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Abstract
We undertake to estimate the effects of real exchange rate misalignment and regional
integration on the service sector performance in selected countries from East Africa
during the period of 1991–2017. The main findings, based on the traditional Pooled
Mean Group ARDL technique as well as the alternative panel Cross-Sectional Autoregressive distributed lag (CS-ARDL) approach render support for an undervaluation-led
services sector performance as well as the importance of regional integration in the
observed linkage. Additional evidence reveals that both the monetary policy and
the fiscal policy are key channels via which currency undervaluation impacts on the
services sector output. The existence of non-linearities in an inverted U-shaped curve
is equally confirmed in the data, where small and moderate undervaluations spur
service sector performance just as large undervaluations after some threshold hinder
it. Exchange rate volatility is found detrimental to the services sector in the long run.
Policies that would help promote the underlying catalysts of undervaluation, curtail
exchange rate volatility as well as those that promote deeper regional integration
should be strengthened. Likewise, undervaluation policies would yield optimal benefits
to the services sector once they are accompanied by well-calculated monetary and
fiscal policies.
Keywords: Real exchange rate, Undervaluation, Regional integration, East African
Community
JEL Classification: F15, F31, L80, N77, O24

1 Introduction
The merits and costs, as well as consequences of real exchange rate misalignment are
well-highlighted in literature (e.g., Rapetti 2020; Contractor 2019; Ndlela 2010) but their
implications for sectoral growth are still unclear in the empirics. Nonetheless, theory
contends that by distorting resource allocation away from productive activities, sustained real exchange rate overvaluation will eventually lead to drastic adjustments of
relative prices and reduction of aggregate economic growth (Ndlela 2010). Additionally, overvalued exchange rates are known to potentially undermine exports, harm agriculture, services and the industrial sectors, stimulate imports, breed protection against
© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits
use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original
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exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by/4.0/.
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imports, promote rent-seeking economies, and to destabilize the capital account as well
as often precipitating debt crises (Rodrik 2008).
For the services sector in particular, an overvalued exchange rate is likely to adversely
affect components such as the tourism (Dubas 2009), whereby the tourism-dependent
countries suffer loss in export revenues as local currency is overvalued, making these
countries undesirable destinations for international tourists. On the contrary, an undervalued currency is credited not only for reducing unemployment and lowering the risk
of financial crises (Steinberg 2015), but also acting as an implicit subsidy to firms that
sell abroad (The Economist 2020). While in the services sector, an undervalued currency
may attract tourists to the country since it becomes cheaper for them to visit, consequently leading to more foreign exchange flowing into the country, undervaluation could
be considered anathema to firms in the service sector given its likelihood of upscaling
their costs without improving their competitiveness (Steinberg 2015). For industries that
rely on some imported inputs, and others that borrow from foreign banks to finance
their investments in services, the effect of undervaluation may be deleterious. Nevertheless, the empirical association between undervaluation and sectoral performance is still
an inconclusive debate.
The main purpose of the current study is to examine the effect of undervaluation on
the service sector performance in East Africa, a region that is now considered the fastest
growing in the world, with the services sector, which includes everything from finance,
insurance, communication, restaurants and tourism to real estate, and therefore an
archetypal nontradable sector, taking the lead (UNECA 2018). For example, the regional
statistics for the year 2018 indicate that the sector dominated the composition of GDP,
averaging 59% and only followed by the agricultural sector, averaging 25.7%. The average contribution of the service sector to GDP over the period 1991–2017, was 42.9%
followed by the agricultural sector with 30.7% and the manufacturing sector with 7.8%
and industrial sector at 18.2%. In fact, a steady performance of the sector is witnessed
since 1991 when it contributed about 39% to GDP, proceeding to 42.3%, 45.7% and 59%
in 2001, 2011, and 2018 respectively, compared to a deteriorating contribution from the
agriculture and manufacturing sectors that in 1991, 2001, 2011, and 2017, respectively
stood at 10%, 6.8%, 8.4% and 6.7%, for the latter, and 37.4%, 29.7%, 26.1% and 29.8% for
the former sector. This relatively better performance of the service sector has taken place
against a backdrop of a weakening currency and growing interest in deeper regional
integration that begun with the signing of the treaty for the establishment of the East
African Community by the heads of State of Kenya, Tanzania and Uganda in November
1999, and the coming into force of the same in July 2000.
While a plethora of studies document findings in support of an undervaluation-realexchange-led growth (e.g., Seraj and Coskuner 2021; Missio et al. 2015; Couharde and
Sallenave 2013), empirical support underpinning the negative growth impact of undervalued and overvalued exchange rate is equally traceable (e.g., Mbaye 2013; Conrad and
Jagessar 2018). On the contrary, a later study by Brixiová and Ncube (2014) finds no evidence of a facilitative role of undervaluation, where the latter is measured from the stock
flow approach. Yet, arguments in defense of an overvalued find basis too in literature
(e.g., Steinberg 2010; Dutta and Leon 2002). The exact explanation for the divergences is
not straight forward but as Rapetti et al. (2012) suggest, the source of diversion appears
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entrenched in sample differences as well as measurement variations and the type of
growth indicator selected (Mazorodze and Tewari 2018).
We consider the above issues central in the current study. First, we explore one sector
at a regional level to determine both the shortrun and longrun effects of undervaluation,
taking into consideration both endogeneity and heterogeneity as well as homogeneity
issues in addition to cross-sectional dependence among countries. More importantly,
and as a nuance to the study, we additionally investigate both the direct and indirect
effects of regional integration on the service sector performance, as well as the feedback effects from the monetary and fiscal policy. Previous studies have mainly focused
on the savings channel (e.g., Levy-Yeyati and Sturzenegger 2007), the capital accumulation channel (e.g., Mazorodze and Tewari 2018), as well as the currency regime channel (e.g., Brixiová and Ncube 2014), and, total factor productivity channel (e.g., Mbaye
2013). Finally, given the documented evidence in previous studies such as Mazorodze
and Tewari (2018), of a non-linear effect of currency or exchange rate misalignment on
economic growth, we also test for this possibility in our data.
The contribution of the above analysis falls into various categories. First, it is envisaged that the findings from our study could provide an evidence-base for relevant policies directed towards the relevant sector rather than would have been the case where
a one-size-fits-all-blanket policy would emanate from aggregating sectors together. For,
we argue that different sectors are affected differently by undervaluation/overvaluation,
thus justifying a sector-wide approach. On the other hand, the study outcome could add
to the scanty evidence in existence for East Africa, in addition to providing avenues for
further research. In a region that entertains the hope of becoming a monetary union,
where an adoption of a single currency is on the agenda in an effort to foster deeper integration and better manage the prices of goods and services, understanding the dynamics
of the exchange rate movement for specific sectors is critical for the future stability of
the East African Monetary Union (EAMU).
The main conclusion is that there is significant influence of undervaluation as well as
regional integration and real exchange volatility on services sector performance. The
East Africa community as well as monetary and fiscal policy channels play a critical role
in the undervaluation-services sector linkage. We also note that the relationship between
currency undervaluation and service sector performance follows an inverted U-shaped
curve, whereby beyond a threshold of about 6.3, the undervaluation effect turns out negative, otherwise smaller and moderate undervaluation from about 1–6.3 is still good for
the service sector development in the selected EAC countries.
In the next section, is the review of literature, followed by the methodological section
incorporation data and the estimation strategy. Section 4 then entails the results and discussion while Sect. 5 concludes.

