -0.5115
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Return on equity (ROE) 0.2731 -0.2170 0.4901 ***
Share of general expenses in total expenses 40.3706 43.7161 -3.3454%**
Market share of the bank calculated with total assets 8.4682 7.4570 1.0111
Number of banks 113 34

Source: author’s calculations from the financial statements of banks and financial institutions published by WAEMU Central Bank. *** p<0,01, ** p<0,05, * p<0,1.

Descriptive statistics were calculated over the entire period of operation for each type of bank.

Table 7: Market share of cross-border banks by geographical zone of origin

Geographical zone 2015 2016 2017 2018 2019
West African Economic and Monetary Union 28.3 26.7 333 33.2 33.8
Maghreb zone 36.6 333 324 30.4 30.2
European union 14.6 14.1 14.4 14.9 14.6
West African Monetary Zone 6.6 6.7 3.0 3.8 3.1
Central African States Economic and Monetary Community 1.2 1.6 1.7 2.0 1.8
Other zones 2.4 23 23 2.4 24
Non-affiliated 13.4 15.4 12.9 13.2 14.1

Source: Annual reports of the WAEMU banking commission.

Graph 2: Comparison of survival functions (Kaplan-Meier estimate) by type of bank
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APPENDIX B

Table 8: Results of the robustness tests

Variables 1] 2] [3] 4] [5]
Cox’s Weibull Gompertz ~ Exponential Binary
model distribution distributio  distribution  Logit
(winsorizing n estimation
data)

Capital ratio (EC) -0.0274%**  .0.0152%** - -0.0146%** -

0.0154%** 0.0319%**
(0.006) (0.004) (0.004) (0.004) (0.007)

Size of the bank -0.4806** -0.3152 -0.2319 -0.1955 -0.5891%*
(0.212) (0.195) (0.192) (0.234) (0.312)

Portfolio quality 0.0906* 0.1047** 0.1070**  0.0873***  (0.0944**

(PDR)

(0.046) (0.042) (0.042) (0.029) (0.039)

Customer loans -0.0349***  -0.0169 -0.0108 -0.0086 -0.0209*

(NL)

(0.010) (0.011) (0.010) (0.009) (0.011)

Return on equity -0.0601 -0.1820 -0.2152 -0.2218 0.0160

(ROE)

(0.202) (0.230) (0.219) (0.214) (0.219)

Share of general -0.0226 -0.0204 -0.0160 -0.0102 -0.0198

expenses (GE)

(0.015) (0.013) (0.012) (0.012) (0.013)

Market share (MS)  -0.1228%* -0.1461**  -0.1430**  -0.1043* -0.0613
(0.051) (0.064) (0.063) (0.054) (0.060)

Liquidity (LQD) -0.2051 -0.5598 -0.5993 -0.6876 -1.0470%*
(0.407) (0.556) (0.535) (0.520) (0.566)

Banking group -0.6816 -0.4490 -0.5129 -0.6482%* -

dummy (GRP) 1.0772%*%*
(0.516) (0.352) (0.325) (0.314) (0.394)

Public bank dummy  -0.9390** -0.1231 0.0188 0.3693 -0.0955

(PUB)

(0.454) (0.407) (0.402) (0.410) (0.484)

Foreign bank -1.1024%* -0.2502 -0.1940 -0.0515 -0.3375

dummy (FOR)

(0.448) (0.439) (0.447) (0.436) (0.447)

Capital requirement ~ 4.373*** 3.4077**%  3.1954%**  3.1940%**  1.7082%**



(0.837)
-0.7833%*

p<0,1. Marginal
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Abstract

Irrigation could theoretically affect farm households’ nutritional status in two
directions. On the one hand, irrigation may improve nutritional status by boosting
farm productivity and household income. On the other hand, it may deter diet
quality by shifting farmers' attention from nutrition-rich food to cash crops. This
study examines the impact of irrigation schemes on farm households’ nutritional
status using nationally representative data from Ethiopia. Using the endogenous
switching regression model, the study shows that irrigation improves diet quality. In
addition, the study also identifies the production of micronutrient=rich crops such
as vegetables and fruit and the adoption of productivity-enhancing inputs as the
main pathways through which irrigation affects dietary quality. Hence, irrigation
can be considered a viable instrument to enhance the diet quality of smallholders,
and efforts should be made to tackle constraints that impede the adoption of
irrigation technologies.

Keywords: irrigation, nutrition, selection model, impact evaluation, Ethiopia
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1. Background and Justification of
the Study

According to the latest report on the state of food security and nutrition, approximately
10% of the global population is undernourished (FAO et al., 2021). The problem
appears to be escalating in Africa, where approximately 21% of the population is
undernourished (Global Nutrition Report, 2018). This shows that more effort remains
to be made in the region to end hunger, ensure food security, and enhance nutritional
status, which are part of the Sustainable Development Goals (SDGs).

Ethiopia is one of the countries in the region where ch|Sylvanus Kwaku Afesorgbor
widespread. Approximately a quarter of the population i8,,,5 11.15 171:27:57
insecure. More than half of the population consumes four or f
seven, and starchy staples account for more than 70 perc
consumption (WFP & CSA, 2019). Relatedly, per capitiyoy should use double spacing to
consumption in the country is 50.2 and 3.5 kg per year, respectilshow'a new paragraph or use

the 146 kg recommendation of the WHO. Strikingly, the problelindentation toi showrit.

country is not sensitive to wealth status, as a quarter of ch

wealth quintile also struggle with stunting, and only 16%‘“-er—ermarer—ror—tre
wealthiest families are receiving a minimum acceptable diet (Feed the Future, 2019;
WFP & CSA, 2019).

The country has been working with its partners to establish nutrition-related
interventions. For example, the second National Nutrition Program, which was
developed in 2015, aims to integrate nutritional needs with the agricultural sectors
to end hunger by 2030.! Since the vast majority of poor and undernourished people
depend on small-scale agriculture to support their livelihoods, improving the
performance of the sector can play a vital role in eradicating poverty and
malnutrition.

