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Abstract
In this paper, we estimate short- and long-term tax buoyancy for 44 sub-Saharan 
African (SSA) countries during 1980–2017 using time series and panel techniques. 
We find that the long-term tax buoyancy is either one or slightly above one for most 
SSA countries. Fragile states have a lower short-term tax buoyancy reflecting their 
institutional weaknesses. Short-term buoyancy of personal income tax is signifi-
cantly less than one. Both short- and long-run tax responses are lower than those 
reported in previous cross-country studies, which can be interpreted as a reduced 
power of both automatic stabilization in the short run and fiscal sustainability in the 
long run. We find that central government debt and shadow economy exert a down-
ward pressure on tax buoyancy. An important implication of these results is that the 
current tax systems in SSA would not be able to generate domestic revenues to the 
extent needed for financing the Sustainable Development Goals (SDGs).

Keywords Tax buoyancy · Sustainable Development Goals · Error Correction 
Model · Sub-Saharan Africa

 * Jianhong Liu 
 jh.liu0226@gmail.com

 Sanjeev Gupta 
 sgupta@cgdev.org

 João Tovar Jalles 
 joaojalles@gmail.com

1 Center for Global Development, 2055 L St NW, Washington, DC 20036, USA
2 Instituto Superior de Economia E Gestão (ISEG), Universidade de Lisboa, Rua do Quelhas 6, 

1200-781 Lisboa, Portugal
3 Research in Economics and Mathematics (REM) and Research Unit On Complexity 

and Economics (UECE), ISEG, Universidade de Lisboa, Rua Miguel Lupi 20, 1249-078 Lisbon, 
Portugal

4 Economics for Policy, Nova School of Business and Economics, Universidade Nova de Lisboa, 
Rua da Holanda 1, 2775-405 Carcavelos, Portugal

5 IPAG Business School, 184 Boulevard Saint-Germain, 75006 Paris, France
6 Center for Global Development, 2055 L St NW, Washington, DC 20036, USA

http://orcid.org/0000-0002-5341-6873
http://crossmark.crossref.org/dialog/?doi=10.1007/s10797-021-09694-x&domain=pdf


891

1 3

Tax Buoyancy in Sub-Saharan Africa and its Determinants  

JEL Classification E62 · H20 · H24 · H25

1 Introduction

One of the seven actions adopted under the Addis Ababa Action Agenda in 2015 
calls on developing countries to mobilize more revenues domestically. The under-
lying rationale is that these additional resources, when supplemented with limited 
external flows, would help finance the Sustainable Development Goals (SDGs) by 
2030.1 The International Monetary Fund (IMF) (Gaspar et al., 2019) estimates that 
on average, low-income countries (LICs) will need additional resources amounting 
to 15.4 percent of GDP to finance the SDGs in education, health, roads, electricity, 
and water by 2030. These resource requirements are even greater in sub-Saharan 
Africa (SSA) than in a typical low-income country (LIC): The median SSA coun-
try faces additional spending of about 19 percent of GDP. Benin and Rwanda, for 
example, would require additional resources amounting to 21.3 percent of GDP and 
18.7 percent of GDP, respectively. In the average LIC, the IMF estimates that of the 
required additional financing, 5 percentage points of GDP would have to come from 
domestic taxes.

The question that arises is whether tax revenues in SSA would continue to grow 
in the future together with economic growth. This would depend on the buoyancy of 
these countries´ tax systems, which captures the response of tax revenues to changes 
in national income including discretionary changes made by countries to their tax 
systems. A tax buoyancy of one would imply that a 1 percent increase in GDP would 
increase tax revenues by 1 percent, thus leaving the tax-to-GDP ratio unchanged. A 
tax buoyancy exceeding one would result in tax revenues rising by more than the 
increase in GDP. A buoyancy greater than unity is desirable if the country would 
like to raise more revenues and to strengthen fiscal stability and support economic 
development over time.2 Discretionary changes may be used to compensate for a low 
tax buoyancy in a country, but then actual buoyancy may lag the long-term trend. It 
would be expected that long-run tax buoyancy is greater than one for progressive 
taxes (such as personal income tax) and lower than one for taxes are that are mostly 
regressive (such as the value-added tax).

This paper estimates tax buoyancies for 44 SSA countries using both time series 
and panel data techniques. It relies on the most recent and comprehensive cross-
country revenue dataset available from International Centre for Tax and Develop-
ment (ICTD)’s Government Revenue Dataset (GRD).3 The paper also ascertains 

1 The 17 Sustainable Development Goals (SDGs) with 169 targets were adopted by United Nations 
Member States in 2015 to end poverty, protect the planet and ensure that all people enjoy peace and pros-
perity by 2030.
2 A sustained tax buoyancy of greater than one would imply that the ratio of taxes-to-GDP would 
increase indefinitely, while a value lower than one would mean that the same ratio would fall continu-
ously. Both cases do not represent a long-run equilibrium for the sustainability of public finances.
3 ICTD GRD data used in the paper combines data from several different international sources under a 
standard classification system, including OECD Revenue Statistics, OECD Latin American Tax Statis-
tics, IMF Government Finance Statistics (GFS), IMF Article IV Staff Reports, and CEPALSTAT Rev-
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whether the recent tax reforms in SSA countries have improved tax buoyancy since 
the late 1990s. It then concludes that additional tax revenues generated by 2030 
using estimated tax buoyancies for SSA would fall short of resources needed to 
finance the SDGs.