2 Empirical literature
There exists a plethora of literature investigating the association between real exchange
rate and economic growth albeit divergent and often conflicting. For example, in Aguirre
and Calderón (2005), real exchange rate misalignments are found to hinder growth but
the effect is non-linear in 60 countries over the period 1965–2003. A seminal work by
Rodrik (2008) also observes that in the seven high growth rate countries over the period
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1950–2004, while overvaluation hurts growth, undervaluation enhances it. Similarly, a
study by Mbaye (2013) on a sample of 72 countries over 1970–2008 finds that a 10%
increase in undervaluation enhances growth on average by 0.14% via an improvement
in total factor productivity. In Rapetti et al. (2012) too, the effect of currency undervaluation on growth is found positive, larger and more robust for developing economies.
Likewise, Bermúdez and Dabús (2018), using a wide sample of countries over the period
1960–2009 and the system-GMM estimation technique, records evidence of a positive
link between an undervalued RER and growth but only for non-industrial countries that
fall in the upper-middle and high income categories. Similar findings of a positive undervaluation effect are documented in Elbadawi et al. (2012), Missio et al. (2015), Couharde
and Sallenave (2013). Conrad and Jagessar (2018) on the other hand documents a negative growth effect of undervaluation for Trinidad and Tobago over the period 1960 to
2016.
A recent study by Seraj and Coskuner (2021) reproduces the work of Dani Rodrik on
real exchange rate undervaluation and economic growth for 93 countries over the period
1990–2018. Still here, in line with Rodrik’s conclusions, the authors find undervaluation
to significantly impact economic growth. However, the results from the fundamental
equilibrium exchange rate model are observed to be more significant than those of Balassa–Samuelson-based Rodrik approach. Additionally, the first lag of undervaluation is
found to exhibit a significant effect on economic growth. On the other hand, Rapetti
(2020) found a positive relationship between real exchange rate volatility on economic
growth for developing countries in particular. Nevertheless, the author notes a negative
effect of real exchange rate volatility and economic growth. An earlier study by Habib
et al. (2017), based on a 5-year average data for a panel of over 150 countries in the post
Bretton Woods period, similarly documents a positive effect of real exchange rate depreciation on annual growth of gross domestic output, just as real appreciation is found to
reduce significantly annual real GDP growth for developing countries.
On the contrary, sectoral studies on the effects of real exchange rate misalignment
are scarce but also differ in their findings. For example, a recent study by Mazorodze
and Tewari (2018), adopts a system generalized method of moments (GMM) approach
on South African data spanning from 1984 to 2014 to register a positive impact of
undervaluation on sectoral growth up to a point beyond which a retardation in growth
takes course. The influence of capital accumulation is likewise found significant in the
observed linkage. These findings are in line with an earlier analysis by Njindan Iyke
(2017), who decomposes the South African economy into the agriculture, industry and
services sectors and, with the help of the Ordinary least squares (OLS) and GMM estimation techniques finds that during the period 1962–2014, real exchange rate undervaluation exerted a positive effect on the agriculture as well as the industrial sectors, but
a negative effect on the services sector. It is interesting to note that while Njindan Iyke
(2017) provides evidence for a positive undervaluation effect on the agriculture sector,
an earlier study by Rodrik (2008) documents a contrary finding for a similar sector. In
Zimbabwe however, during the period stretching from 1980 to 2003, results obtained
from a feasible generalized least squares (FGLS) framework, which does not adequately
address problems of endogeneity, Masunda (2011) finds a significant deleterious role of
undervaluation on agriculture, mining and manufacturing sectors.
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On the other hand, a later study still on Zimbabwe by Brixiová and Ncube (2014)
reveals detrimental role played by overvalued exchange rates on the same sectors,
viz., agriculture, mining and manufacturing sectoral growth but find no evidence of
a facilitative role of undervaluation measured from the stock flow approach. Also in
their analysis of 39 Latin American countries during the period 1995–2008, Vaz and
Baer (2014), find that currency undervaluation had significantly positive effect of the
22 2-digit manufacturing sector growth. Similarly, Freund and Pierola (2008) report
a positive real exchange rate undervaluation effect on the manufacturing exports in
developing countries, but a less pronounced role of exchange rate for developed economies. Likewise, Nouira et al. (2011), document a positive effect of undervaluation on
price competitiveness of manufactured exports for 52 developing countries over the
period 1991–2005. A related study by Ozyurt (2013), using a panel of 66 countries
over the period 1983–2007, and basing on alternative measures of currency misalignment show that in addition to productivity and income per capita, an undervalued
currency significantly drives the total employment share of services, but exerts a negative impact on the development of a service sector.
Meanwhile, Ybrayev (2021), with focus on Kazakhstan between 2009 and 2019,
show that a 10% undervaluation of the real exchange rate (RER) leads to a 0.05%
points increase in the growth rate of manufacturing exports. Similarly, the study notes
that a one percent increase in RER leads to a 0.08% points growth in primary products
industries, whereas a depreciation of the RER by one percent is found to lead to a rise
of 0.14% points in the growth rate of high-tech manufacturing industries. The development of capital-intensive sectors is observed adversely affected by a highly volatile
exchange rate regime of the exchange rate. An earlier study by Masunda (2011) finds
a significant deleterious role of undervaluation on agriculture, mining and manufacturing sectors. Elsewhers in Ozyurt (2013), however, an undervalued currency is
observed to exert a negative impact on the development of a service sector.
Overall, apart from Njindan Iyke (2017), Mazorodze and Tewari (2018), and Ozyurt (2013), the other studies, though informative, never address the services sector
directly but focus on the manufacturing, agricultural and mining sectors, if not aggregate economic growth. Nevertheless, the majority center around individual countries
and less any East African country. To our knowledge, the East African Community as
a region is not represented, despite the need to understand the dynamics of undervaluation for the region given the unique trends of exchange rate movements vis a
vis service sector performance amidst growing attention for deeper integration, as
earlier discussed. More important, missing channels in literature, viz., the monetary
and fiscal policy as well as the regional integration channels, would help explain further the linkage between undervaluation and service sector performance. Unlike the
previous studies, we implement our strategy by employing an estimation technique
that affords us to capture both the shortrun and longrun effects of undervaluation
on a non-aggregated output, to escape aggregation bias, while taking into consideration endogeneity, heterogeneity, homogeneity as well as cross-dependency issues. The
panel auto-regressive distributed lag (ARDL) explored later, is well-known to achieve
these benefits amidst a small sample size relative to time periods (Pesaran et al. 2001)
as in our case. The majority of the existing studies have adopted techniques (e.g.,

Page 5 of 23

Nnyanzi et al. Journal of Economic Structures

(2022) 11:17

Page 6 of 23

FGLS, OLS) that fail to take into consideration these important issues, yet they affect
the reliability and consistency of the findings.

