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Abstract

This paper applies a combination of quantitative techniques, namely the Generalized
Evaluation Estimator (GEE) and Synthetic Control Method (SCM), to assess the impact
of IMF programs implemented in Sudan on the performance of real GDP growth, inflation,
and the current account balance. The two applied methods provide empirical evidence that
IMF programs in Sudan were effective in reducing inflation during program periods, albeit
with short-lived effects thereafter. However, conclusions drawn by the two approaches are
divergent regarding the effects of IMF programs on GDP growth and the current account
balance. While the GEE approach fails to detect any significant effects of Fund programs
on growth and the current account balance for the entire sample period, the SCM con-
cludes that the effects on growth (current account) have been positive (negative). Further,
the GEE approach finds positive and significant effects of IMF programs on GDP growth
when the analysis is restricted to cover IMF Staff Monitored Program (SMP) periods only.
Notwithstanding these positive effects, the analysis indicates that deliberately keeping in-
flation rates very low during SMP program periods could have possibly constrained higher
rates of GDP growth during the same periods.
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1 Introduction

The effectiveness of programs mandated by the International Monetary Fund (IMF) has been
subjected to intensive research. Particularly, economists have been debating for years whether
IMF programs consistently produce positive economic outcomes or can do more harm than
good. Nevertheless, it is difficult to find a conclusive answer to this seemingly evolving question.
This is due, in part, to the fact that constructing adequate counterfactual to the policies adopted
by a country absent IMF programs is proven technically challenging. At the same time, it is
difficult to disentangle effects induced by IMF programs on economic performance and those
driven by other exogenous factors. That said, this paper attempts to address these technical
challenges in an effort to find a plausibly coherent conclusion on whether the relatively large
number of IMF programs implemented in Sudan have been effective in achieving their desired
macroeconomic outcomes.

For Sudan, finding out whether IMF programs are good or bad for the economy is becoming
particularly important. This is not only because about 40 percent of the years since Sudan’s
independence in 1956 were covered by IMF programs, but also the successful implementation of
an IMF staff Monitored Program (SMP) remains one of the technical requirements of granting
Sudan external debt relief under the Heavily Indebted Poor Countries (HIPC) initiative. More
importantly, securing external debt relief under the HIPC initiative is potentially the only way
to restore debt sustainability and bring the Sudanese economy back on a sustainable path.
In this context, a technically sound and objective evaluation of the impact of IMF programs
in Sudan is considered extremely important for the Sudanese government to decide on future
engagement with the IMF.

The first IMF program implemented in Sudan dated back to FY1966/67 and was prompted,
at the time, by a balance of payments (BOP) crisis that pressured the Sudanese government to
resort to the IMF for financial assistance. Since that year until now, about 25 years of the coun-
try’s life time were mandated by various Fund programs covering a spectrum of macroeconomic
objectives, targets, and structural benchmarks.

As part of IMF programs implemented in Sudan, a total of 11 years covering the period
between 1960s to 1980s, were ordinarily accompanied with both policy advice and financial
assistance. However, the Fund’s financial assistance to Sudan came to a halt in mid-1980,
when the Sudanese government accumulated arrears and failed to repay the IMF’s overdue
financial obligations. In 1987, the relationship between Sudan and the IMF entered a historically
serious phase when the IMF declared Sudan ineligible to Fund resources given the lingering
accumulation of arrears. This escalation continued with Sudan being declared non-cooperative
in 1990 and its voting rights subsequently suspended in 1993. This notwithstanding, in 1997,
the relationship began to reel back with the Sudanese authorities and IMF agreeing on a
Staff Monitored Program (SMP) that aimed primarily to restore macroeconomic stability. The
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implementation of sound macroeconomic policies under four consecutive SMPs between 1997-
2000 contributed to stabilizing the economy and improving the relationship between Sudan and
the Fund, leading to restoration of Sudan’s voting rights in 2000. Since the reinstatement of
its voting rights, Sudan implemented about 10 more SMPs.

This paper intends to fill the gap in the literature on studies that objectively assess the
macroeconomic feasibility of IMF programs implemented in Sudan. To this effect, the study
adopts a combination of quantitative techniques, namely the Generalized Evaluation Estimator
(GEE) and Synthetic Control Method (SCM) that effectively address the problem of con-
structing the counterfactual while accounting for external environment effects. Adopting such
a combination of GEE and SCM techniques is considered a major research contribution since
there have been no attempts to use a similar approach in the existing literature.

The two methods employed in the study provide empirical evidences that Fund programs
implemented in Sudan helped contain inflation during program periods. However, this positive
impact on inflation is found to be short-lived. At the same time, the two approaches provide
different conclusions regarding the impact of IMF programs on real GDP growth and the current
account balance. Particularly, while GDP growth is found to be strengthened during program
periods by the SCM method, the GEE approach fails to detect any significant effects from IMF
programs on the performance of real GDP growth, except for SMP-type programs. Similarly,
the SCM approach points to a large negative impact of Fund programs on the current account
balance as a percent of GDP. However, the GEE model concludes that effects of IMF programs
implemented in Sudan on the current account balance were insignificant for the whole sample
period.

This paper is organized as follows, section two reviews literature on impact evaluation of
IMF programs. Section three provides a historical overview of IMF programs implemented in
Sudan since 1960 while section four undertakes a descriptive analysis of key historical trends
under IMF programs implemented in Sudan. Section five outlines the methodology employed in
this paper to assess the feasibility of IMF programs and section six presents the main findings
of the study based on the GEE and SCM approaches. Section seven concludes.