As argued by Haddad et al. (2016), examining the performance of the agricultural
sector from the perspective of supporting healthier diets is urgently needed to inform
nutrition-sensitive agriculture strategies. Accordingly, numerous studies have
explored the linkages between agriculture and nutrition in recent years, mostly in
developing countries.? Among them, the vast majority (including Tesfaye & Tirivayi,
2020; Hirvonen & Hoddinott, 2017; Jones, 2015; Sibhatu & Qaim, 2018) studied the link
between

The document can be accessed at http://extwprlegs1.fao.org/docs/pdf/eth190946.pdf
2See Ruel et al. (2018) for a comprehensive review of the relationship between agriculture and nutrition.
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farm production diversity and the quality of household diet.®> Others, such as
Carletto et al. (2017) and Ogutu and Qaim (2019), examined the role of
commercialization on diet quality and nutritional security.

However, as rigorously reviewed by Shankar et al. (2019), the research base on the
nutrition implications of agricultural asset ownership is thin and incomplete. In
particular, as observed by Balasubramanya and Stifel (2020), studies that explore
the link between irrigation use and rural welfare remain unexpectedly
undeveloped. They argued that the great majority of existing studies treat water as
a given input or focus on the management aspects of the resource. Nevertheless, since
the degree of substitutability between water and other crop inputs is very low, a
separate analysis is required to examine the impact of irrigation on the welfare
status of farm households.

This being the case, studies that establish an empirical link between irrigation use and
nutritional security are scarce. In addition, the few available studies are inconclusive
and provide two different lines of arguments. Passarelli et al. (2018), Alaofe et al.
(2016), and Bhagowalia et al. (2012) argue that irrigation can improve nutritional status
either by allowing farmers to produce (and consume) nutritious foods, including
micronutrient-rich vegetables and fruits, or it enables them to purchase nutritious
foods due to their income increment through increased output and diversion to high-
value crops. Contrary to these arguments, others such as Shively et al. (2012) argue
that there could be a potential trade-off, as irrigation would cause a shift in the
cropping pattern by moving farmers' attention away from nutrition-rich food to not-
so-nutritious cash crops. In line with this, Kafle et al. (2021) and Hagos et al. (2009)
showed that cereals and pulses are the most important crops in Ethiopia's rain-fed
system, whereas horticultural crops are widely grown in the irrigation system.*

Nonetheless, most of the existing studies either argue without empirical support or fail
to account for selectivity bias. For instance, Hagos et al. (2017) did not address the issue
of selectivity bias. However, irrigation use decisions may not be random. Hence, if, for
instance, resource-rich farmers are more likely to use irrigation, as shown by
Passarelli et al. (2018) and Kafle et al.

3 See Sibhatu and Qaim (2018) for a review of studies that examined the linkage between agricultural
production diversity and diet quality.

“Hussain and Hanjra (2004) also highlight the role of irrigation in shifting farmers' attention toward a
market-oriented production system. Similarly, Hagos et al. (2008) argued that small-scale irrigation is
a viable option for promoting a market-oriented production system in Ethiopia, as environmental
risks, such as rainfall variability, are among the main reasons that trap farmers in the production of
low-risk/low-return food grains. High-value crops, such as horticultural crops, are expected to have
the highest long-term economic potential (Hagos et al., 2016). Carletto et al. (2011), Euler et al. (2017),
and Meng et al. (2020) show cash crops raise household income and living standards.



(2021), they may have better nutritional status even in the absence of irrigation. Alaofe
et al. (2016) relied on a few sample sizes taken from four villages, which limits the
generalizability of their findings to other areas.

This study adds to the existing literature by providing information on the impact of
irrigation on diet quality using nationally representative data from Ethiopia. There are
pertinent reasons to focus on Ethiopia for this study. First, food insecurity and
malnutrition are widespread and continue to be among the major public health
problems in the country. Second, the government of Ethiopia (GoE) has given due
attention to developing the agriculture sector by investing in irrigation infrastructure.

In the country, the area of land covered by irrigation exceedsyyanus Kwaku Afesorgbor
in 2015, and the GoE allocated a substantial amount of the nat

2025-11-19 07:55:13
this coverage to 4.14 million hectares by the end of 2020 (N

impacts of irrigation schemes on the welfare status of f
contribute to charting sound policies for future irrigation devel

whether irrigation can be considered a viable instrument to er]
for Ethiopia and beyond.

\What is the percentage of arable land
that is irrigated? This will provide a
more interesting view point?

The remaining sections of the paper are organized as folloy

conceptual framework that indicates the possible pathways—trroug—wren
irrigation can affect nutrition. Section 3 provides information about the data used in
this research and the techniques applied to address the objective of the study. Section
4 presents and discusses the results obtained from different models, and the last
section presents conclusions and recommendations.

2. Conceptual Framework

Good health is a function of good nutrition, and good nutrition relies on agriculture
(Thomas et al., 2015). Accordingly, several studies have been carried out to
comprehend the impact of improved agricultural practices and new technologies on
nutrition security. Out of them, this section reviews those studies that enable us to
construct a conceptual framework that explores the possible pathways by which
irrigation can affect nutritional outcomes.

5> During the period, the total government budget was estimated to be 2.3 trillion Ethiopian Birr (ETB), with
ETB 1.3 trillion allocated for capital investment. The infrastructure sector accounted for approximately
48.4 percent of the total capital investment, with 21.6 percent going to irrigation and energy (NPC, 2016).
According to the most recent estimates, the country's irrigated agricultural area covers 3.07 million
hectares.