3 Empirical model, data and methodology
3.1 Empirical model

To determine the nature of exchange rate misalignment, we follow three steps as in previous studies (e.g., Rodrik 2008; Mazorodze and Tewari 2018). Step one encompasses
a calculation of the real exchange rate (RXRAT) via the purchasing power parity (PPP)
conversion factor. Specifically, step one is represented in the Eq. (1):



ln RXRATit = ln XRATit PPPit
(1)
Here i denotes country and t is time period. The exchange rate (XRAT) and PPP are
each expressed in the national currency units per US dollar. For the currency to be
termed more depreciated than the is indicated by purchasing-power parity, the value of
RXRAT would have to be greater unity.
Next, we regress he computed real exchange rate on real GDP per capita (RGDPPC)
for purposes of controlling for the Balassa-Samuelson effect, since non-traded goods
(and services) are in practice normally cheaper in poorer countries relative to rich countries (Choi et al. 2018). In consideration of this factor, the subsequent equation then
turns out to be:

ln RXRATit = 0 + 1 ln RGDPPCit + vt + εit ,

(2)

where vt is time fixed effects and εit denotes the error term. Equation (2) is estimated
using the auto regressive distributed lag (ARDL) model to take care of the lagged effect
of the dependent variable as well as RGDPPC.
In the last step, undervaluation/overvaluation (misalignment) is calculated as the
difference between the actual real exchange rate and the value of the predicted real
exchange rate. The specification is:

ln VRER_DEVit = ln RXRATit − ln RXRATit ,

(3)

where, VRER_DEV denotes valuation, which can either be under- or overvaluation. The
expression (3) enables comparison of misalignment of real exchange rate across countries as well as over time; when the value index exceeds one, the currency is said to be
undervalued; otherwise overvalued if below one. RXRAT are the predicted values of real
exchange rate (logged if non-negative).
The basic estimation equation to evaluate the effect of real exchange rate undervaluation on the one hand, and regional integration on the other, on service sector output
takes the form:

ln Yit = κ + γ ln Yit−1 + β ln UNDERVit + θ EACit + ̟ Xit + εit .

(4)

Here Yit is our dependent variable, the service sector performance, proxied by services
value added share of GDP; Yit−1 is the convergence term (i.e. initial income level); EAC is
a dummy for membership to the East African Community; the period before a country
joined the integration is considered 0, otherwise 1; X is a vector of standard fundamental
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output determinants (control variables) here limited to key sector-specific factors, viz.,
labor and capital, proxied respectively by employment in the service sector and gross
fixed capital formation.
To control for macroeconomic instability, the model also includes the rate of inflation and GDP per capital growth. In a separate variant regression, we incorporate fiscal policy and monetary policy proxied respectively by government expenditure and
money supply (M2) to examine the extent to which they mediate the observed relationship between undervaluation and service sector performance. γ , β, θ , ̟ are the slope
coefficients, while κ is the constant term; εit is the error term. A priori, we expect a positive sign on the relevant coefficient of capital since in theory investment has a positive
multiplier effect, adding up to the existing capital stock, and thereby facilitate increased
output. Similarly, in accordance with standard theory, employment is expected to positively affect sector output a priori. However, the quality of labor also matters especially
in developing countries where skilled vis a vis unskilled labor are major issues. In the
event that the latter happens to be the type of employment in dominance, an adverse
effect may not be surprising. In a separate model, and following from literature (e.g.,
Rodrik 2008), we also evaluate the impact of exchange the volatility on the service sector
to compare the outcome with the undervaluation effect.
Following the likes of Mazorodze and Tewari (2018), we test for non-linearity of the
undervaluation effect on the services sector performance, thereby determining whether
there is a threshold beyond which the regression curve changes direction. To achieve
this objective, we formulate a quadratic-form model as in Eq. (5):

Yit = θ0 + θ1 ln UNDERVit + θ2 ln UNDERV2it + θ3 ln Yit−t + φXit + εit

(5)

where:ln UNDERV2it is the squared term of real exchange rate undervaluation. The
undervaluation effect is deemed non-linear if the relevant coefficient of the linear term
(θ1) is positive while that of the non-linear term (θ2) is significantly negative. The threshold or turning point is then determined as in Checherita and Rother (2010) and Aswata
et al. (2018) inter alia, by the formula:

ln UNDERVturning - point = −θ1 2θ2 .
(6)

3.2 Data

The main focus of our study is the service sector performance here proxied by the service sector value added output as a share of GDP. The data collected spans from 1991
to 2017, where the 1990s characterize a period when the majority of the East African
countries adopted the flexible exchange rate regime post the breakdown of the Bretton
Woods system of pegged rates: Rwanda in 1995; Uganda in 1993; Kenya in 1990; and,
Tanzania in 1986. The end date 2017 is chosen based on data availability. Moreover, we
are cognizant of the launch date for the East African Community that took place in 1999
and implementation commencing in 2000. We define performance of the services sector by the service value added (% of GDP), with data extracted from World Bank World
Development Indicators (WDI 2019). Data on PPP is got from Penn World Tables, version 9.1 compiled by Feenstra et al. (2015). For the remaining variables, viz., capital,
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measured as gross capital formation as a percentage of GDP, labor, measured as employment in the services sector, inflation rate, GDP per capita, and GDP per capita growth,
data is sourced from the World Bank World Development Indicators (WDI 2019). We
performed descriptive evaluation of the data—descriptive statistics and correlation
matrix. The average performance for the service sector between 1991 and 2017 was 3.7
per cent. Similarly, the explanatory variables were found to exhibit no high correlations
(see Tables 11 and 12 in the Appendix section).
3.3 Econometric methodology
3.3.1 Cross‑sectional dependency and slope homogeneity