2 Literature Review

The impact of IMF programs on macroeconomic performance has been subjected to an intense
debate for several years. This has culminated in several studies that aim to evaluate the
economic feasibility of IMF programs and whether they have succeeded in achieving their
intended objectives. However, while most of these studies provide a holistic analysis of IMF
program issues at synthesized country levels, they are limited in terms of their deep coverage
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of individual country issues. Therefore, this study intends to bridge this gap through providing
a more profound coverage of specific country issues pertaining to Sudan.

The increasing importance of the role of the IMF and the expansion of its mandate and
influence during the past decades have spurred the interest in assessing the impact of Fund
programs. This interest has recently moved beyond focusing on the economic impact of IMF
programs to scrutinize social and political effects of these programs. At the same, different
methodologies have been used to evaluate such an impact. Hence, literature on IMF programs
have produced mixed results depending largely on the area of focus, methodology used, time
period, and geographical representation and income levels of countries under study.

The first study by Reichmann and Stillson (1978) adopts the before-after approach1 to
evaluate a et of macroeconomic outcomes of 79 IMF-supported programs across a diversified
group of countries. They conclude that while IMF programs are broadly neutral to the balance
of payment and economic growth, they have mixed effects on inflation depending on whether the
specific programs are accompanied with exchange rate devaluations. Connors (1979) employs
a similar methodology that yields congruent results regarding the effects of Fund programs.
Killick and Bird (1984) compare the macroeconomic performance of 24 countries before and
after implementing Fund programs using non-parametric statistical tests. Contrary to the
previous studies they conclude that the balance of payment and the current account balance
deteriorated during post-program period. Assessing Fund programs implemented in 22 African
economies, Zulu and Nsouli (1985) find that growth rates have been lower in post-program
periods than in pre-program periods.

Despite its simplicity, the before-after approach is, however, criticized for the inability to dis-
tinguish between program and non-program determinants of the macroeconomic performance.
To overcome this shortcoming, Donovan (1981), (1982) control for non-program determinants
by estimating the performance of program countries in the absence of IMF programs using the
observed performance of non-program non-oil developing countries. He concludes that Fund
programs are effective in improving the external position and reducing inflation while their
impact on growth remains insignificant. Applying a similar methodology Gylfason (1987) and
Pastor (1987) replicate the same results, with the exception the effect of IMF programs on
inflation is found negligible.

Most of the early studies on IMF programs have been criticized on econometric grounds.
Particularly, the before-after approach falls short of accounting for exogenous factors that could
affect the economic performance independently from Fund programs. At the same time, the
standard control group approach tends to overlook pre-existing economic conditions in program
countries, which gives rise to the problem of adverse selection bias. Goldstein and Montiel (1986)
address these shortcomings by controlling for differences between initial economic conditions

1The before-after evaluation method involves testing for significant differences between the means of the
targeted variables before and after the program period.
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using a policy reaction function that approximates counterfactual policies following a non-
random selection of program countries. Their approach is known as the Generalized Evaluation
Estimator (GEE) or modified control group approach. Dicks-Mireaux, et al. (2000) apply an
improved version of the GEE model on 61 developing countries undergone IMF structural
adjustment programs and conclude that Fund programs have positive impact on growth and
external debt while their effect on inflation remains insignificant.

Using a dynamic version of the Heckman Selection Model, Przeworski and Vreeland (2000)
find that IMF programs have negative contemporaneous impact on economic growth. Partic-
ularly, growth in countries undertaking Fund programs can improve only after they leave the
program. This result has been confirmed by Atoyan and Conway (2006) who employ a combina-
tion of instrumental variable and matching techniques on a group of transition and developing
countries participated in Fund programs. They also find that IMF programs positively affect
the current account and fiscal performance.

Newiak and Willems (2017) employ the Synthetic Control Method (SCM) to evaluate the
Policy Support Instrument recently introduced by the IMF on the economic performance of
seven low-income African countries. They conclude that while IMF programs were effective
in reducing inflation and increasing growth, they did not appear to influence foreign direct
investment.

A number of studies focus on the political aspects of IMF programs in developing countries
and provide evidence that IMF financial assistance is driven by political factors. These studies
include Barro and Lee (2002); Thacker (1999); Harrigan, et al. (2006); and Reynaud and
Vauday (2008). Further, research also focuses on social and distributional effects of Fund
programs, including Easterly (2003); Garuda (2000); Lang (2016); and Forster et al. (2019).
These studies, however, produce divergent conclusions on the social impact of IMF programs.

Notwithstanding these plethora of studies on assessing Fund programs in general, there have
been limited number of studies that particularly focus on evaluating the impact of IMF programs
implemented in Sudan. In this context, using a combination of the before-after approach and
an econometric model, Bannaga (2004) concludes that home-grown macroeconomic policies
adopted by the Sudanese authorities were more effective than policies pursued under IMF
programs in Sudan. Abdelrahman (1998) argues that Fund programs implemented in Sudan
in early 1980s helped improve the productivity of the agricultural sector, the mainstay of the
economy at the time. These productivity gains, however, had been unsustainable and faded over
time. Concurrently, O’Brien (1985) stresses that the 1970s Fund programs aimed at enhancing
Sudan’s export production had negatively affected the purchasing power, particularly for urban
populations, who had become increasingly vulnerable to drought-induced famines.

This study primarily focuses on assessing the macroeconomic impact of IMF programs
implemented in Sudan during the period 1960 to 2017. Importantly, focusing on a single country
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will help deepen the analysis while providing scope for ensuring parameters’ stability relative
to multiple-country studies. Particularly, cross-country studies usually experience parameters’
instability due to possible institutional and structural differences among countries under study,
specifically low income and developing countries. At the same time, a major contribution of
this study is that it applies a combination of two robust quantitative techniques, namely GEE
and SCM, which has not been combinedly adopted in the existing literature.