Impact of Irrigation on Nutritional Security through Own Production

Irrigation improves the availability and accessibility of food by improving farm
productivity, encouraging the adoption of agricultural innovations, enabling portfolio
diversification, and increasing cropping seasons per year. For instance, the meta-
analyses carried out by Du et al. (2018) and Zheng et al. (2019) documented that
irrigation can increase crop yield by 19.3% and 30.5%, respectively. Colli (1992) and
Rathore et al. (2017) also highlight the role of irrigation in improving agricultural
productivity. However, Makombe et al. (2007) found rain-fed farms in Ethiopia to be
more technically efficient than irrigated plots. Gebregziabher et al. (2012) also found a
similar result, but they re-estimated separate production frontiers for irrigated and
non-irrigated fields and showed that the frontier for irrigated plots is higher than that
of rain-fed plots, although the latter are more technically efficient.

Irrigation can also increase food production by boosting farmers’ confidence in
adopting productivity-enhancing agricultural technologies. Agricultural technologies
are usually adopted jointly as complements or supplements. Similarly, irrigation can
encourage farmers to adopt productivity-enhancing technologies, such as improved
varieties and agrochemicals (Launio et al., 2018; Gebregziabher & Holden, 2011;
Abdoulaye and Sanders, 2005). Numerous studies, including Teklewold et al. (2013)
and Manda et al. (2016), show that adopting multiple technologies provides a higher
yield gain than adopting technologies in isolation.

Irrigation can also empower farmers to produce crops multiple times per year and
enables crop diversification by increasing cropping intensity (Buisson &
Balasubramanya, 2019). This production diversification helps to improve diet
diversity (Thomas et al., 2015; Doménech, 2015; Tesfaye & Tirivayi, 2020). It also
gives confidence to farmers to switch from low-risk/low-return subsistence
farming to cash crops, including high-value and water-intensive crops (Hussain and
Hanjra, 2004; Kafle et al., 2021 and Hagos et al., 2009).

Irrigation can also enable farmers to diversify their portfolios, even by
incorporating livestock production, since the accessibility of water supports fodder
production and supplies drinking water for livestock. This will, in turn, increase the
availability of animal source foods, which significantly improves diet quality
(Rawlins et al., 2014).

Impact of Irrigation on Nutritional Security through Market Participation

Improved agricultural productivity, a move to high-value crops, and the potential
to produce more than once a year are all expected to boost irrigation



users' earnings. Li et al. (2020), Gebregziabher et al. (2009), Garbero & Songsermsawa
(2018) and Huang et al. (2005) support this argument. Among them, Gebregziabher et
al. (2009) from Ethiopia show that non-irrigatingousetolds have less than half the
income of irrigating households. This improvement in farm income is expected to boost
the ability to access food. For instance, Ogutu et al. (2017) showed that the market
participation of smallholder farmers significantly increases the consumption of food
purchased without reducing the amount of nutrients consumed from their production.
The role of irrigation on diet quality by improving farm income was also discussed by
Passarelli et al. (2018).

Impact of Irrigation on Nutritional Security through Gender
Empowerment

As fetching water is mainly the responsibility of women and children in most rural
areas, the availability of water due to irrigation can reduce the work burden on
women (Domeénech, 2015). Hence, they can allocate more time for food preparation
and sanitation. For example, Ahmed et al. (2017) also showed an inverse association
between time spent fetching water and diet quality. Particularly, if women have
control over the income and the food generated via irrigation, the chance of
improving the diet quality is higher (Upadhyay et al., 2005). However, irrigation may
also encourage household members to devote more time to farming or other off-
farm income-generating activities, potentially altering their time allocation. As a
result, the direction of the effects of this mechanism on diet quality is an empirical
question.

Impact of irrigation on nutritional security through health aspects

Better accessibility of water within the household due to irrigation can also result in
better hygiene and sanitation practices. As argued by Van Der Hoek et al. (2002), the
accessibility of water might be much more important in rural areas than the quality of
water for health.

However, to realize all the benefits of irrigation listed above, there must be a regular
water supply and proper management. If appropriate management practices are not
put in place, they may cause harmful effects on health and the environment. In
addition, there must be institutional support, such as extension, credit, and market
information, for farmers. Empirical findings (e.g., Wang, 2010; Alcon et al., 2011) also
indicated that socioeconomic variables such as family size, off-farm activity, risk
preference, education and age of the household head, farm size, and land tenure affect
the decision of farmers to use irrigation. Based on the above empirical reviews, Fig.1
outlines the pathway and intermediaries through which irrigation can affect nutrition

security. Sylvanus Kwaku Afesorgbor
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will be good.

It will be important to provide a brief
description of the Figure 1. One or two
paragraphs describing the pathways




3. Research Methodology

The Data

This research uses the comprehensive and nationally representative Ethiopian
Socioeconomic Survey, which was administered by the Living Standards Measurement
Study-Integrated Surveys of the World Bank in 2013/2014. The survey produced rich
data at the household, plot, and village levels by covering 433 enumeration areas (EAs)
across all regional states of the country.® The sample respondents were selected using
a two-stage probability sample. In the first stage, EAs were selected using simple
random sampling. The location of EAs in the country is indicated in Fig.2. This stage
was followed by the selection of households to be interviewed from each EA.” This

study uses data collected from rural EA. Sylvanus Kwaku Afesorgbor

Indicator of Household Nutrition 2025-11-18 11:47-52

This study uses household Diet Diversity Scores (DDS) as an ind

It is believed that increasing the variety of foods across and wit
adequate intake of essential nutrients and promotes good h
shown that diet diversification is positively correlated with 1
macro-and micronutrients) and dietary quality (Moursi et al.
health ou.tcomes, including birth weight (Rao et al. 2.001.) DS should be defined immediately
status (Arimond & Ruel, 2004). A recent study from Ethiopia b the term was used. and not in the next
also found DDS to be a strong predictor of nutrient adequacy.|paragraph.