The overall nominal tax revenue and GDP growth for SSA countries are dis-
played in Fig.  1. In general, nominal revenues seem to have grown faster than 
nominal GDP. This suggests that on average, tax buoyancy has been greater than 
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Fig. 1  Growth in Nominal GDP and Nominal Tax Revenues (%) in Sub-Saharan Africa, 1981–2017. 
Note: South Sudan, Angola and Democratic Republic of the Congo are excluded due to data non-availa-
bility, and result remains unchanged if we exclude Nigeria and South Africa Source: International Centre 
for Tax and Development (ICTD)’s Government Revenue Dataset
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Fig. 2  Growth in Nominal GDP and Personal Income Tax (PIT) (%) in Sub-Saharan Africa, 1981–2017

enue Statistics in Latin America, leading to gains in both coverage and accuracy compared to any other 
single source. The GRD is available from www. ictd. ac as a Microsoft Excel Spreadsheet (.xls), Open 
Document Spreadsheet (.ods), or Stata data file (.dta).

Footnote 3 (continued)

http://www.ictd.ac
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one for most years from 1981 to 2017. Looking in more detail, nominal revenues 
from personal income tax (PIT) and taxes on goods and services (TGS) seem to 
have grown faster than nominal GDP (Figs. 2 and 3), while those from corporate 
income tax (CIT) and trade taxes have maintained the same pace as growth in 
nominal GDP (Figs. 4 and 5).

There are several country-specific and two cross-country studies on tax buoy-
ancy in SSA (Table 1), as well as several cross-country studies for OECD coun-
tries. Over time, econometric methodologies have been improved upon and 
refined, moving from ordinary least squares (OLS) to instrumental variables (IV) 
and dynamic OLS estimator to more sophisticated techniques that account for 
cross-sectional dependence in panel data, such as Mean Group (MG) and Pooled 
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Fig. 3  Growth in Nominal GDP and Taxes on Goods and Services (TGS) (%) in Sub-Saharan Africa, 
1981–2017
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Fig. 4  Growth in Nominal GDP and Corporate Income Tax (CIT) (%) in Sub-Saharan Africa, 1981–2017
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Mean Group (PMG) (Pesaran & Smith, 1995; Pesaran et al., 1999). The key fea-
tures of SSA and selected OECD studies are summarized in Table 1.

The remainder of the paper is structured as follows. Section 2 provides an over-
view of the tax system in SSA. Section 3 presents the data and econometric frame-
work. Section  4 discusses the empirical results for the long- and short-run tax 
buoyancies for the SSA as well as for specific countries. Section 5 explores consid-
erations that affect tax buoyancy across countries. Section 6 uses the previously esti-
mated tax buoyancy estimates to calculate additional revenues that would be gener-
ated by 2030 in SSA and two countries—Benin and Rwanda, and how they compare 
with projected resource needs. Section  7 concludes with policy implications and 
suggestions for future research.

2  Tax systems in sub‑Saharan Africa—an overview

SSA countries have, on average, made progress in mobilizing more taxes since 2000 
(Fig. 6). On average, tax revenues have grown by three percentage points of GDP 
between 2000 and 2017 (from just around 13 percent to almost 16 percent). How-
ever, there is considerable heterogeneity as individual country performance varies: 
for 17 out of 29 countries, the 2017 tax-to-GDP ratio was less than the average of 16 
percent.4 In more than half of countries (15), the tax-to-GDP ratio was less than 15 
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Fig. 5  Growth in Nominal GDP and Trade Taxes (%) in Sub-Saharan Africa, 1981–2017. Note: South 
Sudan, Angola, Democratic Republic of the Congo, Eritrea, Liberia, and Nigeria are excluded due to 
data non-availability. Source: ICTD’s Government Revenue Dataset

4 The 2017 tax-to-GDP ratio is available for 29 countries.
 The seventeen countries comprise Central African Republic, Equatorial Guinea, Ethiopia, Gambia, 
Ghana, Guinea, Guinea-Bissau, Kenya, Liberia, Madagascar, Mali, Niger, Rwanda, Sierra Leone, Tanza-
nia, Uganda, and Zimbabwe.
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percent.5 This tax capacity is viewed as essential for the state to become viable and 
ensure sustainable growth (Gaspar et al., 2016).

A significant portion of the increase in tax revenue during this period has come 
from increasing TGS collections (including VAT). TGS revenues as a share of GDP 
increased by around 2.5 percent of GDP (Fig. 6). On average, the TGS now consti-
tutes roughly 40 percent of total tax collections in SSA. The widespread adoption of 
a broad-based consumption tax, such as the VAT, has helped strengthen tax admin-
istration in the region, as countries have adopted improved technology, such as elec-
tronic filing systems, thereby improving compliance (Mullins, Gupta, & Liu, 2020). 
The growth in TGS revenues has been accompanied by a slight fall in average trade 
tax revenues. Economic literature has shown that a move away from trade taxes in 
favor of consumption taxes is growth friendly. The share of PIT in relation to GDP 
increased by 2 percentage points to 4 percent of GDP during the period under study. 
As a comparison, average PIT in advanced economies is over 8 percent of GDP. 
This difference is likely due to higher, and more progressive, PIT rates in advanced 
economies and better collection and enforcement mechanisms (i.e., a smaller share 
of workers in the informal economy). CIT revenues as a share of GDP increased by 
1 percent of GDP. This is consistent with the experience of advanced economies and 
emerging markets.
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Fig. 6  Unweighted Average of Tax Revenues in sub-Saharan Africa, 2000–2017 (as a percent of GDP). 
Note: South Sudan is excluded because of non-availability of data; Revenues from different tax types do 
not necessarily add up to total tax revenue due to different sample sizes. Source: ICTD’s Government 
Revenue Dataset