3 History of IMF Programs in Sudan

The Sudanese economy has been largely vulnerable to exogenous shocks, including those precip-
itated by severe droughts, political tensions, civil wars, and commodity price shocks, with sig-
nificant implications for growth, productivity, and social development. Since its independence
in 1956 until 1999, the economy depended largely on agricultural production and commodity
exports before the production and exportation of oil in late 1990s. The over-reliance on the
agricultural sector exposed the economy to agricultural and climate related stocks that were
transmitted to fiscal and monetary sectors given the lack of economic and policy buffers.

The vulnerability of the economy to exogenous shocks was particularly evident in the pre-
carious balance of payment (BOP) situation in late 1966, which prompted Sudan to resort to
the IMF for BOP assistance for the first time. In line with the program agreement at the
time, Sudan implemented three successive Fund stabilization programs from late 1966-1969.
Although these programs were generally helpful in improving the country’s external and fiscal
positions during first two years, fiscal deficits widened significantly during the third year of the
stand-by arrangement on account of a substantial increase in the public wage bill with signifi-
cant implications for fiscal finances and overall economic performance (International Monetary
Fund, 1972).

Although the early experience with Fund programs in Sudan was broadly fruitful, these
programs did not address the root causes of economic vulnerabilities in Sudan, including limited
economic diversification and over-dependence on the agriculture. As a result, the Sudanese
economy witnessed further substantial contractions during 1970s and 1980s. Particularly, in
1972 marketing difficulties for cotton, the main export in Sudan at the time, weighed heavily on
economic growth and deepened external and fiscal imbalances. To address elevated internal and
external imbalances, the government resorted to another stand-by arrangement from the Fund
for the period 1972-73 (International Monetary Fund, 1972). As part of the conditionality of
these arrangements, the government expenditures and credit growth were markedly restrained,
which had crippled economic growth with possibly negative effects on socio-economic indicators.

Further, the next IMF’s stand-by arrangements to Sudan took place in 1978-80 and aimed
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primarily to strengthen growth, stabilize high inflation, and improve the balance of payment
following years of economic deterioration driven largely by cotton supply shocks. However,
these arrangements did not achieve the intended economic outcomes on the back of adverse
developments in international markets and structural capacity constraints (International Mon-
etary Fund, 1982). These series of Fund programs in Sudan were particularly important because
they witnessed the abundance of the long-established fixed exchange rate regime and adoption
of a flexible regime based the Fund’s advice in 1978.

The main objective of the subsequent IMF stand-by arrangements in 1982-84 was to strengthen
the balance of payment position through encouraging exports and curbing imports while re-
channelling remittances of the Sudanese working abroad to official foreign exchange markets
away from the parallel markets for exchange rates. These arrangements were broadly successful
in attaining their main objective, particularly it helped to narrow the current account deficit
in 1983. However, economic growth and the current account deficit subsequently deteriorated
in 1984 following the severe droughts that hit Sudan during that year. Interestingly, the year
1984 marked the last arrangement with financial assistance from the Fund as Sudan continued
to accumulate arrears to the Fund and other international financial institutions (IFIs) since
that year. According to the IMF’s lending into arrears policy (LIA), the Fund cannot lend to
Sudan provided that it accumulates arrears to the IMF and other IFIs.

Although the Fund cannot lend to Sudan, the LIA policy allows the Fund to provide techni-
cal assistance and engage in non-financing programs, such as Staff Monitored Programs (SMPs).
That said, the Sudanese government successfully implemented thirteen SMPs during the period
1997-2009. These SMPs broadly targeted stabilizing inflation, improving the external sector
position, and supporting growth with various degree of emphasis on each objective during the
program period. Looking at data, we find that GDP growth, inflation rates, and the current
account balance generally improved during the SMP periods in line with the envisaged program
objectives, as indicated in Figure 1. The successful implementation of SMPs, however, did not
resolve Sudan’s long overdue debt relief issue, which was blocked by the presence of Sudan in
the US list of State Sponsors of Terrorism since 1993 (International Monetary Fund, 2017).
In 2014, the Sudanese government implemented another SMP that prioritized stabilizing the
economy after the secession of South Sudan in 2011. Nevertheless, the program had not been
completed due the non-observance of a prior action on exchange rate devaluation despite the
satisfactory performance in almost all other performance criteria and structural benchmarks.
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Figure 1: Real GDP Growth, Inflation, and the Current Account Balance in Sudan2

4 Descriptive Analysis of Trends under IMF Programs

This section focuses on analyzing the trends of the key macroeconomic variables commonly
targeted under IMF programs in Sudan as well as the main policy variables used to achieve

2For the rest of the figures in the paper, gray shaded areas correspond to IMF program periods.
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these targets. In line with the previous studies on evaluating Fund programs, key targeted
variables examined in this paper are GDP growth, inflation, and the current account balance.
Focusing on these particular macroeconomic variables helps compare the study’s findings with
the outcomes of the existing literature. In the same vein, the main policy instruments considered
in this section are exchange rate, budget balance, and growth of the money supply, which are
found to be the most commonly policy tools used to achieve objectives under IMF programs
implemented in Sudan. The methodology section will, however, provide further details on
policy instruments employed by the Sudanese authorities absent Fund programs.

The next subsection provides brief information on the main sources of data used in the study
while the subsequent subsections delve into the analysis of general trends of key macroeconomic
variables under Fund programs.

4.1 Sources of Data

The time-series data on key macroeconomic indicators in Sudan from 1960-2017 is derived from
the IMF World Economic Outlook (WEO) Database. Other data sources include the World
Bank Development Indicators Data-bank, Government of Sudan’s official reports, and Archives
of the IMF Executive Board, which are used to complement the data collected from the WEO
database. In addition, panel data on developing countries used to construct the synthetic
control group is obtained from the World Bank Development Indicators Data-bank.