An important check required to perform to guide in the selection of the appropriate unit
root tests and eventual estimation technique is cross-sectional dependence test. The
possibility of cross-dependence (CD) in the model series is basically due to the observation that the countries in consideration are regionally interlinked, as well as culturally,
historically and geographically associated. Therefore, the likelihood of being affected by
any global shocks such as the recent financial crisis of 2007–2009, with possible heterogeneous impact across countries, may not be far-fetched in causing a cross-sectional
dependency type of correlation. When CD and slope heterogeneity occur, first-generation econometric methods can be biased and unreliable (Pesaran 2007). The study
employs the Breusch and Pagan (1980) LM test, Pesaran (2007) CD test and Pesaran
(2007) Scaled LM for testing the cross dependencies. On the other hand, Pesaran and
Yamagata (2008) test is employed to examine the presence of slope heterogeneity in the
data between the selected variables. The null hypothesis is ‘slope homogeneity’.
3.3.2 Panel unit root tests

Note that, before employing any estimation approach, we need to establish the order of
integration in the series. Due to the presence of cross dependence detected among the
variables, as we later show in the results, the second generation panel unit root tests,
viz., CADF and CIPS were employed. Both tests are capable of controlling the issue of
cross-section dependence.
3.3.3 Panel cointegration tests

The next step was to analyze the results of cointegration test. We perform the Kao (1999)
test of cointegration, given the short number of periods characterizing our data. The test
is performed to examine the long run relationship among the variables. The alternative
Westerlund-Edgerton test would perform better for longer time periods (Westerlund
2007). The null hypothesis of ‘No cointegration’ is tested against the alternation ‘All panels are cointegrated’.
3.3.4 Estimation technique

Panel estimations can generate unreliable results because of the existence of crosssectional dependence and slope heterogeneity issues. Therefore, the choice of an
appropriate estimation technique depends on the outcome of the latter tests. Otherwise, Models (2), (4) and (5) including their variants would be estimated using
dynamic panel data estimators such as the system generalized method of moments
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(system-GMM), autoregressive distributed models, viz., Dynamic Fixed Effects,
(DFE), Mean Group (MG), Pooled Mean Group (PMG). In case of the presence of
cross-sectional dependence (CD) in the model, the aforementioned techniques do
not take care of such issues. According to Ditzen (2019) and Chudik et al. (2015),
the issue of slope heterogeneity and CD is efficiently handled by the Cross-Sectional
ARDL (CS-ARDL) model considered a more advanced econometric approaches
rather than the traditional ARDL. As the results will show shortly, cross-sectional
dependence was rejected. We therefore employed the PMG-ARDL approach, as chosen on the basis of the Hausman test outcome. Nevertheless, for robustness purposes,
we also present results from the upgraded version of the traditional ARDL approach,
the CS-ARDL method. Both approaches cater for heterogeneity issue too. In the CSARDL approach, the economy achieves an equilibrium state as soon as the value of
the error correction mechanism (ECM) approaches − 1 [see Chudik et al. (2015), for
details on the model]. One disadvantage with the CS-ARDL method however, is that
the technique may not work in the case of small number of cross-sectional units as
these might not be enough to approximate the strong common factors, and the factor
structure in particular (Ditzen 2019).
For the lag determination, we followed the Schwarz information criterion (SIC).
Table 13 in the appendix presents the details.

4 Results and discussion
4.1 Cross‑sectional dependence test results

Based on the results in Table 1, we reject the null hypothesis of no cross-sectional
independencies at 1% significance level for each case. In other words, the models
exhibit cross-sectional independence.

4.2 Panel unit root test results

It is evident from the results in Table 2 that there is a mixture of I(0) and I(1) in the
series. This is further proof that an adoption of ARDL technique is the best choice.
Note that under the CIPS test, while services, undervaluation, labor and fiscal policy
are non-stationary at levels, the CIPS confirms that all the variables are stationary at
first difference. For the CADF test, it is only inflation and monetary policy variables
that stationary in levels; the rest are stationary at first difference.

Table 1 Cross sectional dependence tests. Source: Authors’ calculations
Test statistic

p-value

Breusch-Pagan LM

7.469

0.2796

Pesaran scaled LM a dja

0.412

0.6804

Pesaran CDa

0.1548

0.877

Under the null hypothesis of cross-section independence
a

Two-sided test
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Table 2 Tests for stationarity of the variables in levels and first difference
IPS (W-t-bar statistic)

Fisher-ADF t-statistic

CIPS

CADF

Levels
lnSERV

− 0.8475

lnUndervaluation

− 1.3179*

lnCapital
lnLabor
Growth rate

0.1030

15.1009*

0.9113

17.2629**

− 4.3042***

Inflation rate

− 4.6697***

lnFP

− 0.5133

lnMP

− 2.6850***

RER_VOL

24.4286***
24.4987***

0.5737

41.6674***
37.8584***
27.3272***
38.5898***
4.6503***

− 1.926

− 2.005

− 3.281***

− 2.087

− 2.472**

− 4.787***

− 2.172

− 2.235**

2.610***

− 2.129

− 1.904

− 2.444*

− 1.428

− 1.611

− 3.703 ***

− 1.859

− 2.492**

1.010

Difference
ΔlnSERV

− 9.3392***

ΔlnUndervaluation

− 7.7610***

ΔlnCapital

− 8.3697***

ΔlnLabor
ΔGrowth rate
ΔInflation rate
ΔlnFP

− 1.7800**

− 10.4507***

− 10.8717***

ΔlnMP
ΔRER_VOL

11.9189***
11.4524***
53.5464***
26.3347***
16.0796***
12.2638***

− 6.0183***

11.6796***

− 6.8354***

15.5047***

− 8.6033***

8.1352***

− 4.616***

− 4.745***

− 5.444***

− 3.120***

− 6.170***

− 6.026***

− 4.313***

− 5.474***
2.122***

− 3.233***

− 3.892***

− 4.056***

− 1.233***

− 3.688***

− 4.051***

− 2.484**

− 3.129***

3.610***

Lag lengths were selected automatically using the Schwarz information criterion (SIC); 2 maximum lags selected; All the
tests have as H0: non-stationarity; ∆ is the first difference operator
*, **, ***Indicate rejection of the null hypothesis at 10%, 5%, and 1%, respectively

Table 3 Kao cointegration test results. Source: Authors’ calculations

Modified Dickey-Fuller t
Dickey-Fuller t
Augmented Dickey-Fuller t
Unadjusted modified Dickey
Unadjusted Dickey-Fuller t

Statistic

p-value

− 2.5999

0.0047

− 2.6104

0.0045

− 4.2321

0.000

− 3.0454

0.0012

− 6.3423

0.000

The null hypothesis is ‘no cointegration’

For the lag determination, the optimal lag length of panel ARDL (1, 0, 0, 0, 0, 0, 0)
is chosen for both the PMG-ARDL and CS-ARDL estimations following the Schwarz
information criterion (SIC). Table 13 in the appendix presents the details.