5 The 15 countries include Central African Republic, Equatorial Guinea, Ethiopia, Gambia, Ghana, 
Guinea, Guinea-Bissau, Liberia, Madagascar, Niger, Rwanda, Sierra Leone, Tanzania, Uganda, and Zim-
babwe.
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3  Data and econometric framework

3.1  Data

As explained on page 3 and footnote 7, data for tax revenues come from the Govern-
ment Revenue Dataset as compiled by ICTD for 44 sub-Saharan African countries 
for the period 1980 to 2017.6 This time period includes the most severe financial and 
economic crises in many decades, extending between 2007 and 2013. The global 
financial crisis stressed the tax systems of SSA countries. In addition to buoyancy 
of aggregate tax revenues, we also focus on four tax categories, namely personal 
income tax (PIT), corporate income tax (CIT), tax on goods and services (TGS), 
and trade taxes. Disaggregated data by tax types are available for a smaller number 
of countries and are of shorter duration. Data on tax revenues are expressed in real 
terms in local currency units.

3.2  Empirical framework

We specify an autoregressive distributed lag (ARDL) model which is used to ana-
lyze dynamic relationships with time-series data in a single-equation framework 
shown in Eq. (1). The ARDL model considers both levels and changes of the rele-
vant variables in order to identify both the long-run growth and short-run variability 
of tax revenues through a single equation:

Taxi,t denotes tax revenue in country i in year t, GDPi,t stands for its level of GDP, 
�i is the country-specific effect and �it is the error term—both the tax variables and 
GDP are expressed in logs.

We follow the existing literature (Belinga et al., 2014; Deli et al., 2018; Dudine 
& Jalles, 2018) and use the optimal lag length to be equal to 1 for both p and q in 
Eq. (1), which gives us Eq. (2).7 It suggests that developments in tax revenue can be 
explained by GDP of the current and preceding period, and by tax revenue in the 
preceding period.

Equation (2) can be transformed into a single error correction model (ECM) of 
Eq. (3), which shows that changes in tax can be explained by changes in GDP and 
corrections made in response to the disequilibrium from last period given in the 
parenthesis.

(1)lnTaxi,t =

p
∑

j=1

�ijlnTaxi,t−j +

q
∑

j=0

�ijlnGDPi,t−j + �i + �it

(2)lnTaxi,t = �ilnTaxi,t−1 + �i,0lnGDPi,t + �i,1lnGDPi,t−1 + �i + �it

6 South Sudan is excluded because of non-availability of sufficiently long time series.
7 We also extended the lag length to p = q = 2. Results are shown in the Appendix Table 13.
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where �i measures the instantaneous effect of a change in GDP on tax revenue, 
reflecting the short-term buoyancy of the tax. The parameter �i denotes the long-
term buoyancy. The parameter �i measures the speed of adjustment, i.e., how fast 
the system converges to its long-run equilibrium. Application of the error correction 
model presupposes that tax revenues and GDP are cointegrated. Before estimating 
Eq. (3), it is thus essential to diagnose both the stationarity and cointegration prop-
erties of the different time series.

We follow a two-step empirical strategy in estimating Eq. (3). In the first step, we 
apply time series techniques to estimate short- and long-term tax buoyancy for SSA 
countries with adequate data (that is, applying these to those countries with a rea-
sonably continuous set of observations for the variables of interest). As some coun-
tries lacked ample data or failed to pass the necessary statistical test, we resorted to 
the application of panel techniques in the next step. This allowed us to maximize the 
cross-sectional and time series dimensions and to make use of all available data in 
estimating tax buoyancy of SSA as a region, which is not possible with time series 
techniques.

4  Empirical results

4.1  Time series regressions

For individual countries, we estimate short- and long-term buoyancy for total tax 
revenues by using time series techniques provided taxes and GDP are found to be 
cointegrated.8Since sufficiently long disaggregated data on specific tax types are not 
available, we skip time series estimates for them. We then test whether the long- and 
short-term buoyancy equals one. Table 2 and Fig. 7 display the estimates for 25 out 
of 44 SSA countries which passed the cointegration test.9 Estimates for the remain-
ing 19 countries are available from authors upon request.10

Results suggest an average long-term buoyancy of 1.088. It is significantly 
smaller than one in three countries (Central African Republic, Equatorial Guinea 
and Zambia). In five countries (Burundi, Democratic Republic of Congo, Gabon, 
Guinea-Bissau and Mauritius), the coefficient is not significantly different from one, 
which means for these eight countries, tax revenue is not growing faster than GDP 
growth. In the remaining 17 countries, it exceeds one by a small margin.