4.2 Exchange Rate

Figure 2 below shows that IMF program periods in Sudan witnessed a number of exchange
rate devaluations. The study uses the 25 percent threshold applied by Franke and Rose (1996)
to single out exchange rate devaluation episodes in Sudan during the study period. To this
end, the paper identifies about 8 devaluations that took place during IMF programs between
1960 and 2017. Interestingly, the first ever devaluation of the Sudanese pound against the
U.S. dollar implemented in June 1978 was inspired by an IMF program that primarily aimed
at restructuring the cost in the agricultural sector, pursuing fiscal consolidation, tightening
monetary policy, and limiting external borrowing. Particularly, the adjustment of the exchange
rate was one of the requirements of the credit tranche purchase of the 1978/79 IMF program
(International Monetary Fund, 1979). Subsequently, exchange rate devaluations continued at
different magnitudes in the following Fund programs, particularly in the context of IMF stand-
by arrangement during 1980s.

In this connection, using a vector auto-regressive (VAR) analysis, the study finds that
exchange rate devaluations tend to cause a persistent increase in inflation and reduction in real
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GDP growth that washes out over the medium term as indicated in impulse response analysis
in Appendix 6. This result confirms the high economic cost of exchange rate devaluations in
developing countries proved by Frankel (2005). However, this finding alone cannot be used as
a presumption that IMF programs implemented in Sudan have been harmful to the economy
given that about 10 exchange rate devaluations also took place during non-program periods.
Accordingly, a more inclusive approach is needed to evaluate the overall macroeconomic impact
of Fund programs. To this effect, the study applies a combination of quantitative technique to
provide a more comprehensive evaluation of the effectiveness of Fund programs, which will be
further illustrated in the methodology section of the study.

Figure 2 below depicts developments in official exchange rates in Sudan between 1960-2017.

Figure 2: Exchange Rate Developments (1960 - 2017)

4.3 Budget Deficit and Money Supply

In addition to exchange rate devaluations, the most commonly used policy measures under
Fund programs are found to be fiscal consolidation and tightening monetary aggregates, (Bird,
1996) and (Forster, et al., 2019). Looking at the data, we find that the growth of the money
supply was relatively tamed during IMF programs relative to non-program period. In parallel,
the budget deficit as percentage of GDP showed notable improvement reflecting consolidation
efforts during IMF programs relative to non-program periods, as indicated by Figure 3.
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In this respect, the average growth of the money supply was 25.3 percent during Fund pro-
gram periods between 1960-2017 compared to 32.4 percent during non-program periods. Using
T-Test for equality of means, the study finds that the mean of the growth in the money supply
under Fund programs is significantly lower than the average growth during non-program peri-
ods. In the same way, the average budget deficit as percentage of GDP during program periods
was 4.3 percent compared to 5.5 during non-program periods. However, the difference between
the means of the budget deficit during program and non-program periods was insignificant.

Figure 3: Developments of the Budget Deficit and Monetary Growth in Sudan
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4.4 GDP Growth, Inflation, and the Current Account Balance

Table 1: Average GDP Growth, Inflation, and the Current Account Balance during IMF Pro-
gram and Non-Program Periods

* ** *** denote that using T-Test, the mean during Fund programs is significantly different than the mean
during non-program periods at 0.1, 0.05, and 0.01, respectively.

As indicated in the results of the T-Test for equality of the means in Table 1, the average of
the inflation rates and current account deficits were significantly lower during IMF programs in
Sudan than in non-program periods for the entire sample of the study. Conversely, IMF program
periods exhibited a weaker GDP growth on average relative to non-program periods. However,
the difference between average GDP growth rates during program and non-program periods
was insignificant. Comparing the economic performance during post program periods and non-
program periods yielded similar results for real GDP growth and the current account deficit.
On the other hand, although post-program inflation was lower than non-program inflation, the
difference between the two rates was insignificant.

Interestingly, real GDP growth during stand-by IMF arrangements was significantly lower
than growth rates during SMP periods. However, the difference between the means of GDP
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growth during post stand-by arrangements and SMPs was insignificant. Equally important,
the average inflation rate was significantly lower during both SMPs and post SMPs than in
stand-by and post stand-by Fund arrangements. Further, while the average current account
deficit post program periods was significantly narrower than during non-program periods, the
analysis failed to detect any significant differences between the performance of the current
account during stand-by arrangements and SMP programs.

Based on the results of the T-Test for equality of means, IMF programs appeared to have a
significant positive impact on inflation and the current account balance for the entire sample.
The effect of Fund programs on GDP growth though positive, it was insignificant. Nevertheless,
the performance of real GDP growth under SMPs was significantly better than under IMF
stand-by arrangements. At the same time, average inflation and the current account deficit
were lower during post-SMPs compared to post stand-by arrangement.

Although the tests for equality of means provide good insights about the impact of Fund
programs on growth, inflation, and the current account, they do not take into consideration
the performance of these macroeconomic variables in the absence of IMF programs or what is
known as the counterfactual. Particularly, they do not account for changes in the economic
performance for reasons other than Fund programs by assuming that external environment
remains constant (Khan, 1988), (Bird, 1996), (Ul Haque and Khan, 1998). Therefore, the
next section explores other quantitative methods, namely the Generalized Evaluation Estimator
(GEE) and Synthetic Control Method (SCM), to further evaluate the impact of Fund programs
on the Sudanese economy. These methods are considered superior to the tests for equality of
the means as they take into consideration the effects of the external environment.