4.3 Panel cointegration test results

The Kao (1999) cointegration test result reported in Table 3 suggested that we reject
the null hypothesis of no cointegration at 1% significance level and accept the alterative hypothesis in both cases when cointegration equation is specified by including a
trend. Based on these results, we can conclude that in the long run there exist a valid
equilibrium relationship of the selected series across countries.
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Table 4 Balassa–Samuelson effect. Source: Author calculations
Speed of adjustment
ECT
Longrun
lnGDPPC
Shortrun
D.lnGDPPC
Constant
Observations

− 0.227***

(0.008)

− 0.199***

(0.053)

− 0.382**

(0.170)

0.527***

(0.034)

104

Standard errors in parentheses
***p < 0.01
**p < 0.05
*p < 0.1

4.4 Balassa‑Samuelson effect and undervaluation

It is evident from Table 4 that the estimation of Eq. (2) yields a longrun coefficient
1 = −0.20 that is highly significant at 1% statistical level, implying that when per
capita income increases by 10%, real exchange rates appreciate by about 2%. This
is a confirmation of the Balassa-Samuelson effect, and is in line with the finding in
Rodrik (2008). The shortrun effect is, however, larger in magnitude but less significant. Specifically, a 10% increase in income is expected to result into a real exchange
rate appreciation of about 3.8%—still suggesting a strong and well-estimated BalassaSamuelson effect as aforementioned.
Our calculations, thus reveal that the period 1991–2017 was characterized on average by an undervaluation of the real exchange rate. Based on the descriptive statistics
in Table 11, the mean of UNDERVAL is 0.797, suggesting an average Undervaluation
of roughly 6.3 (i.e., the antilog of 0.797). By implication, since this value is above unity,
then we can conclude that the currency was on average undervalued.

4.5 Undervaluation and services sector performance

With regard to our first main explanatory variable, viz., undervaluation, the results
presented in Table 5 are a confirmation of our earlier hypothesis that undervaluing
the real exchange rate matters for the service sector performance. In the baseline
model (1), a 10% increase in undervaluation is expected to yield about 6.3% increase
in services sector output ceteris paribus. This finding contradicts what Njindan Iyke
(2017) documents for South Africa, but is in line with Mazorodze and Tewari (2018)
and Özyurt (2013) as well as the theoretical argument earlier on alluded to that if
an undervalued currency lowers the costs of production, then firms in the services
sector, just as in other sectors are likely to increase their investment and output.
Since the services sector in the East African Community is dominated by the tourism
subsector, where for example, arrivals increased from 3.5 million persons in 2006 to
5.7 million persons in 2017, this may not be surprising because an undervalued currency, is a ‘hook’ that attracts foreign tourists as it becomes cheaper for them to visit
the region, given that their now stronger currency can be exchanged for more local
currency.
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Table 5 Undervaluation and service sector performance. Source: Authors’ calculations
(1)
PMG-ARDL

(2)
CS-ARDL

Speed of adjustment
ECT
Longrun

− 0.346***

(0.131)

− 0.772**

(0.334)

ln Capital

0.532***

(0.116)

0.601***

(0.115)

ln Labor

− 0.279***

(0.083)

− 0.003**

(0.308)

Growth
Inflation
ln Undervaluation

− 0.001

− 0.006***

0.627***

(0.003)
(0.002)
(0.178)

− 0.010

− 0.004***

0.857***

(0.016)
(0.001)
(0.464)

Shortrun
ln Capital
ln Labor
Growth
Inflation
ln Undervaluation

− 0.052

0.088

− 0.001

0.001**

− 0.130

Constant

0.872***

Observations

104

(0.040)
(0.170)
(0.002)
(0.001)
(0.152)
(0.338)

− 0.417***

0.223

− 0.003

0.002**

− 0.139

0.214

(0.131)
(0.221)
(0.002)
(0.001)
(0.760)
(1.169)

104

Diagnostic tests
Hausman test (χ2)

5.888

Wooldridge autocorrelation
test

18.566 [0.230]

Normality test

3.16 [0.2060]

Heteroskedasticity

20.62 [0.4000]

[0.318]

–

–

Model (1) is the baseline model. The Hausman test was carried out to choose between Mean Group ARDL and PMG-ARDL,
and the latter was preferred. Long-run and shortrun coefficients for PMG-ARDL (1 0 0 0 0) with lags selected based on SIC;
Standard errors in parentheses
***p < 0.01
**p < 0.05
*p < 0.1; ARDL (1 0 0 0 0)

In corroboration of our finding, the results from the alternative estimation technique
in (CS-ARDL) specification (2), emphasize the positive effect of an increase in undervaluation on the services sector output. One important observation here is that the relevant
coefficient is bigger in magnitude (0.857) but equally significant at 1% level. In either the
baseline model estimated by the PMG-ARDL estimator nor a similar model estimated
by the CS-ARDL estimator, we fail to find evidence of the shortrun undervaluation effect
on the service sector performance. From the sectoral perspective, our findings render
support for an undervalued-led-growth propagated in inter alia, Seraj and Coskuner
(2021), Habib et al. (2017).
Besides undervaluation, the fundamental factors considered as controls reveal additional information. As expected, capital accumulation is positively associated with service sector output. Specifically, in the longrun, a 1% increase in investment is observed
to enhance service sector performance by 0.532% ceteris paribus. This finding is robust
under the alternative estimator in Column (2), with equal significance at 1% level, and
consistent with previous studies (e.g., Njindan Iyke 2017; Mazorodze and Tewari 2018).
However, contrary to our expectation, the relevant coefficient on labor is negative and
highly significant at 1% in both the baseline model (1) and the alternative specification
(2). A 1% increase in employment is likely to produce 0.279% reduction in the service
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sector output. The explanation for the unexpected result could lie in the quality of labor,
particularly in terms of skills. Since our measure captures quantity and not the quality
of employment, the finding may not be surprising. In fact, in Mazorodze and Tewari
(2018), though the coefficient on labor is reported positive the effect is only statistically
significant in two out of four cases. In skill-intensive service sectors such as finance and
information technology, employing low-skilled labor could worsen sector productivity.
One would rightly argue that in the EAC, the period 1991–2017, ceteris paribus, the service sector depended mostly on capital accumulation as opposed to employment for its
overall performance. The negative employment effect can also be traced in Njindan Iyke
(2017), where the proxy (population) used is negative though insignificant.
The effect of inflation on the sector is similarly negative and significant at 1% level in
the longrun, while positive but weakly significant at 10%, in the shortrun. In the former
case, with a 1-unit increase in inflation rate, the service sector performance would be
expected to reduce by about 0.6%, for the PMG-ARDL results, and 0.4 for the CS-ARDL
alternative estimator. On the other hand, a similar increase in inflation would produce a
positive marginal effect of 0.1% in the shortrun. In essence, inflation is found detrimental to the service sector in the longrun but beneficial in the shortrun. The finding is consistent with what Elbadawi et al. (2012) report.
4.6 Regional integration and the service sector performance