Sylvanus Kwaku Afesorgbor

2025-11-18 11:49:59

Dietary diversity is usually measured by summing the nur

groups consumed over a reference period, and this period‘astarnyrarges—rror—=
to 7 days. This study calculates DDS based on a 7-day food consumption recalls of
12 food groups of the FAO guideline, which comprise "vegetables; white tubers and
roots; cereals; legumes; nuts and seeds; fruits; oils and fats; meat; fish and fish
products; milk and dairy products; eggs; sweets and sugars; condiments, spices,
and beverages".

% The survey did not cover the nonsedentary population of three zones of Afar and six zones of Somali

regional states.

7 Detailed information on sampling procedure, data collection instrument, the types of data collected
and related information can be accessed at

http://microdata.worldbank.org/index.php/catalog/2783
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Method of Data Analysis Sylvanus Kwaku Afesorgbor
Estimating the impact of irrigation on DDS 2025-11-18 11:51:22

The relationship between irrigation use and its impact on n{

modelled, along with a vector of other explanatory v3

coefficients (), as follows: This should rather be defined as

Dat A 1 ki)

Empirical model rather than”Method of

Ni = /Yl Y+ QJI + &i Sylvanus Kwaku Afesorgbor

2025-11-18 11:59:40

where N, stands for the outcome variables, [, denotes a
indicating whether the farmer uses irrigation or not and ¢,

random error term. Hence, the impact of irrigation on the out{parameter.
equal to Q if users and nonusers were randomly assigne

Must be consistent in the order of
arranging the variable and the

nonusers may not be randomly distributed between the twé—greus ple,
irrigation users and nonusers may differ based on their wealth status (Passarelli et al.
2018 and Kafle et al. 2021), physical and human capital endowments (Koundouri et al.
2006; Hunecke et al. 2017), or risk-taking behavior (Torkamani & Shajari 2008). In this
case, the mean value of the outcome indicators of the two groups differed even in the
absence of the treatment (i.e., irrigation). Hence, this initial bias has to be solved. As
selection bias may arise due to systematic differences in terms of both observable and
unobservable characteristics, this study adopted the endogenous switching regression
model (ESR) to control for these heterogeneities.

The implementation of the ESR framework involves two stages. In the first stage,
the selection equation that shows the decision to use irrigation is modelled. This
stage can be specified as follows:

i =X B+e&iwith [+ lelf I">0 2)

|0 otherwise

where ["is the latent variable for the decision to use irrigation, /;is its

observable counterpart®, and X; are vectors of observed characteristics
determining farmers' decisions to use irrigation. X; includes household,
community, and environmental factors. As environmental factors, drought index
and soil fertility indicators are included. The drought index is measured using the
standardized precipitation evapotranspiration index (SPEI), and

8In this study, a household is considered as an irrigation user if irrigation is used for agricultural activities
in one of the plots operated by the farmer. Table 10 provides a list of crop items produced using
irrigation
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soil fertility is proxied by the availability of soil nutrients.’Controlling for soil fertility
helps to account for whether farmers residing in areas that are more suitable for
irrigation are cultivating higher value crops given better land quality.

In the second stage of the ESR framework, two outcome regression equations faced
by the farmers—to use irrigation (Regime 1) and not to use (Regime 2)—conditional
on adoption are estimated. The equations can be expressed as:

Regimel (user) : D,= olJ;+e, if I, =1(3a)
Regime 2(nonuser) : D, =a,J, +e, ifL=0 (3b)

where Djis the outcome variable (diet diversity score) in each regime, Jirepresents
a vector of exogenous variables expected to affect the outcome variable, and e; are
random errors. The error terms given under this framework are assumed to have a
trivariate normal distribution, with zero mean and a nonsingular covariance matrix,
which can be expressed as:

(c? .o )

elu

el
COV(€1i7eZi|,Ui):| . 0% oeu

| > |
L : . o,

o’ represents the variance of the error term in the selection equation (adoption of

where
irrigation, for this case), and O'zlandO'2 are the variances 02f the
e e.

error terms in the outcome functions (DDS equation). Correspondingly, & ,,, and o,

represent the covariance of uie;; and uiey (Khonje et al. 2015).The expected values of
eiiand ey conditional on the sample selection are given by:

Ele; |, :1]:01—(p(ﬂXi):O_e1u Ay (4)
< D(fy)
eyl =01=c 280 __ 5 2, 5)

e2u 1— (D(ﬂxl) —Yeau "N

where @ (.) stands for the standard normal probability density function, ®(.) is the
standard normal cumulative density function, and A,; and A,, represent the inverse
Mills ratio calculated from the selection equation (Asfaw et al., 2012).

9 SPEI is accessed from https://spei.csic.es/ and availability of soil nutrients is obtained from

12


https://spei.csic.es/

https://webarchive.iiasa.ac.at/Research/LUC/External-World-soil-database/HTML/

13


https://webarchive.iiasa.ac.at/Research/LUC/External-World-soil-database/HTML/

The average treatment effect on the treated (ATT) and the untreated (ATU) can be
estimated from the above framework by comparing the expected values of the
outcomes of users and nonusers in actual and counterfactual scenarios. Accordingly,
ATT is computed as the difference between the expected outcome of irrigation users
and the counterfactual case that they did not use, whereas ATU is computed as the
difference between the expected outcome of nonusers and the counterfactual case
that is the expected value of the outcome indicator if they decided to use irrigation.

For the endogenous switching models to be identified, it is important to include a
selection instrument. Accordingly, ‘the slope of the plot’ is chosen as a selection
instrument by conducting a falsification test following Di Falco et al. (2011). The test
result, which is presented in Table A5, indicates that the selected instrument is a
viable instrument as it is strongly correlated with the decision to use irrigation, and it
is found not to be correlated with the outcome variable for the nonusers. Because
the Ethiopian land tenure law prohibits landholders from selling agricultural land,
selection bias is negligible.