5 Methodology

This paper adopts two approaches to quantitatively evaluate the macroeconomic impact of
IMF programs implemented in Sudan during the period 1960-2017. These two methods are
the Generalized Evaluation Estimator (GEE) and Synthetic Control Method (SCM). Adopting
more than one method would help compare results while providing more scope to solidify
the final outcomes of the research, particularly in cases where the two approaches produce
comparable results.

5.1 Generalized Evaluation Estimator (GEE)

The GEE approach employed in this paper draws on the model developed by Goldstein and
Montiel (1986), which originally adapts techniques used for evaluating effectiveness of labor
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training. It also builds on subsequent developments by Dicks-Mireaux, Mecagni, and Schadler
(2000). This method is basically geared towards assessing whether Fund programs imple-
mented in Sudan during the research period had been successful in improving macroeconomic
performance. Specifically, it measures the impact of Fund programs on the outcomes of three
macroeconomic variables, economic growth, the current account balance, and inflation using
time-series data covering the period from 1960 to 2017. These three variables exemplify the
main macroeconomic objectives targeted by IMF programs. For most Fund program periods,
stabilizing the economy, improving the external position, and boosting economic growth were
among the main aspirations. While the selection of these three variables facilitates compar-
isons with earlier studies, the availability of relatively long time-series data for these particular
variables is considered an additional advantage that merits their selection.

The GEE model assumes that the performance of the targeted macroeconomic variables is
a function of four components, namely (i) changes in macroeconomic policies that would be
adopted in the absence of an IMF program or counterfactual, (ii) changes in the external envi-
ronment that influence the outcomes of the targeted variables (iii) the impact of IMF programs
implemented during the program periods, and (iv) an unobservable shocks component.

The general equation of the GEE model can be written as follows:

Yit = α0i + αikxkt + βihght + αIMF
i di + θiSi + εit (1)

Where Yit is the ith target variable at time t, including real GDP growth, inflation, and
the current account balance as a percentage of GDP. xkt denotes a vector of k-elements policy
variables that would be pursued by the Sudanese authorities during non-program years. ght is an
h-element vector of exogenous variables that accounts for the effects of the external environment
on the targeted variables. Export market growth could potentially be the best measure used
to capture the effects of the external environment. However, due to the unavailability of data
on Sudanese export market growth, the study uses the terms of trade as a single exogenous
variable to instill the spillovers from the external environment into the model. The impact
of IMF programs is captured by the dummy variable di that is set to be one during IMF-
program periods and zero otherwise. In this context, the model assumes that the IMF dummy
variable captures the direct effect of Fund programs on the targeted macroeconomic variables
and indirect effects that may influence the macroeconomic performance such as improvement
in the investment sentiment as a result of engagement with the IMF. Further, εit is unserially
correlated error term, while α0i, βihght and θi are vectors of fixed parameters. Si is a dummy
variable that takes the value 1 during the secession of South Sudan and 0 otherwise. The
inclusion of this variable is grounded on the substantial impact of the secession on the Sudanese
economy due to the loss of more than 70 percent of oil production, 90 percent foreign export
proceeds, and more than 50 percent of government revenues. In addition, the study includes

14



a dummy variable in the inflation equation to account for potential structural break in the
year 1996 that witnessed an unprecedentedly high inflation rate due to the extremely high
depreciation in the exchange rate.

The vector of policy variables incorporates counterfactuals to the policies adopted during
IMF program periods. In essence, the model assumes that the Sudanese authorities systemati-
cally adjust policy instruments in the current period in reaction to disequilibrium or deviation
in the target variable from its desired value in the previous period. This policy reaction function
could be written as follows:

∆xkt = δki(y
d
it − yit−1) + ωit (2)

The vector of policy variables ∆xkt consists of growth in the money supply, the budget
deficit as a percentage of GDP, and nominal effective exchange rate. These represent the major
policy instruments used by the authorities to achieve the desired macroeconomic outcomes of
the targeted variables. δki is a parameter that indicates the degree of adjustment of policy
variables to deviation in the target variable in the previous period. For instance, a positive
deviation of actual inflation from target in the previous period would induce the authorities to
tighten monetary policy and pursue fiscal consolidation in the current period to bring inflation
down to the targeted level. The component ∆xkt underpins an important assumption that
captures the policy norm in the absence of Fund programs and provides a good estimate of
program counterfactual. Further, ωit is an error term that is assumed to be uncorrelated with
εit.

Substituting equation (2) in equation (1) and assuming that the desired macroeconomic
outcomes ydit is constant overtime, we derive the following GEE model representation:

∆yit = α0i − (αikδki + 1)yit−1 + αikxkt−1 + βihght + αIMF
i di + θiSi + (εit + αikωit) (3)

Equation (3) represents the basic form of the GEE model applied in this paper. It is
important to note that the GEE model is not a structural macroeconomic model. Instead, its
validity hinges on a set of restrictive assumptions. These assumptions include the perseverance
of the policy objective function over the study period regardless of changes in economic and
political conditions. Another underlying assumption is that the policy reaction function is
captured by the lagged target variables in the model while inertial effects of the lagged target
variables are not considered in the model. At the same time, the stochastic terms εit and
ωit are assumed to be uncorrelated and all shocks are neutralized after one period to avoid
understating the positive impact of Fund programs after a negative exogenous shock to the
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Sudanese economy.

The inclusion of the lagged target variables renders the model capable of capturing the
selection of IMF programs that is usually grounded on the balance of payment needs, given that
the vector of the lagged target variables includes values of the main macroeconomic variables
in the previous period. Therefore, it is important to assume that the program selection is
random to separate IMF program and non-program determinants of the changes in target
variables. This could be done by imposing the restrictive assumption that ∆xkt and ∆εit are
uncorrelated.