Turning to our second major explanatory variable, the results presented in Table 6,
show that contrary to our expectation, in the longrun, regional integration exhibited
a direct deleterious effect on the service sector performance member countries of the
EAC during the period under study. In the longrun, a one-unit increase in regional integration, would facilitate a reduction in the service sector performance by about 23.4%,
[exp(0.21)], where the relevant coefficient is significant at 1%. However, in the shortrun,
the direct effect of regional integration is significantly positive. Specifically, it can be said
that service sector performance will be 10.6% [exp(0.101)] higher for member countries
in EAC than for those outside. The finding is significant at 5% level and is supported by
the results from the cross-sectional ARDL estimator albeit with a lower effect in absolute terms. Here, for a 1-unit increase in regional integration, we expect to see about a
6.7% increase in the service sector performance, since exp(0.065) = 1.067. This finding is
consistent with earlier studies by Rouis and Tabor (2012), Gluezmann et al. (2012).
4.7 Regional integration, fiscal and monetary policy interactions with undervaluation

We further tested for the conditional effects of undervaluation on service sector performance by introducing three interactions separately. In Table 6, the total marginal effect
of undervaluation on the service sector performance in the presence of regional integration is about 1.145 [i.e., 0.682 + 0.769(0.602)], where the sample mean of EAC is 0.602.
This result is greater than the marginal effect of undervaluation of 0.756 when no interaction is considered in Column (1), suggesting a moderating role of regional integration
in the undervaluation-services linkage in the longrun. In concrete terms, a sample mean
of regional integration of 0.602 implies that a 50% undervaluation results into a service
sector performance of 0.57% points on average (50% * 1.145). This evidence is a confirmation of the importance of regional integration on economic performance for the East
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Table 6 Regional integration effect. Source: Author calculations
(1)
PMG-ARDL
EAC

(2)
PMG-ARDL
UNDERV*EAC

(3)
CS-ARDL
EAC

(4)
CS-ARDL
UNDERV*EAC

Speed of adjustment
ECT
Long run

− 0.252*

(0.139)

− 0.250*

(0.144) − 0.894**
(0.249) 0.078**

ln Capital

1.242***

(0.240)

1.474***

ln Labour

− 0.479***

(0.105)

− 0.501*** (0.112) − 0.093**

Growth
Inflation

− 0.003

− 0.005**

(0.003)
(0.002)

ln Undervaluation

0.756***

(0.213)

EAC

− 0.210***

(0.074)

UNDERV_
EAC

− 0.003

− 0.005**

0.682***

− 0.885*

0.769

(0.003) 0.002

(0.002) − 0.006**

(0.424) − 0.433*** (0.156)
(0.789) 0.396**

(0.644)

(0.853) − 0.079*

(0.045)

(0.042) − 0.004

(0.007) − 0.006*

(0.206) 0.909**

(0.227) 0.576*

(0.460) − 0.143**

(0.005) − 0.775*

(0.569)

0.656*

(0.009)
(0.005)
(0.689)
(0.778)
(0.672)

Short run
ln Capital
ln Labour

− 0.176***

0.160

(0.039)
(0.419)

− 0.243*** (0.093) − 0.250*** (0.069) − 0.256**

0.202

(0.903) 0.211

(0.082)
(0.255)

Growth

0.000

(0.002)

(0.003) 0.000

(0.005) 0.001

(0.002)

Inflation

0.001*

(0.001)

0.001

(0.001) 0.002*

(0.001) 0.001*

(0.002)

ln Undervaluation

− 0.012

(0.199)

− 0.078

(0.526) − 0.617*

(0.322) − 0.087

(0.657)

EAC

0.101**

(0.046)

0.489

(0.726) 0.033***

(0.060) 0.777**

(0.898)

− 0.486

(0.880)

− 0.789

(0.331)

0.103

(0.083) 0.907***

(0.233) 0.867***

(0.240)

UNDERV_
EAC
Constant

0.245*

Observations

104

(0.149)

− 0.000

(0.348) 0.669

104

104

104

Diagnostic tests
Hausman
test (χ2)

10.60

[0.101]

6.41

[0.202] −

−

−

−

Wooldridge 18.069 [0.2390] 28.32 [0.132]
Autocorrelation test
Normality
test

2.99 [0.2238]

Heteroske18.00 [0.1200]
dasticity test

4.49 [0.1060]
27.73 [0.1021]

PMG-ARDL model is the baseline model. PMG/ARDL (1 0 0 0 0); The Hausman test was carried out to choose between Mean
Group ARDL and PMG-ARDL, and the latter was preferred. Standard errors in parentheses
***p < 0.01
**p < 0.05
*p < 0.1

African countries as reported in Bong and Premaratne (2018) and te Velde (2011). To be
more specific, given a 50% undervaluation, with every 10% increase in regional integration, the marginal effect on the services sector performance is amplified by about 3.8%
points on average (0.5 * 0.1 * 0.769). Muriuki and Kosimbei (2015) document a similar
finding.
Additionally, as evident in Table 7, in the presence of an accommodating monetary
policy, here proxied by money supply (M2), the total marginal effect of undervaluation
on the service sector output is about 0.3, instead of 7.9 if money supply changes are not
considered a conditional factor. The drop is large in magnitude but the effect maintains
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Table 7 Fiscal and Monetary policy interaction effects on the service sector performance. Source:
Authors’ calculations
(1)
PMG-ARDL

(2)
PMG-ARDL

(3)
CS-ARDL

(4)
CS-ARDL

FP

MP

FP

MP

Speed of adjust- ARDL (1 0 0 0 0 0 0)
ment
ECT

− 0.432***

(0.152)

− 0.345**

(0.159)

− 0.445***

(0.071)

− 0.397***

(0.077)

ln Capital

0.557***

(0.080)

0.005

(0.125)

0.676**

(0.254)

− 0.226***

(0.047)

(0.103)

0.775*

(0.319)

(0.002)

0.015**

(0.007)

0.017

(0.002)

− 0.572**

(0.194)

0.002

− 0.014

− 0.428*

(0.205)

ln Labour

− 0.002**

(0.001)

(0.001)

(1.396)

− 0.000

(0.001)

3.414**

− 0.003*

0.191*

(0.064)

lnFP

1.325***

(0.354)

0.352**

(0.227)

ln Undervaluation *
lnFP

− 1.314**

(0.510)