Farmers’ decision to use irrigation is significantly influenced by the slope of the plot
(Pokhrel et al., 2018). Walker (1989) also listed the slope of the field and its uniformity
as the most important determinants for using irrigation. As the slope of the plot
affects the water distribution, steeper fields require additional energy (and cost) to
move water across areas in the plot. Depending on the direction of the water source,
irrigation can also induce erosion and affect water use efficiency. Hence, the slope of
the plot can affect farmers' decisions to use irrigation. However, the instrumental
variable is not irrefutable. It is possible, for example, that slope would affect
agricultural production through other avenues, so the findings of the study should be
interpreted with this caveat in mind.

3.1.1. Exploring the mechanisms

After evaluating the impacts of irrigation on diet quality, the study explores the
impact pathways outlined in the preceding section, depending on data availability.
The most common technique for examining impact mechanisms in existing studies
is to examine the relationship between the proposed mechanisms and the
independent variable. In this strategy, a variable is considered to have some
mediation effects if the independent variable substantially predicts the expected
mediator. However, Acharya et al. (2016) illustrate that this technique might lead to
biased estimates and propose a strategy that treats the problem as a system of
equations. In line with this, recent studies, including Pace et al. (2022), Passarelli et
al. (2018), and Cockx et al. (2018), explored impact pathways by solving structural
equations. As

14



both techniques have their own strengths, this study combines the two
approaches. Specifically, the study combines the propensity matching score
technique (PSM) with Stata's 'medsem’ package that solves systems of equations
to explore the possible mechanisms.

PSM helps to adjust for initial differences between the two groups by matching
each irrigation user to nonusers based on similar observable characteristics
(Rosenbaum & Rubin, 1983). Therefore, the first step in PSM is to predict the
propensity scores for each observation using characteristics that are not affected
by the treatment variable. This stage is followed by imposing the common support
region and the identification of an appropriate matching estimator. The fourth
step is checking for matching quality, and if the matching quality is satisfied, the
average treatment effect on the treated (ATT) can be specified as the mean
difference in the outcome indicator of the irrigation users matched with nonusers
who are balanced on the propensity scores and fall within the region of common
support and can be expressed as:

E[y()1=1]t£[v(0)1=0]+ o+ E[v(o)r=1]-£[r(0)r=0]  (6)

where T ATT is the treatment effect on the treated, Y is the outcome indicator (DDS),
and lis a dummy variable that indicates whether the household has used irrigation or
not. Both terms on the left-hand side are observable, and

ATT can be identified if and only if E[Y (0) | I =1] -E[Y (0) | /=0] =0. when

there is no self-selection bias.

The other technique used to identify the mediators is solving the system
equations using Stata’s ‘medsem’ package. Under this approach, a variable must
fulfil certain preconditions to be considered a mediator (Mehmetoglu 2018; Zhao
et al., 2010). After solving the system equation, the independent variable has to have
a significant effect on the mediating variable (X -> M) (for our case, irrigation use has
to have a statistically significant effect on the production of noncereals, for
example). In the second step, the mediating variable has to have a statistically
significant effect on the outcome variable (M ->Y). There will be no mediation effect
if either of the above two conditions is not fulfilled, and there could be ‘some’
mediation if both are fulfilled. Specifically, to have a ‘complete’ mediation effect,
in addition to the above two conditions, Sobel's z-test’® must be statistically
significant, and the

The Sobel z-test determines if an independent variable has an indirect effect on the dependent variable
mediated by another variable. To do so, it tests the hypothesis that there is no statistically significant
difference between the total effect and the direct effects of the independent variable after accounting
for the influence of a potential mediator (Allen, 2017).
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coefficient of the independent variable on the dependent variable must be
statistically insignificant (X->Y); otherwise, there will be partial mediation.
Detailed theoretical and empirical descriptions of the model can be found in
Mehmetoglu (2018) and Zhao et al. (2010).

4., Results and Discussions

Descriptive statistical results of the variables used in the sy yanus Kwaku Afesorgbor

The description and summary statistics of the variables 4,555 11.19 07:56:13
presented in Table Al and Table 1. As indicated in Table 1,
are headed by a male. The average age of the household hg
years, and 38% of them can read and write at least. On av{put sub-heading numbering ,e.g., 4.1.
1.24 hectares of land and 4.7 units of livestock measured ir
(TLU). The average family size, measured in terms of ad
Regarding their access to institutions, 20% of them have accs

them live in the village where there is a weekly market. Grraverage;,trrey travet
approximately 17 km to reach the nearest major road. The result from a simple ttest
implies the difference in terms of some of the characteristics considered in the
study as statistically significant. These variables include location dummy,
demographic characteristics (sex and family size), wealth status (livestock and land
size), and access to the market.

Regarding the outcome variable, the mean DDS is 5.697, which is above the minimum
acceptable diet (four or more food groups). However, 26% of the households reported
consumption below the minimum acceptable diet. As shown in Table A2, there is also
visible heterogeneity between irrigation users and non-users in terms of the
consumption of different food groups. Cereal is widely consumed by both groups, with
more than 97% of non-users and 99% of users reporting intake. The consumption of
beans, beef, and fish is common in non-user households, whereas vegetables, fruits,
and dairy products are common in user households. This is in line with Alaofé et al.
(2016), who showed that irrigation increases the consumption of vegetables and fruits,
and Hagos et al. (2009), who highlighted the prevalence of cereals and pulses in
Ethiopia's rain-fed system.

Regarding the share of irrigation users, 12% of households are irrigation users. Rivers
and ponds are the main sources of irrigation water, as 68% and 7% of irrigation
users cited them as their main source of irrigation water. Among cereal crops,
maize and sorghum are the major crops that use irrigation. The most commonly
irrigated fruits are bananas, lemons, and oranges, while the corresponding crops
from the vegetable groups are kale, onions, and
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tomatoes. Likewise, coffee and chats are the most important irrigation user cash crops.
Tables A3 and A4 summarize crops grown using irrigation and irrigation water sources,
respectively.