Results also suggest an average short-term buoyancy of 1.004 which is smaller 
than the long-term buoyancy. It is significantly smaller than one in 5 countries 

(3)ΔlnTaxi,t = �i
(

lnTaxi,t−1 − �ilnGDPi,t−1
)

+ �iΔlnGDPi,t + �i + �it

8 Results of country specific cointegration tests are available from the authors upon request.
9 The Newey–West estimator is applied to account for autocorrelation and heteroskedasticity in the error 
terms.
10 We excluded South Sudan because of non-availability of data. The failure to pass the cointegration 
tests in 19 countries is probably a reflection of structural changes taking place in these countries.
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(Democratic Republic of Congo, Equatorial Guinea, Mali, Mozambique, and Sen-
egal). In 14 countries, the coefficient is not significantly different from one (Benin, 
Burkina Faso, Burundi, Cameroon, Cape Verde, Chad, Comoros, Gabon, Guinea-
Bissau, Kenya, Madagascar, Mauritius, Niger, Uganda, and Zambia). This suggests 
that the tax system in these countries has not been working as a good automatic 
stabilizer. In the remaining six countries, it significantly exceeds one. The cross-
country variation in short-term buoyancy ranges from 0.351 in Equatorial Guinea to 
2.103 in Rwanda. In Central African Republic, Ghana, and Rwanda, the short-term 
tax revenue buoyancies display a higher reaction to the economic cycle than aver-
age which suggests their tax systems have been working as a good automatic stabi-
lizer. Notwithstanding its high short-term buoyancy, Central African Republic could 
not guarantee fiscal sustainability in the long run indicated by its significantly lower 
long-term buoyancy. This may be due to a general decline in the progressivity of its 
tax system. Benin, on the other hand, showcases a higher long-term buoyancy and 
a lower short-term buoyancy, suggesting that in terms of fiscal sustainability the tax 
system has the ability to grow in line with the GDP growth.

Also note that the speed of adjustment is negative for all countries and statis-
tically significant for most of them, consistent with convergence to a long-term 
relationship.

We then group buoyancy estimates into three country groups: fragile, foreign-aid 
dependent and natural-resource rich and take the mean of individual country esti-
mates.11 In theory, the fragile states have less developed fiscal institutions and thus 

0

0.5

1

1.5

2

2.5

Long-term buoyancy Short-term buoyancy

Fig. 7  Country-specific Buoyancy of total tax revenue

11 Fragile state is defined as one which has a CPIA country rating of 3.2 or less, and/or when there is the 
presence of a UN and/or regional peacekeeping or political/peace-building mission during the last three 
years. (The CPIA measures a country’s effort to improve its institutions and policies to reduce poverty; 
country performance is rated on a scale of 1 to 6, with 1 being weak and 6 being strong.) Foreign aid 
dependent countries are those which receive aid larger than the median of the sample. When exports of 
non-renewable natural resources such as oil, minerals and metals account for more than 25 percent of the 
value of the country’s total exports, it is defined as natural-resource-rich.
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a weaker capacity to implement taxes. This would suggest that they may have lower 
tax buoyancies than other countries in the region. The aid-dependent countries may 
face different incentives in collecting their taxes compared to those who receive lit-
tle or no aid (Clements et al., 2004; Benedek et al., 2014). In these countries, there 
may be a disincentive to mobilize domestic revenues because of the availability of 
aid flows. In the same vein, the tax system of natural-resource-rich countries tends 
to rely heavily on natural resource revenues which could have implications for non-
resource domestic taxes and thus for overall and tax-specific buoyancies (Crivelli & 
Gupta, 2014). Empirically, results are broadly similar except for fragile states, where 
short-term buoyancy is somewhat lower (Table 3).

4.2  Panel regressions

4.2.1  Baseline model

We estimate Eq. (3) for total tax revenue in a panel environment for our entire sam-
ple of SSA countries.12 Panel techniques allow us to maximize the country cover-
age and make use of all data to have a broader picture of tax buoyancy of SSA as 
a region, which we could not do in the application of time series methods. In this 
regard, the Pooled Mean Group (PMG) (Pesaran et al., 1999) estimator allows het-
erogeneity in short-term coefficients across countries but constrains the long-run 

Table 3  Buoyancy of total tax 
revenue across different groups

Long-term buoy-
ancy

Short-term 
buoyancy

All countries 1.088 1.004
Fragile 1.067 0.892
Foreign-aid dependent 1.089 1.043
Natural-resource rich 1.069 0.969

Table 4  Parameter Restrictions for Different Estimators

Estimator Short-term coefficient Long-term coefficient

Mean Group (MG) Heterogeneous Heterogeneous
Pooled Mean Group (PMG) Heterogeneous Homogeneous
Dynamic fixed effects (DFE) Homogeneous Homogeneous

12 Before proceeding, we conducted panel stationarity tests for GDP and tax revenues. We could not 
reject the null hypothesis that variables were nonstationary which meant that all these series had a unit 
root process (see Appendix Table 14). All non-stationary series were transformed into stationary series 
of order 1 by first differencing them (see Appendix Table 15). We then performed the cointegration and 
the results are reported in Appendix (Table  14). We conclude that tax revenues are cointegrated with 
GDP.
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coefficients to be equal. That is, it assumes that the long-term relationship between 
dependent and independent variables is the same across countries. The Mean Group 
(MG) (Pesaran & Smith, 1995) estimator, in contrast, allows for full parameter het-
erogeneity; that is, a separate regression is estimated for each country and an aver-
age reported. Both MG and PMG are appropriate for the analysis of dynamic pan-
els with both large time and cross section dimensions, and they have the advantage 
of accommodating both the long-run equilibrium and the possibly heterogeneous 
dynamic adjustment process. At the other end of the scale, dynamic fixed effects 
estimation constrains all short-run and long-run coefficients to be equal across coun-
tries (see Table 4 for a summary).