− 1.015**

(0.985)

Longrun

Growth
Inflation
ln Undervaluation

7.878***

(1.815)

− 0.003

(0.009)

0.001

(0.003)

0.808**

(0.767)

lnMP

2.092***

(0.520)

1.479**

(0.209)

ln Undervaluation *
lnMP

− 2.448***

(0.658)

− 1.300**

(0.666)

− 0.036

(0.104)

− 0.537*

(0.206)

− 0.004*

(0.002)

− 0.002*

(0.004)

− 7.120

(8.199)

Shortrun
ln Capital

− 0.109***

(0.021)

0.056

(0.349)

− 0.002

(0.002)

0.001

(0.001)

ln Undervaluation

− 0.362

(1.410)

ln Undervaluation *
lnFP

− 0.165

(0.486)

lnFP

0.067

(0.543)

ln Labour
Growth
Inflation

ln Undervaluation *
lnMP
lnMP
Constant

− 0.292***

(0.105)

Hausman
test (χ2)

7.17

[0.411]

Wooldridge
Autocorrelation test

24.729 [0.1561]

20.925 [0.1960]

Normality
test

2.19 [0.3346]

1.32 [0.5173]

Heteroskedasticity test

25.09 [0.0110]

21.41 [0.091]

Observations

104

− 0.237*

(0.139)

− 0.000

(0.001)

− 1.880

(2.016)

2.339

(2.561)

− 0.995**

(0.448)

7.81

[0.349]

104

− 0.428*

(0.122)

0.775*

(0.306)

− 0.017

(0.002)

− 0.000

(0.003)

− 0.352

(1.091)

− 0.340

(0.338)

0.522

(0.425)

− 0.766

(0.735)

−

−

104

− 1.028*

(0.514)

− 0.001

(0.001)

− 0.789

(0.711)

− 1.128

(0.360)

1.040

(0.138)

1.305*

(0.677)

104

Diagnostic tests
−

−

The Hausman test was carried out to choose between Mean Group ARDL and PMG-ARDL, and the latter was preferred. FP,
MP denote fiscal policy and monetary policy respectively. All variables are in log form except Growth and inflation. Standard
errors in parentheses
***p < 0.01
**p < 0.05
*p < 0.1
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positivity of the association between the undervaluation and service sector output. This
result is supported by the outcomes from the alternative CS-ARDL technique, but also
consistent with earlier documentation in Goldfajn and Gupta (2003). On the other hand,
a mitigation of an expansionary fiscal policy, here proxied by government expenditure,
leads the total marginal undervaluation effect to be negative (− 0.0024), and significantly
lower than 3.4 when we fiscal policy is a constant. It could be argued as in Steinberg
(2015), that since expansionary fiscal policies typically increase inflation, and inflation
appreciates the real exchange rate, undervaluation tends to be inconsistent with expansionary fiscal policies, thereby suggesting a reduced effect of the former on services
sector output in the presence of the latter. Therefore, keeping the exchange rate undervalued for purposes of improving the service sector performance would require maintenance of relatively conservative fiscal policies.
On the contrary, the effectiveness of the monetary policy in controlling the undervaluation effects on the service sector performance in the longrun without doing away with
the benefits of exchange rate overshooting on the sector, is clearly visible in the findings based on Column 2. Whereas a tight monetary policy could facilitate the reversal of
currency undervaluation through nominal appreciation (Goldfajn and Gupta 2003), it is
arguably possible that an accommodative monetary policy via increasing money supply,
would produce positive moderating effects on the linkage between currency undervaluation and service sector output in the longrun.
4.8 Non‑linear effects of exchange rate misalignment on service sector performance

From Table 8, the coefficient on undervaluation is positive, while that of the non-linear term is significantly negative, suggesting a non-linear relationship between real
exchange rate undervaluation and service sector performance that follows an inverted
U-shaped curve, as reported in previous studies (e.g., Mazordize and Tewari 2019; Aguirre and Calderón 2005). Similarly, Rapetti et al. (2012) finds the relationship between
RER undervaluation and per capita GDP to be non-monotonic in the least developed
countries. Our results suggest that when real exchange rate undervaluation reaches a
threshold of 6.3 (the antilog of 0.8 derived in turn from Eq. (6) and based on Model (2)
of Table 8), which is considered too high, the effect on service sector performance turns
out to be negative but when it is small or moderate (from 1 to less than 6.3), it can be key
in enhancing the sector. Nevertheless, it is important to emphasize here that thresholds
are sometimes sensitive to the time dimension, the variables used, the set of countries
under consideration as well as their economic characteristics (Panizza and Presbitero
2013; Égert 2015). Therefore, the threshold level reported here ought to be interpreted
with some caution. Our results are robust to alternative technique used here, the CSARDL approach. The finding is, however, consistent with an earlier study by Rapetti
et al. (2012).
4.9 Real exchange rate volatility and the service sector performance

In line with our expectations, the exchange rate volatility is here found to adversely
affect the service sector performance in the longrun, according to our baseline results in
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Table 8 Nonlinearities of undervaluation and service sector performance. Source: Authors’
calculations
(1)
PMG-ARDL

(2)
PMG-ARDL

(3)
CS-ARDL

(4)
CS-ARDL

Speed of adjustment
ECT

− 0.318***

(0.092)

ln Capital

0.458***

ln Labour

− 0.262***
− 0.006***

(0.002)

Longrun

− 0.208***

(0.026)

Growth
Inflation

− 0.942**

(0.358)

(0.113)

0.274**

(0.071)

(0.081)

− 0.030**

(0.953)

− 0.007*

(0.004)

− 0.624***

(0.115)

− 0.001*

(0.047)

− 0.003**

(0.007)

ln Undervaluation

8.275**

(3.350)

6.916**

(3.041)

10.853***

(1.993)

10.270**

(5.303)

ln
Undervaluation2

− 4.947**

(2.177)

− 4.296**

(2.089)

− 6.644***

(1.325)

− 5.951**

(3.974)

− 0.079***

(0.012)
(0.206)

− 0.242**

(0.114)

0.083

0.043

(0.207)

− 0.000

(0.002)

(0.011)

0.001***

(0.000)

− 0.008

0.000***

(0.001)

Short run
ln Capital
ln Labour
Growth
Inflation
ln Undervaluation

− 4.040

(3.958)

− 3.126

(2.632)

− 0.129

(0.334)

0.716

(0.424)

ln
Undervaluation2

2.253

(2.400)

1.642

(1.570)

3.519

(3.990)

− 0.501

(8.673)

Constant

0.077***

(0.018)

0.152***

(0.054)

1.437

(3.506)

4.215

(4.895)