5.2 Synthetic Control Method (SCM)

The Synthetic Control Method (SCM) applied in this paper to evaluate the macroeconomic
performance of IMF programs in Sudan is based on the original SCM developed by Abadie and
Gardeazabal (2003) to assess the impact of the conflict in the Basque region during the 1960s
on GDP per capita. It also draws from Abadie, Diamond, and Hainmueller (2010) extension to
the SCM to estimate the effect of the Tobacco Control Program implemented in California in
1988 on tobacco sales. The analogy between assessing the impact of the 1960s conflict in the
Basque region, the Tobacco Control Program, and the feasibility of IMF programs inspires the
application of the same methodology to evaluate the impact of Fund programs on the Sudanese
economy.

Against this background, the SCM applied in this paper assumes that we have J+1 number
of observations, where i = 1, 2, · · ·, J + 1 denotes the number of countries in our sample. Since
we are interested in evaluating the effectiveness of Fund programs in Sudan only, we assume
that Sudan is country i = 1 that implemented an IMF program or "treatment" at time T0.

Now we want to compare the performance of the Sudanese economy with other peer countries
that did not undertake Fund programs or in this case "treatment". To this effect, we form a
controlled pool of countries that remains untreated over the study period. In our case, the
untreated or could also be referred to as "synthetic group" consists of all developing countries
that did not implement any IMF programs during the sample period.

The effect of IMF programs on the treated country, Sudan, could then be estimated using
the following equation:

e1t = Y I
1t − Y N

1t , t ≥ T0 (4)

Where Y I
1t represents the outcome variable understudy during which the intervention takes
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place. In this case, the outcome variables during Fund program periods are real GDP growth,
inflation, and the current account balance as a percentage of GDP. Y N

1t denotes the outcome
variable in the absence of intervention, and e1t is an estimate of the impact of Fund program
on the outcome variable Y. Since Y N

1t is an unobserved counterfactual, the study employs the
SCM to estimate a counterfactual from the controlled group of developing countries that did not
undergo any treatment or IMF programs. Hence, the counterfactual outcome variable absent
intervention could be estimated using the following equation:

Y I
1t = βt + Ziδt + tµi + εit, t ≥ T0 (5)

Where βt is a common factor that has an identical impact on all treated and untreated
countries, Zi represents a vector of covariates or predictors that are used to estimate the outcome
variable for the synthetic group of countries. δt represents a set of unknown parameters, and yt
is a vector that consists of unobserved factors. µi denotes factor loadings, and εit is the error
term that is assumed to have zero means for all countries. Equation (2) is then used to estimate
a linear combination of the counterfactual of the realized outcome variable for the synthetically
controlled group of countries. This could be estimated by the following equation:

Ŷ N
1t = ΣJ+1

i=2 ωiYit, t ≥ T0 (6)

ωi denotes weights assigned in a manner that ensures the outcome variable of the synthetic
control countries closely matches specific features of the treated country prior to the program
period. This could be achieved through selecting a vector of weights ω∗ that minimizes the
difference between the vectorX1 that contains average values of variables of the treated country,
Sudan, prior to IMF program periods and the vector X0 consisting of the same variables of the
control countries, using the following equation:

minw ‖X1 −X0‖ v =
√

(X1 −X0)′V (X1 −X0) (7)

In Equation (7) above, the positive and semi-definite matrix V is elected to minimize the
mean squared error of the outcome variable during the pre-intervention period. At the same
time, Equation (7) is subject to the following two restrictions to ensure that weights are positive
and do not exceed one.

ω∗i ≥ 0, ∀ i = 2, · · ·, J + 1

ΣJ+1
i=2 ω

∗
i = 1

(8)
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To assess the effects of IMF programs on the macroeconomic performance of the treated
country, Sudan, we need to assign the weights and estimate the counterfactual for the post
intervention period using the following equation:

ê1t = Y I
1t − Ŷ N

1t , t ≥ T0 (9)

To evaluate the effectiveness of IMF programs implemented in Sudan using the Synthetic
Control Method, our analysis focuses on three main macroeconomic variables, namely real GDP
per capita, inflation, and the current account.

The pre-program period from 1985-1996 is selected as time predicting period or "synthetic
control optimization period". At the same time, the period from 1997 onward is consider as the
"treated period", including 13 successive Fund programs from 1997 to 2009 and one program
that took place in 2014. In this context, it is important to note that the SCM approach used in
this paper attempts to assess the impact of the 14 IMF staff monitored programs implemented
between 1997 to 2014 as data is only sufficiently available for this group of Fund programs.
On the other hand, available data is not sufficient to generate a meaningful SCM model to
evaluate IMF programs implemented during 1960s, 1970s and early 1980s. This is due to
the fact that the SCM requires data across a spectrum of macroeconomic and development
variables for relatively large number of countries which is hardly available. Therefore, we focus
our analysis on the IMF staff monitored programs that constitute a considerable proportion of
Fund programs implemented in Sudan.

Against this background, the synthetic group of countries consists of 31 developing countries
that did not undergo any Fund programs during the sample period from 1985 -2017. Data on
the macroeconomic variables for these countries has been collected from two sources, namely
IMF World Economic Outlook Database and World Bank Development Indicators. The final
SCM models are developed using a selected group of countries out of the entire developing
countries population due to the unavailability of data points for some of the countries. This is
understandable given the relatively long time horizon and large number of developing countries
used to construct the synthetic control group.

With respect to the real GDP per capita equation, the predictors chosen in the study are
inspired by the work done by Barro and Sala-i-Martin (1995) and Abadie and Gardeazabal
(2003). These predictors include the gross fixed formation as a share of GDP, economic open-
ness, population density, the share of agricultural to the GDP, the share of industry to the
GDP. Variables correspond to secondary and tertiary school enrolment rates and institutional
capacity have been dropped due to unavailability of data.