To test the validity of the assumption that the long-run relationship between 
the growth of GDP and tax revenues is the same across countries, we performed 
the Hausman test to compare the resulting PMG estimates against those stemming 
from MG estimator.13 Table 5 displays the estimated coefficients using a full panel 
of 40 SSA countries14 for long-term, short-term and the speed of adjustment using 
both PMG and MG and the resulting Hausman test statistics. For CIT, the PMG 
procedure produces estimates that are consistent and more efficient and, thus, it is 
preferred. MG estimator is preferred for remainder of tax components and total tax 
revenue. Furthermore, coefficient estimates for total tax revenue and PIT under both 
PMG and MG are broadly similar.

We find that the long-term buoyancy for total tax revenue and most tax com-
ponents is higher than one, which suggests that most of the levies are progressive, 
except for trade taxes. Estimates of CIT buoyancies are in the same range as those of 
the OECD countries. The short-term buoyancy is generally lower, and in one case, 
PIT, it is significantly lower than one. One possible reason can be wage rigidity in 
the formal sector. However, for trade taxes, short-term buoyancy is significantly 
higher than long-term buoyancy. The speed of adjustment for trade taxes is the low-
est among all taxes, i.e., speed of adjustment toward its long-term equilibrium is 
relatively slow.

We further studied whether tax buoyancies have changed over time in sub-Saha-
ran Africa against the background of tax reforms introduced by many countries 
since the late 1990s. Consequently, we divided our sample evenly into two periods, 
1980–1998 and 1999–2017.15 This way we get the largest number of observations 
for each time segment which allows us to apply dynamic fixed effects estimation. 

13 We follow the same approach as used by McNabb (2018). Hausman test evaluates the consistency 
of an estimator when compared to an alternative, less efficient estimator which is already known to be 
consistent. Here in our case, under the null hypothesis, both estimators (MG and PMG) are consistent, 
but PMG is efficient. If we reject the null hypothesis, it means that PMG is inconsistent, and MG is pre-
ferred. Otherwise, PMG is preferred.
14 To make the panel more balanced, we drop 4 countries in our sample.
15 Ideally, we would have liked to identify years with a dummy when tax reforms were implemented 
in SSA. Unfortunately, such data are not available. The one that exists for 45 emerging and low-income 
countries covers only 12 countries in SSA and that too for 2000–2015 period (Akitoby et al., 2019). This 
left us with an imperfect means of dividing the sample into two segments to capture the impact of tax 
reforms in recent years. Since the bulk of major tax policy changes in SSA countries were initiated in 
1990s (Gillis, 2001), the post-1999 period captures their impact on tax buoyancy.
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If estimates in the latter time period turned out to be higher, it would suggest that 
tax reforms implemented since 1999 have contributed to enhancing tax buoyancy. 
Because the resulting two time periods are relatively short, it is not possible to use 
MG or PMG and we are forced to rely instead on the DFE estimator. Results are 
displayed in Table 6.

Results suggest that, for overall taxes and most tax components, there is an 
increase in long-term buoyancy during the 1999–2017 period, except for trade taxes. 
The latter result is understandable given the declining reliance on trade taxes in SSA 
countries. Results suggest that structural improvements in tax systems in the second 
period are indeed having a tangible impact on tax buoyancies.

4.2.2  The role of business cycle

After estimating long-run and short-run buoyancies, we explore whether the stabiliz-
ing role of taxation (captured by the short-run buoyancy) and the fiscal sustainability 
role (captured by long-term buoyancy) vary during periods of economic expansion 
and economic contraction. We re-estimate Eq. (4) where a recession dummy indicat-
ing the state of the economy is included in additive form. “rec” = 1 if nominal GDP 
growth < 0 (contraction), “rec” = 0 if nominal GDP growth > 0 (expansion). Results 
are displayed in Table 7.