Econometric Results
Estimating the impact using the Endogenous Switching Regression

The result of the full information maximum likelihood estimates of the endogenous
switching model is presented in Table A6. The first column presents the coefficient of
the selection equation, and DDS_1 and DDS_0 present DDS equations for irrigation
users and nonusers, respectively."Although identifying the coefficients of the
equations of DDS for irrigation users and nonusers is not the aim of the paper, the
result presented in the table illustrates the presence of heterogeneity in the
determinant of the diet diversity score equation of the two groups. This shows that
estimating the DDS equation using simple regression analysis by incorporating a
dummy variable to indicate irrigation use cannot account for the heterogeneities
between the two groups. In addition, the significance of the estimated coefficients of
the correlation term rho presented in the table implies that the hypothesis of the
absence of selectivity bias is rejected. Indeed, the endogenous switching regression
model is adapted to control for such types of sample selection bias and to account for
heterogeneity that exists between the two groups.

After fitting the ES models, the predicted values of the outcome indicators are used to
estimate the average treatment effect of using irrigation on the treated (ATT) and
untreated (ATU) groups. The results are presented in Table

2. As presented in the table, irrigation increases DDS by an average of 2.14 units for
users. Furthermore, the results also show that if nonusers had adopted irrigation
technology, their DDS would have increased by an average of 0.34. This result is
consistent with the existing knowledge. For example, Mekonnen et al. (2019) and
Baye et al. (2019) show a positive association between households' nutritional status
and irrigation in Ghana and Ethiopia.

Mechanisms

Tables 3 and 4 present the results from the analysis of the mechanisms obtained
from the PSM and system equation-based models, respectively. The study examines
farmers' land allocation decisions, spending on nutritious food items, adoption of
commercial inputs, portfolio diversification, and time

1 The Stata command 'movestay' is used to run the ESR model and a detailed description of the procedure can
be found at Lokshin and Sajaia (2004).
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spent by female household members fetching water as plausible mechanisms.

The result from the PSM technique shows that irrigation increases the probability
of the production of non-cereals and the adoption of commercial inputs. However,
the effects on spending on nutritious food items, livestock size, and time spent by
female household members fetching water are not statistically significant. As
presented in the table, irrigation increases, on average, the probabilities of
producing noncereal crops by approximately 19% compared with their non-
irrigated counterparts. Similarly, it increases the likelihood of production of either
vegetables or fruits by 25 to 29 % compared with their non-user counterparts.
Related works by Alaofé et al. (2016) and Naylor et al. (2011) also show that
irrigation increases the production and consumption of fruits and vegetables in
SSA. Irrigation use also increases the probability of adoption of fertilizer up to nine
percent compared with their non-user counterparts. The complementarity
between irrigation use and the adoption of commercial inputs, such as inorganic
fertilizer, has been documented in previous studies (Gebregziabher & Holden 2011;
Abdoulaye & Sanders, 2005). The adoption of such inputs is expected to enhance
nutritional status (Teklewold et al., 2019). Sensitivity analysis was conducted for all
significant outcome variables, and the results are presented in Tables A7 to A9.

Consistent with the PSM model findings, the result obtained by solving the system
equations also identified the production of noncereal crops and the adoption of new
technologies as possible mechanisms (Table 4). One of the additional features of this
technique is that it also calculates the contributions of the mediators on the total
effects by computing the ratio between the indirect and total effects. For example,
the result shows that approximately 44% of the effects of irrigation on diet diversity
score are mediated by the production of fruits and vegetables, while the share for the
adoption of fertilizer is approximately 13%.

Hence, the results from the two models indicate that the main pathway through
which irrigation affects diet quality is through improving access to nutritious food
items from own production. The importance of own production for household
nutrition status is highlighted by Jones et al. (2014), Sibhatu et al. (2015), and Tesfaye
and Tirivayi (2020). Even though the income generated from irrigation can serve to
improve diet quality by helping farmers purchase essential food items that are not
produced at home, income growth alone may not be sufficient to boost diet quality,
as the translation from income to diet quality depends heavily upon a series of
factors, including women's education and decision-making power (Ogutu &
Qaim, 2019;

18



Holland & Rammohan, 2019). Furthermore, as observed by Von Braun et al. (1989),
there could be cases where malnutrition could be endemic in a given society, and
households may not be aware of their nutritional problems as long as they live a
life comparable to most of their neighborhood. In this case, the additional income
generated through irrigation use may often have little or no impact on improving
diet quality, since households are less aware of their nutritional problems.

5. Conclusion and Recommendation

This paper analysed the impact of irrigation use on diet quality using nationally
representative data from Ethiopia. The study used the ESR model that enables us to
control for both observable and unobservable heterogeneities. The results show that
irrigation significantly and positively affects diet diversity. This implies that irrigation
can be considered a viable instrument to enhance the diet quality and nutritional
status of smallholders. Furthermore, the study also shows that irrigation encourages
farmers to produce nutritionally rich crops such as vegetables and fruits and adopt
productivity-enhancing technologies such as inorganic fertilizer.

The result is interesting for countries like Ethiopia, where malnutrition and
micronutrient deficiencies are major public health problems. As a result,
developing the agriculture sector by investing in irrigation infrastructure can
contribute significantly to reducing malnourishment since the majority of poor
and malnourished households rely on agriculture. Therefore, efforts should be
made to tackle constraints that are impeding the adoption of irrigation
technologies.