The predictors used in the inflation equation are selected based on the approach adopted by
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Gosh, Ostry, and Tsangarides (2010). These include trade openness, real GDP growth, fiscal
balance as a percentage of GDP, growth of the money supply, and change in the exchange rate.
The data on consumer price index (CPI) is rebased in a way that all countries would have a
CPI of 100 in 1997, which corresponds to the beginning of the first Fund program in our sample
period.

The covariates used to predict the current account balance in this paper are trade openness,
real GDP growth, fiscal balance, real interest rate, real exchange rate, and inflation rate. This
approach broadly follows the model adopted by Khan and Knight (1983) that chooses these
variables as main determinants of the current account balance in developing countries.

6 Key Results

This section provides an overview of the main findings on the impact of Fund programs on
the performance of real GDP growth, inflation, and the current account balance using the
Generalized Evaluation Estimator (GEE) and Synthetic Control Method (SCM).

6.1 Results of the Generalized Evaluation Estimator (GEE) Model

Before estimating the GEE model, the study applies the Augmented Dickey Fuller (ADF) test
to check whether all variables incorporated in the estimation are stationary over the study
period. In addition, the KPSS test is also used to further corroborate the results obtained by
the ADF test. Particularly, the KPSS test effectively addresses the common failure of standard
unit root tests, including the ADF, to reject the null hypothesis of non-stationarity by testing
the null hypothesis of stationarity against the alternative of a unit root (Kwiatkowski, et al.,
1992). Applying both tests combinedly, the study concludes that all variables are stationary at
the level, as indicated by Appendix 8.
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Table 2: Results of the Generalized Evaluation Estimator (GEE) Model

* ** *** denote that using T-Test, the mean during Fund programs is significantly different than the mean
during non-program periods at 0.1, 0.05, and 0.01 respectively.
1/ t-statistic and standard errors are estimated using White heteroskedasticity consistent standard errors and
covariance. 20



As indicated by the GEE estimation results depicted in Table 2, IMF programs implemented
by the Sudanese authorities helped reduce inflation during program periods. This is evidenced
by the negative coefficient of the IMF dummy variable in the inflation equation, which is
significant at 5 percent significance level. In the same inflation model, the current account
balance is found to have a significant negative effect on inflation at 1 percent significance
level. This could be explained by the result derived by Ferrero, et al. (2008) who find that
exchange rate depreciation triggered by widening the current account deficit could amplify
inflation. The 1996 inflation dummy is found to be large and significant in line with initial
assumptions. It is important to note that the inflation model passes robustness checks, given
that it has a relatively high explanatory power with R-squared at 81 percent, and it is free of
serial correlation and heteroskedasticity problems. That said, Fund programs appear to have
somewhat short-lived effects on inflation given that the post-program IMF dummy variable has
a smaller and insignificant coefficient.

The GEE model fails to detect any significant effects of IMF programs on GDP growth
nor the current account balance. In this connection, the IMF dummy variable is found to be
insignificant in the GDP growth equation. Nevertheless, shocks to terms of trade have positive
impact on growth and the secession of South Sudan appears to have a significant negative
impact on growth. While the growth equation is free of serial correlation, the White’s (1980)
consistent standard errors and covariance are used overcome the heteroskedasticity problem
encountered in the growth equation.

With respect to the current account balance, the IMF dummy variable is found to be
insignificant, indicating that IMF programs implemented in Sudan did not have significant
impact on improving the current account position during program or post program periods.
However, the current account balance is found to have been affected by other domestic factors,
including the lagged current account balance, lagged inflation, monetary growth, the budget
deficit, and the real effective exchange rate. In contrary, external factors represented by the
terms of trade appear to be insignificant. While the current account single equation model
satisfies robust checks of serial correlation, WhiteâĂŹs (1980) consistent standard errors and
covariance are used to overcome the heteroskedasticity problem.

In addition, the study employs the GEE approach to assess the impact of SMP type Fund
programs on the Sudanese economy. To this effect, the analysis is restricted to the period 1986-
2017, excluding the effects of stand-by Fund arrangements implemented before this sample
period. This is important given that the last stand-by arrangement in Sudan was in 1984.
Accordingly, the analysis yields similar results with respect to the positive impact of IMF
SMPs on reducing inflation and insignificant effects on the current account balance. However,
the IMF term in the real growth equation appears to be positive and significant at 10 percent
significance level as indicated by Appendix 9. Notwithstanding the positive effect of SMP type
programs on GDP growth, the overemphasis on reducing inflation sought under SMPs could
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have somewhat constrained growth during the same period. Particularly, the study finds that
inflation rates during most of the SMP time periods had persistently been kept below the 13
percent threshold estimated by Christoffersen and Doyle (1998), below which reducing inflation
would have negative effects on growth. The potential trade-offs between containing the inflation
and boosting growth could be illustrated in Figure 4.

Figure 4: Potential Trade-offs between GDP Growth and Inflation

6.2 Results of the Synthetic Control Method (SCM)

Table 3: Average Treated versus Synthetic Macroeconomic Performance During IMF Program
Periods

22



Figure 5: Treated versus Synthetic GDP Growth
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Figure 6: Treated versus Synthetic Inflation
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Figure 7: Treated versus Synthetic Current Account as Percent of GDP

As indicated by Table 3 and Figures 4, 5 and 6, using the Synthetic Control Method, the average
inflation rate during IMF programs is found to be lower than the average inflation rate of the
synthetically controlled group by 1.5 percent. This gap exceeds 3 percent when we exclude
the year 2014 where the IMF program had not been completed. Notwithstanding this, the gap
between the CPI inflation in Sudan and synthetic group turns negative after 2012, potentially
driven by the secession of South Sudan and its aftermath macroeconomic stability.