To better explore whether tax buoyancy varies depending on the phase of the 
business cycle, the following alternative short-run regression is estimated:

(4)
ΔlnTaxi,t = �

(

lnTaxi,t−1 − �expansion ⋅ (1 − rec) ⋅ lnGDPi,t−1 − �contraction ⋅ rec ⋅ lnGDPi,t−1
)

+ �expansion ⋅ (1 − rec) ⋅ ΔlnGDPi,t + �contraction ⋅ recΔlnGDPi,t + �i + �it

(5)
ΔlnTaxi,t = �i + �contraction

1
⋅ Y

(

zit

)

⋅ ΔlnGDPi,t−1 + �
expansion

2
⋅

[

1 − Y
(

zit

)]

⋅ ΔlnGDPi,t−1 + �k
i,t

Table 7  Tax Buoyancy over the Business Cycle

Note: Standard errors in parentheses. *, **, *** denote statistical significance at the 10, 5 and 1 percent 
levels, respectively

Long-term buoyancy Short-term buoyancy Estimator

Expansion Contraction Expansion Contraction

Total tax revenue 1.343*** 0.827** 0.916*** 0.469*** MG
0.3 0.346 0.093 0.099

CIT 1.235*** 1.152*** 0.718** 0.128 PMG
0.011 0.031 0.29 0.252

PIT 1.136*** −1.71 0.336 0.069 MG
0.122 2.058 0.212 0.207

TGS 1.242*** 0.611*** 1.147*** 0.394*** MG
0.078 0.134 0.264 0.106

Trade taxes 0.634*** 0.278*** 1.163*** 0.345*** MG
0.141 0.1 0.193 0.127
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with Y
(

zit
)

=
exp(−𝛾zit)

1+exp(−𝛾zit)
, 𝛾 > 0 where z is an indicator of the state of the economy 

(using the real GDP growth16) normalized to have zero mean and unit variance. The 
remainder of the variables and coefficients are defined as before. This approach is 
equivalent to the smooth transition autoregressive (STAR) model developed by 
Granger and Teravistra (1993) and has recently been employed by Dudine and Jalles 
(2018) on a larger heterogeneous sample study.17 Results are displayed in Table 8.

Results from Table 7 suggest that both long-term buoyancy and short-term buoy-
ancy are smaller during economic contractions. Lower short-term buoyancy during 
contraction indicates that the tax system is not working well as an automatic sta-
bilizer in SSA. This effect is more significant for certain tax categories—TGS and 
trade taxes. Table 8 confirms—by means of alternatively estimating Eq.  (5)—that 
buoyancy is smaller during contractions than during times of economic expansions, 
in particularly CIT and trade taxes. This result is contrary to that found in Dudine 
and Jalles (2018) for a much larger sample of countries. It is also at odds with the 
Furceri and Jalleś (2016) finding that points to an overall impact of fiscal stabiliza-
tion (measured as the amount of fiscal counter-cyclicality) being larger during reces-
sionary periods.

Table 8  Asymmetric short-term 
buoyancy over the business 
cycle

Note: OLS estimation with country and time effects included but 
omitted for reasons of parsimony. Constant term also omitted. 
Robust standard errors clustered at the country level in parentheses. 
*, **, *** denote statistical significance at the 10, 5 and 1 percent 
levels, respectively

Expansion Contraction

Total tax revenue 0.009*** 0.014
(0.003) (0.008)

CIT 0.014* 0.020
(0.007) (0.016)

PIT 0.006 0.015
(0.005) (0.013)

TGS 0.003 0.009
(0.003) (0.010)

Trade taxes 0.004* 0.014
(0.003) (0.010)

16 As a robustness check, we also consider recessions identified as: (i) episodes with a negative output 
gap; (ii) those produced by the Harding and Pagan (2002) algorithm to identify economic turning points. 
Results are available from the authors upon request. Note that regarding the use of the output gap, how-
ever, for our sample of SSA countries the IMF WEO output gap limits us on the total number of observa-
tions. Even constrained by data availability, all results reassuringly remain qualitatively similar.
17 The main advantage of this approach relative to estimating SVARs for each regime is that it considers 
a larger number of observations to compute the impulse response functions, making the responses more 
stable and precise.
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4.2.3  Controlling for inflation

As a robustness check, we also added inflation as a control variable to assess 
whether tax buoyancy is independent of price changes. If it is, the same relationship 
would be obtained if real variables were used instead. Results in Table 9 show the 
coefficients for long-term buoyancy remain unchanged. Hence, long-term tax buoy-
ancy appears neutral with respect to inflation, meaning long-term tax buoyancy in 
real terms is not significantly different from its nominal value. However, the coef-
ficients of short-term buoyancy of total tax revenue, TGS and trade taxes are now 
smaller than before, meaning that tax buoyancy in real terms is smaller than the cor-
responding nominal value for these taxes. Short-term tax buoyancy of PIT and CIT 
remains unchanged.

4.2.4  Controlling for tax rates

A second robustness exercise pertains to controlling for discretionary tax changes 
made by governments during the period under study. Due to the limited availability 
of tax rate data, we only estimate tax elasticity of PIT and CIT. We compiled data 
of changes in these two taxes during 1990–2017.18 Results including and exclud-
ing tax rates as a control are displayed in Table 10. Long-term buoyancy shows a 
slight decline after controlling for tax rates. The rest of the results remain broadly 
the same.