The study has the following limitations. First, since DDS is constructed based on the
food consumption data collected at the household level using a 7-day recallmethod,
the study could not account for seasonal fluctuations in food supply and
intrahousehold food allocation. The consumption data of the LSLM survey were
collected between February and April 2014, along with household characteristics
and postharvest agriculture questionnaires. The two months fall between
harvesting and the start of the next planting season. As a result, the data collection
period represents an average between the food surplus season and the period when
stocks are depleted. Second, DDS does not require information on quantities of
foods consumed, as it relies on the list of items consumed. Last, the study also
does not consider the types of irrigation technologies used by farmers.
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Itis worth affirming the need for further research to know more about the impacts
of irrigation on diet quality and nutritional security. In particular, additional
research is needed to explore the impacts of irrigation on the production and
consumption of micronutrients such as zinc, iron, protein, and vitamins, as
deficiencies in these micronutrients are among the major public health problems
in most developing countries, including Ethiopia. In addition, the shift in farmers'
decisions to produce nutritionally rich food varieties can have an implication on
the type and amount of food produced and supplied to the local market. This, in turn,
could affect the availability and affordability of nutritious food items for all,
including landless laborers and urban dwellers. Hence, exploring the spill-over
effects of irrigation on diet quality at the market level could be of interest in the
literature.
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Tables

Table 1: Description statistics of variables used in the analysis

Pooled (n=2,879) Nonuser Users

(n=2,564)  (n=315) Mean Diff
Variables Mean  Std.Dev. Mean Mean
Sex of the head 0.752 0.432 0.784 0.836 -0.052**
Age of the head 46.242 15.324 46.354 46.587 -0.233
Education HH 0.376 0.484 0.375 0.376 -0.001
Access to credit 0.198 0.401 0.216 0.241 -0.025
Livestock ownership 4.764 5.854 4.428 4.997 -0.570*
Drought index 0.027 0.163 0.031 0.006 0.024**
Distance to road 17.067 22.746 15.731 14.141 1.59
Access to market 0.470 0.499 0.492 0.333 0.159***
Land 1.245 1.386 1.226 1.400 -0.174**
Access to agri extension 0.940 0.237 0.940 0.951 -0.011
Family size 4.034 1.924 4.189 4.570 -0.381***
Wealth index -0.925 0.964 -1.001 -0.889 -0.112%**
Chemical fertilizer 0.472 0.499 0.385 0.457 -0.073**
Poor nutrient 0.036 0.187 0.021 0.025 -0.004
Slop of plots 0.784 0.412 0.791 0.841 -0.050**

Note: *** p<0.01, ** p<0.05, * p<0.1
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Table 2: Estimating the impacts of irrigation using endogenous switching regression
model

ATT ATU
Outcome variables
coef se coef se
DDS 2.149*** 0.067 0.339*** 0.025

Note: *** p<0.01
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Table 3: Impact pathways: propensity score matching (PSM)

Produce Noncereal Produce fruitor Spending on Adoption of Livestock size time for fetching
vegetable nutritious food fertilizer water by female

Algorithms ATT S.E. ATT S.E. ATT S.E. ATT S.E. ATT S.E. ATT S.E.

Nearest Neighbor (2) 0.189***  0.026  0.266***  0.039 0.591 6.697 0.09** 0.04 0.545 0.363 0.454 1.368

Nearest Neighbor (3) 0.199***  0.024  0.292***  0.037 1.144 6.602 0.08** 0.038 0.528 0.376 1.298 0.200
Caliper matching

Radius of 0.01 0.198***  0.018  0.295***  0.035 -2.267 6.637 0.067* 0.035 0.277 0.354 1.272 -0.120

Radius of 0.05 0.19***  0.018 0.289** 0.033  -3.214 6.493  0.067** 0.034 0.206 0.342 1.229 0.040
kernel matching

Bandwidth of 0.01 0.199***  0.018  0.294***  0.035 -2.771 6.621 0.06* 0.035 0.275 0.353 1.267 -0.080

Bandwidth of 0.05 0.194***  0.017  0.291***  0.033  -1.372 6.429 0.07** 0.034 0.195 0.336 1.208 0.120

Note: *** p<0.01, ** p<0.05, * p<0.1

30



Table 4:Impact pathways: system equations

Pvalue

Mediators STEP 1 STEP 2 (M -> Decision

(X->Mm) Y) Sobel-test Share
Produce Noncereal 0.000 0.004 0.026 Complete mediation 9.8
Produce fruit or vegetable 0.000 0.000 0.000 Complete mediation 44.4
Spending on nutritious items 0.352 0.000 0.352 No mediation -
Adoption of fertilizer 0.013 0.000 0.024 Complete mediation 13.0
Livestock size (TLU) 0.072 0.000 0.087 No mediation -
Time for fetching water by female 0.530 0.006 0.541 No mediation -
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Figure 1: Conceptual framework of the linkages between irrigation and nutrition outcomes
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Figure 2: Locations of the enumeration areas in the country
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Appendix

Table A 1: Definition and summary of variables used for this study

Variable

Definition

Sex of the head

Age of the head
Education HH
Access to credit
Livestock ownership
Drought index
Distance to road

Access to market

Land

Access to Agri extensio

Family size

Wealth index

Chemical fertilizer
Poor nutrient

Slop of plots

1 if the household head is male; 0 otherwise. Number of

years the household head lived

1 if the household head can read and write; 0 otherwise. 1 if the

household accessed credit; 0 otherwise

size of livestock owned in tropical livestock unit

1 if village level SPEI index is less than -1; 0 otherwise Distance to

the nearest Major Road in km

1 if the household leaves in the community where there is a weekly market; 0 otherwise

size of cultivated land in hectare

n 1 if the household leaves in the community where there is an extension worker;

0 otherwise

Number of household members in the adult equivalent

An index computed as the score along the first principal component of a principal

component analysis applied to households’ assets

1 if the household uses chemical fertilizer; 0 otherwise

1 if the agricultural soil nutrients availability is a severe constraint

1if at least one of the plots is flat; 0 otherwise
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Table A 2: Proportion of households that consumed each food group

Food Group Nonusers Users Mean Diff
Cereals 0.972 0.994 -0.022**
Beans 0.676 0.505 0.171***
Vegetables 0.473 0.502 -0.028
Fruits 0.203 0.257 -0.054**
Meat/poultry 0.206 0.162 0.044*
Egg 0.129 0.121 0.008
Fish 0.018 0.003 0.015*
Oil 0.802 0.838 -0.036
Dairy products 0.386 0.54 -0.154%**
condiments 0.96 0.971 -0.012
Roots 0.427 0.39 0.037
Sweet/sugar 0.436 0.616 -0.180***