By the same token, average real GDP growth during program periods is found to be larger
than average growth of the synthetic group by 1.2 percent. The contraction in output activity
in the post-secession appears to contribute to the slowdown in actual GDP growth after 2011.
Nevertheless, growth showed signs of recovery after 2012, with the gap between treated and
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synthetic growth closing, before widening again around 2016.

Contrarily to the GEE model, IMF programs is found to have negative impact on the
current account balance using the SCM. This is reflected in the negative gap between the
average current account as percent of GDP during program period and the synthetic current
account balance. However, this gap appears to shrink in 2009 and 2015, which coincided with
significant drop in commodity prices during these years, affecting external positions of many
developing countries in the synthetically controlled group.

7 Conclusion and Policy Implications

This study applies the Generalized Evaluation Estimator (GEE) and Synthetic Control Method
(SCM) to assess the impact of IMF programs on the Sudanese economy. These two approaches
broadly address most of the shortcomings associated with other methodologies used to evaluate
the effectiveness of Fund programs, including overlooking the effects of the external environ-
ment, inadequate construction of counterfactual, and control of reverse causality.

The analysis suggests that IMF programs implemented in Sudan during 1960-2017 were
effective in reducing inflation. In this context, the two approaches applied in the study support
this finding, albeit with different magnitude. On the other hand, the methods used provide
divergent conclusions with respect to the impact of Fund programs on the performance of real
GDP growth and the current account balance as a percent of GDP. While the GEE fails to
capture any significant effects of IMF program on growth and the current account, the SCM
finds that Fund programs had positive and negative effects on growth and the current account
balance, respectively.

In addition, the impact of IMF programs on GDP growth is found to be positive and
significant when the sample period of the GEE model is restricted to resemble that of the
SCM. This essentially indicates that SMP type Fund programs had been effective in supporting
growth during program periods. However, deliberately keeping inflation rates very low for most
of the SMP periods could have constrained growth. Particularly, the study finds that inflation
rates had been kept below 13 percent, a threshold estimated by Christoffersen and Doyle (1998),
below which reducing inflation would have negative effects on growth.

The study also singles out a number of exchange rate devaluations with different magni-
tudes taken place during Fund program periods. These devaluation episodes are found to have
negative impact on GDP growth with potential distributional and welfare implications.

Against this background, the study concludes that implementing Fund programs remains an
effective strategy to reduce high inflation rates and eventually restore macroeconomic stability.
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However, the authorities, in countries with large developmental needs such as Sudan, should
be mindful of potential growth loss that could result from keeping inflation rates very low
during IMF program periods. At the same time, it is important to note that exchange rate
devaluations sought under Fund programs should be properly sequenced to mitigate negative
distributional and welfare impacts. Particularly, strengthening social safety nets and enhancing
social transfers prior to exchange rate devaluation would be crucial to ameliorate negative
effects. Finally, more needs to be done to improve the external position, particularly the
current account balance, under Fund programs. This underscores the importance of pressing
ahead with structural reforms aimed at addressing structural bottlenecks to competitiveness
and improving the business environment with a view to creating a lasting effect on the external
sector position.
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Appendix 1: Test for Equality of Means of Real GDP Growth
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Appendix 2: Test for Equality of Means of Inflation
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Appendix 3: Test for Equality of Means of the Current Account Balance as Percent of GDP
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Appendix 4: Test for Equality of Means of M2 Growth
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Appendix 5: Test for Equality of Means of Budget Deficit as Percentage of GDP
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Appendix 6: Impulse Responses of the VAR for Real GDP Growth, Inflation, and Exchange
Rate Devaluation
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Appendix 7: Mathematical Derivation of the GEE Model
The key GEE model equation can be written as follows:

Yit = α0i + αikxkt + βihght + αIMF
i di + θiSi + εit (10)

The vector of policy variables that incorporates counterfactuals to the policies adopted during
IMF program periods assuming systematic adjustment of policy instruments in the current
period in reaction to disequilibrium or deviation in the target variable from its desired value

in the previous period. This policy reaction function could be written as follows:

∆xkt = δki(y
d
it − yit−1) + ωit (11)

xkt = δki(y
d
it − yit−1) + ωit + xkt−1 (12)

Substituting equation 12 in equation 10 and subsuming ydit in the constant as we assume that
the desired macroeconomic outcomes is constant overtime, we get the following GEE model

representation.

Yit = α0i + αik[−δkiyit−1 + ωit + xkt−1] + +βihght + αIMF
i di + θiSi + εit (13)

Subtracting yit−1 from both sides of equation (13):

∆yit = α0i − (αikδki + 1)yit−1 − yit−1 + αikxkt−1 + βihght + αIMF
i di + θiSi + (εit + αikωit) (14)

Further simplifying equation (14) we get the final representation of the GEE model

∆yit = α0i − (αikδki + 1)yit−1 + αikxkt−1 + βihght + αIMF
i di + θiSi + (εit + αikωit) (15)
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Appendix 8: Stationarity Tests for Key Macroeconomic Variables
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Appendix 9: Results of the General GEE Model for IMF Staff Monitored Program

* ** *** denote that using T-Test, the mean during Fund programs is significantly different than the mean
during non-program periods at 0.1, 0.05, and 0.01 respectively.
1/ t-statistic and standard errors are estimated using White heteroskedasticity consistent standard errors and
covariance.
2/ t-statistic and standard errors are estimated using Newey-West consistent standard errors and covariance.
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Appendix 10: Synthetic Controls for GDP Growth, Inflation, and the Current Account
Balance
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