Table 10  Robustness Check: controlling for tax rate

Note: Standard errors in parentheses. *, **, *** denote statistical significance at the 10, 5 and 1 percent 
levels, respectively

CIT PIT

No control Control No control Control

Long-term buoyancy 1.093*** 1.082*** 1.205*** 1.166***
(0.025) (0.028) (0.058) (0.047)

Short-term buoyancy 0.861*** 0.854*** 0.941*** 0.950***
(0.062) (0.065) (0.059) (0.064)

Speed of Adjustment −0.423*** −0.437*** −0.173*** −0.246***
(0.028) (0.030) (0.022) (0.030)

Estimator DFE DFE DFE DFE

18 We chose dynamic fixed effect (DFE) after performing Hausman test. Another reason for choosing 
DFE estimator is that PMG requires longer time span for which we lack data.
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5  What considerations affect tax buoyancy across countries

In this section, we study the factors that influence cross-country differences in long-
term buoyancy. The first variable included in the analysis is the share of value added 
by agriculture (as a share of GDP). Tanzi and Zee (2000) suggest that a large share 
of agriculture is associated with a smaller PIT and TGS. The same conclusions were 
reached by Ahmad and Stern (1991), Teera and Hudson (2004), and Stotsky and 
Wolde-Mariam (1997). Since agriculture is a difficult sector to tax, we expect a high 
share of agriculture to be associated with low tax buoyancy. The second variable 
we consider is the size of shadow economy. Shadow economy comprises economic 
activity that is undeclared to the tax authorities. An economy with a high share of 
shadow economy is likely to be associated with low tax buoyancy. The third variable 
included in our analysis is the size of central government debt as a share of GDP. A 
high level of debt reflects weak fiscal discipline and concerns about fiscal sustain-
ability. It could suggest excessive government spending which does not add to eco-
nomic growth. These considerations could adversely impact taxpayers’ incentive to 
honor their tax obligations (Gupta & Plant, 2019). The fourth variable we test is the 
prevalence of corruption—defined as the abuse of public office for private gain. A 
high incidence of corruption reflects weak government institutions. We also include 
CPIA efficiency of revenue mobilization rating as a proxy for strength of prevailing 
tax institutions in the country. Finally, we test whether incidence of a conflict affects 
tax buoyancy.19

We estimate the country-specific average of each indicator and then compute 
the cross-country median for each country in our sample. We then split the sample 
between those countries above or below the median and create a dummy variable 
taking value 1 when the level of the indicator is above the median. Finally, we take 
the estimated long-term buoyancy coefficients presented in Table 2 as our dependent 
variable. We estimate the following regression by OLS:

where �̂i is an estimate of the long-term tax buoyancy of country i, �i is constant, �i 
is the error term. Central government debt, corruption index, share of agriculture in 
value added, the size of shadow economy, efficiency of revenue mobilization, and 
conflict are dummy variables created above. �1-�6 are coefficients of interest. Results 

(6)
𝛽i = 𝛼i + 𝜑1debti + 𝜑2corruptioni + 𝜑3agriculturei + 𝜑4shadow economyi

+ 𝜑5efficiency of revenue mobilizationi + 𝜑6conflicti + 𝜀i

19 Data on share of agriculture, central government debt, and CPIA efficiency of revenue mobiliza-
tion rating (1 = low to 6 = high) are taken from WDI database. Data on shadow economy are taken from 
Medina et al. (2017). Corruption Perceptions Index (CPI) data is taken from Transparency International. 
The CPI, with its 0–100 scale, scores and ranks countries/territories based on how corrupt a country’s 
public sector is perceived to be by experts and business executives, where a 0 equals the highest level of 
perceived corruption and 100 equals the lowest level of perceived corruption. We then take the inverse of 
CPI as our indicator of corruption. Data on conflict is taken from the World Bank Global Spread of Con-
flict By Country And Population dataset. The indicator is coded 1 if the country is affected by ongoing 
conflict or experienced conflict in at least one calendar year during the past 10 years.
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are displayed in Table 11. Both central government debt and shadow economy have 
a negative impact on tax buoyancy. A large shadow economy undermines  tax col-
lections, thus associated with low tax buoyancy. The coefficients attached to the 

Table 11  Determinants of Tax buoyancy: Total Tax Revenue

Note: Standard errors in parentheses. *, **, *** denotestatistical significance at the 10, 5 and 1 percent 
levels, respectively

Specification 1 2 3 4 5 6

Central government debt −0.199*** −0.233*** −0.194*** −0.173*** −0.180*** −0.198***
(0.050) (0.049) (0.050) (0.057) (0.044) (0.062)

Share of Agriculture 0.035 0.039
(0.049) (0.045)

Shadow Economy −0.082* −0.042
(0.048) (0.061)

Corruption −0.052 −0.052
(0.050) (0.050)

CPIA efficiency 0.024 −0.011
(0.057) (0.049)

Conflict 0.069 0.051
(0.041) (0.050)

Constant 1.165*** 1.234*** 1.207*** 1.168*** 1.147*** 1.192***
(0.041) (0.044) (0.030) (0.054) (0.032) (0.061)

#Observations 25 24 25 22 25 21
R-squared 0.436 0.565 0.451 0.355 0.467 0.541

Water and 
Electricity combined

0

5

10

15

20

25

Benin Rwanda SSA

Roads Roads
Roads

Educa�on

HealthHealth
Health

Educa�on Educa�on

Water Electricity

Water

Electricity

Fig. 8  Estimates for the Additional Spending in 2030, by Sector (Percent of 2030 GDP). Note: The 
median SSA country faces additional spending of about 19 percent of GDP. SSA country average esti-
mates are only available for education, health and roads
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share of agriculture, corruption, efficiency of revenue mobilization and conflict are 
not statistically significant. Thus, the institutional quality as captured by corruption 
index and efficiency of revenue mobilization is not particularly relevant to reactions 
of taxes to GDP changes in SSA countries.