Note: *** p<0.01, ** p<0.05, * p<0.1

Table A 3: List of crop items produced using irrigation

Crop Percent Crop Percent Crop Percent Crop Percent
Barley 0.59 Cabbage 0.37 Ground Nuts  0.37 Coffee 6.83
Maize 12.34 Carrot 0.07 Rape Seed 0.07 Cotton 0.07
Millet 0.07 Garlic 0.81 Sesame 0.15 Enset 191
Oats 0.07 Kale 1.69 Sunflower 0.07 Gesho 2.28
Rice 0.07 Lettuce 0.15 Black Pepper 0.07 Sugar Cane 2.87
Sorghum 14.03 Onion 11 Red Pepper 0.37 Rue 0.15
Teff 331 Green Pepper 0.88 Apples 0.07 Gishita 0.07
Wheat 14 Potatoes 0.88 Bananas 492 Avocados 1.47
Cassava 11 Pumpkins 0.51 Lemons 2.87 Amboshika 0.29
Chick Peas 0.07 Sweet Potato 2.2 Mandarins 0.44 Comtatie 0.22
Haricot Beans 1.47 Tomatoes 1.76 Mangos 4.7 Other Fruits 2.57
Horse Beans 0.29 Godere 0.51 Beer Root 0.15 Other Spices  0.07
Oranges 2.87 Lentils 0.07 Guava 1.69 Other Pulses  0.15
Papaya 1.54 Field Peas 0.15 Spinach 0.22 Other Cereal 0.07
Citron 0.15 Cactus 0.29 Chat 13.96
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Table A 4: The source of water used for irrigation

The source of water used for irrigation Percent
River 68.58
Lake 191
Pond 7.22
Harvested Water 1.27
Borehole 7.11
Piped water 0.96
Protected Borehole 0.21
Water Harvested 042
from nothing 0.21
Spring 1.06
stand piped water 0.53

Table A 5: Falsification test for instrument

VARIABLES Irrigation DDS
The slope of the plots 0.239** -0.051
(0.102) (0.086)
Constant -1.034** 5.298***
(0.459) (0.530)
Other controls Yes Yes
Observations 2,557 2,259

Robust standard errors in parentheses; note:*** p<0.01, ** p<0.05
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Table A 6: Maximum likelihood estimates of the endogenous switching regression model

VARIABLES DDS_1 DDS_0 Irrigation
Sex of the head -0.053 0.092 0.064
-0.247 -0.098 -0.102
Age of the head -0.006 -0.032* 0.011
-0.046 -0.017 -0.016
Education HH 0.670*** 0.428*** -0.03
-0.211 -0.08 -0.078
Access to credit 0.01 -0.025 -0.016
-0.245 -0.095 -0.09
Livestock ownership 0.029 0.029*** 0
-0.02 -0.007 -0.005
Distance to road -0.006 -0.004 0.001
-0.004 -0.002 -0.002
Access to market 0.537** 0.047 -0.200***
-0.234 -0.075 -0.073
Land 0.109 0.034 0.046*
-0.084 -0.031 -0.026
Access to Agri extension -0.061 0.167 0.309*
-0.468 -0.16 -0.182
Family size 0.102* 0.060*** 0.018
-0.061 -0.023 -0.022
Wealth index 0.396*** 0.508*** 0.026
-0.113 -0.043 -0.042
Chemical fertilizer 0.353 0.244*** 0.191**
-0.226 -0.082 -0.082
Poor nutrient 1.461%* 0.029 -0.068
-0.618 -0.222 -0.249
Drought index -0.143 1.013*** -1.166%**
-0.667 -0.298 -0.445
Slop of plots 0.213**
-0.102
Region dummies Yes Yes Yes
sigma 0.361%** 0.522%**
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-0.03 -0.036

rho -0.064 -0.720**
-0.322 -0.344
Constant 4.420%** 4.494%** -0.521
-1.184 -0.602 -0.494
Wald test of indep. eqns.: chi?(1)= 4.46Prob > chi2 =0.0348

Robust standard errors in parentheses; note:*** p<0.01, ** p<0.05, * p<0.1

Table A 7: Sensitivity analysis for noncereals

Gamma sig+ sig- t-hat+ t-hat- Cl+ Cl-
1 0 0 1 1 1 1
1.25 0 0 1 1 1 1
15 0 0 1 1 1 1
1.75 0 0 1 1 1 1
2 0 0 1 1 1 1

Note: “gamma= log odds of differential assignment due to unobserved factors;sig+= upper bound significance level, sig- -
lower bound significance level; t-hat+ - upper bound Hodges—Lehmann point estimate;t-hat- - lower bound Hodges—
Lehmann point estimate; Cl+ - upper bound confidence interval (a=.95); CI- - Cl- -lower bound confidence interval (a=.95)

Table A 8: Sensitivity analysis for fruits and vegetables

Gamma sig+ sig- t-hat+ t-hat- Cl+ Cl-
1 0 0 0.5 0.5 0.5 0.5
1.25 0 0 0.5 0.5 0.5 0.5
15 0 0 0.5 0.5 0.5 0.5
1.75 0 0 0.5 0.5 0.5 0.5

2 0 0 -4.00E-07 0.5 -4.00E-07 0.5

See the note under Table A7.
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Table A 9: Sensitivity analysis for inorganic fertilizer

Gamma sig+ sig- t-hat+ t-hat- Cl+ Cl-
1 0 0 0.5 0.5 0.5 0.5
1.25 0 0 0.5 0.5 0.5 0.5
15 0 0 0.5 0.5 0.5 0.5
1.75 0 0 0.5 0.5 0.5 0.5

2 0 0 0.5 0.5 0.5 0.5

See the note under Table A7.
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