6  Estimation of additional revenue generated by 2030

As mentioned earlier, the IMF has estimated that financing the SDGs in LICs will 
require tax-to-GDP ratios to grow by at least 5 percent by 2030. An average of 21.3 
percent of GDP and 18.7 percent of GDP of additional spending is required for 
Benin and Rwanda, respectively, in order to achieve the SDGs in five areas (educa-
tion, health, roads, electricity, water and sanitation) by 2030.

Benin would need to spend additional 3.2 percent of its GDP on education, 5.1 
percent of its GDP on health and 2.5 percent of GDP on water (Fig. 8) (see Prady & 
Sy, 2019). For Rwanda, required spending to meet the SDGs is the largest in educa-
tion, estimated at 6.2 percent of 2030 GDP. Additional required spending is esti-
mated at about 4 percent of 2030 GDP on roads, 2 percent of GDP on health, 2 
percent of GDP on electricity and 4.5 percent of GDP on water (Fig. 8).

Given the tax-to-GDP ratio for 2016, the projected GDP growth, and our esti-
mates of long-term buoyancy, we can calculate tax revenue growth for sub-Saharan 
Africa, Benin, and Rwanda during 2016 and 2030 (Table 12).2021 Of course, out-of-
sample projections are fraught with severe limitations, and estimates presented here 
should therefore be viewed as highly tentative.

The tax-to-GDP ratio in Benin would grow to 10.6 percent (an increase of 1.4 
percent) and in Rwanda to 18.7 percent (an increase of 3.2 percent). The tax-to-GDP 

Table 12  Projected increases in Tax-to-GDP ratio by 2030 in SSA, Benin and Rwanda

Tax-to-GDP ratio in 
2016 (in percent)

Estimated tax 
buoyancy

Projected Tax-to-GDP ratio 
in 2030 (in percent)

Increase in 
Tax-to-GDP 
ratio

SSA 15.8 1.08 16.6 0.8
Benin 9.2 1.18 10.6 1.4
Rwanda 15.5 1.13 18.7 3.2

20 We are assuming that the downward revisions in SSA growth are temporary.
21 

�

Tax

GDP

�

i,n
=

�

Tax

GDP

�

i,m
*

n
∏

j=m+1

�

1+buoyancyi*GDP growth rateij

1+GDP growth rateij

�

, j = m + 1,… n;
�

Tax

GDP

�

i,n
 denotes tax-to-

GDP ratio of country i in year n, ( Tax

GDP
)
i,m

 denotes tax-to-GDP ratio of country i in year m,  buoyancyi 
denotes the long-term buoyancy estimated for country i, GDP growth rateij denotes GDP growth rate of 
country i in year j. In our specification, m = 2016, n = 2030. GDP growth data comes from the Interna-
tional Monetary Fund, World Economic Outlook Database, October 2019. We use a simple 10-year 
(2009–2018) moving average as the predicted GDP growth rate after 2018. Tax-to-GDP ratio in year 
2016 comes from ICTD dataset.
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ratio for SSA as a region would grow modestly by 0.8 percent. In all cases, incre-
mental taxes generated by 2030 would fall short of the average 5 percent of GDP 
additional revenues needed by LICs to finance the SDGs, and the shortfall would be 
large for two countries (Rwanda and Benin) for which detailed resource estimates 
exist. This suggests that it is imperative that countries in sub-Saharan Africa con-
tinue to implement tax reforms to make their systems more responsive to income 
changes. At the same time, policymakers in Africa must complement tax-enhancing 
efforts with those directed at improving the quality of spending. It is possible to gen-
erate up to 3 percent of GDP in resources by focusing on improving the efficiency of 
existing budget allocations (Gupta, 2018).

7  Concluding remarks and future research

In this paper, we estimated the short- and long-term tax buoyancies of 44 SSA 
countries between 1980 and 2017 using both time series and panel data techniques. 
Short-term buoyancy of PIT is significantly less than one. This could be attributable 
to wage rigidity in the formal sector. The estimated long-term buoyancy suggests 
that most taxes are progressive, except for those on trade. Overall, the robustness 
checks show that tax buoyancy is neutral to discretionary tax changes. The good 
news is that there is an increase in long-term buoyancy in the more recent period 
in reflection of tax reforms implemented by SSA countries. The future tax reforms 
would need to capture the changing economic structure to improve buoyancy. The 
cross-country determinants of long-term tax buoyancy suggest that both central 
government debt and shadow economy exert downward pressure on tax buoyancy. 
Our estimates suggest that domestic tax revenues generated by 2030 would not be 
adequate to cover spending needed to achieve the SDGs in SSA and two countries, 
Benin and Rwanda. The revenue shortfall could be larger if the spread of COVID-
19 were to dampen SSA’s growth prospects over a long period. It could also delay 
implementation of critical tax reforms as countries seek to mitigate the virus’ impact 
through a fiscal stimulus.

Future research could study how tax buoyancy is affected by tax reforms by esti-
mating time-varying long-term tax buoyancies in SSA countries and then assessing 
their determinants, including discretionary tax reforms.

Appendix

See Tables 13, 14, 15 and 16.
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