Observations

104

104

104

104

−

−

Diagnostic tests
Hausman test (χ2, 1.23
p-value)
Wooldridge
Autocorrelation
test

6.504 [0.269]

[0.5404]

2.87

[0.476]

18.119 [0.2381]

Normality test

0.94 [0.625]

3.75 [0.1531]

Heteroscedasticity test

121.27 [0.241]

25.09 [0.1110]

The Hausman test was carried out to choose between Mean Group ARDL and PMG-ARDL, and the latter was preferred.
“ln Undervaluation2” is the square of the log of undervaluation; All variables are in log form except Growth and inflation;
Standard errors in parentheses
***p < 0.01
**p < 0.05
*p < 0.1; ARDL (1 0 0 0 0 0)

Table 9, Column (1). It is expected that a 1% increase in volatility would lead to a reduction in service sector performance by about 0.492%, which effect is significant at 5 level.
Note here that in terms of magnitude and significance, the longrun undervaluation effect
outperforms the volatility effect though the direction differs. The results obtained from
the alternative estimation technique, the CS-ARDL approach, are substantially similar.
But also an earlier study by Njindan Iyke (2017) equally reports a similar finding for the
South Sudanese economy.

Nnyanzi et al. Journal of Economic Structures

(2022) 11:17

Page 18 of 23

Table 9 Real exchange volatility and the services sector performance. Source: Authors’
computations
(1)
PMG-ARDL

(2)
CS-ARDL

Speed of adjustment
ECT
Longrun

− 0.297**

(0.148)

− 0.375***

(0.138)

ln Capital

0.366***

(0.113)

0.301**

(0.287)

ln Labor

− 0.187**

(0.082)

− 0.102**

(0.533)

Growth

0.003

(0.003)

0.030

(0.004)

Inflation

− 0.007***

(0.002)

− 0.002*

(0.003)

ln RER_VOL
Shortrun
ln Capital
ln Labor
Growth
Inflation
ln RER_VOL

− 0.492**
− 0.008

0.055

− 0.002

0.001**

(0.215)
(0.050)
(0.173)
(0.002)
(0.001)

− 0.201*
− 0.003*

0.012

− 0.001

0.002*

(0.161)
(0.034)
(0.122)
(0.003)
(0.001)

0.215

(0.187)

0.171

(0.120)

Constant

0.980**

(0.497)

0.863***

(0.756)

Observations

104

104

Diagnostic tests
Hausman test (χ2, p-value)

6.02

Auto-correlation test

21.496 [0.1891]

Normality test

2.79 [0.2474]

Heteroscedasticity test

40.17 [0.1211]

[0.3046]

−

The Hausman test was carried out to choose between Mean Group ARDL and PMG-ARDL, and the latter was preferred.
REL_VOL denotes real exchange rate volatility, calculated as ratio of the standard deviation to the mean; Standard errors in
parentheses
***p < 0.01
**p < 0.05
*p < 0.1; ARDL (1 0 0 0 0)

4.10 Sensitivity analysis

According to Woodford (2009) the Balassa–Samuelson effect adjusted measure of undervaluation that hinges on regressing the real exchange rate on GDP per capita, suffers from
measurement error thereby presenting the possibility of an exaggerated outcome in tracking its effect on growth. We therefore present results for the undervaluation measure not
adjusted for the Balassa–Samuelson effect in Table 10 to check for the sensitivity of our
findings. In confirmation of Woodford’s (2009) argument, the relevant coefficient on the
unadjusted undervaluation index is significantly smaller (0.297) than in the previous model
with an adjusted measure in Table 5, where the coefficient is almost double (0.627). Results
from the CS-ARDL estimator in Column (2) render support for this finding, providing a
positive effect equivalent to 0.430% increase in the services sector output in response to
a 1% increase in an unadjusted undervaluation measure. The PMG-ARDL result is significantly lower than the 0.756 previously recorded for the adjusted undervaluation index
in Table 5. Although the robustness check unveils a substantial reduction in the effect of

Nnyanzi et al. Journal of Economic Structures

(2022) 11:17

Page 19 of 23

Table 10 Effect of an unadjusted undervaluation measure on service sector. Source: Authors’
computations
(1)
PMG-ARDL

(2)
CS-ARDL

Speed of adjustment
ECT
Longrun

− 0.385***

(0.127)

− 0.732*

(0.415)

ln Capital

0.602***

(0.112)

0.693***

(0.202)

ln Labor

− 0.244***

(0.075)

− 0.032**

(0.281)

Growth

0.001

(0.003)

Inflation

− 0.006***

(0.002)

ln Undervaluation

0.297***

(0.072)

− 0.003

− 0.004**

0.430**

(0.012)
(0.000)
(0.197)

Shortrun
ln Capital
ln Labor
Growth
Inflation
ln Undervaluation

− 0.068

0.107

− 0.002

0.001**

− 0.070

Constant

0.929***

Observations

104

(0.046)
(0.170)
(0.002)
(0.001)

− 0.472

0.123

− 0.002

0.002*

(0.138)
(0.240)
(0.001)
(0.001)

(0.052)

0.279

(0.295)

(0.316)

0.392**

(0.607)

104

Diagnostic tests
Hausman test (χ2, p-value)

3.63

Wooldridge Autocorrelation test [p-value]

25.37 [0.151]

Normality test [p-value]

3.57 [0.1679]

Heteroscedasticity test [p-value]

14.17 [0.090]

[0.3046]

−

−

The Hausman test was carried out to choose between Mean Group ARDL and PMG-ARDL, and the latter was preferred.
Standard errors in parentheses
***p < 0.01
**p < 0.05
*p < 0.1; ARDL (1 0 0 0 0)

undervaluation on services sector performance, implying an exaggerated impact of the
Rodrik’s (2008) adjusted undervaluation measure on the services sector output, the relevant
coefficients are still positive and significant at 1% level in the longrun.

5 Concluding remarks
The present study reveals several important findings. First, contrary to the argument
that non-tradable sector does not gain from undervaluation, the current study confirms
the importance of an undervalued currency in propelling the service sector performance for the selected East African countries in the long run. Other factors constant,
a 10% increase in undervaluation is expected to yield about 6.3% increase in services
sector output. However, exchange volatility is found to impact negatively on service sector performance. These findings are robust to alternative estimation technique as well
as to the employment of a different measure of undervaluation that is not adjusted for
the Balassa-Samuelson effect. Earlier studies (e.g., Seraj and Coskuner 2021; Habib et al.
2017; Özyurt 2013) have documented similar findings. The relationship is between
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currency undervaluation and service sector performance is notably found to follow an
inverted U-shaped curve. This non-linearity test result reveals that beyond a threshold
of about 6.3, the undervaluation effect turns out negative, otherwise smaller and moderate undervaluation from about 1–6.3 is still good for the service sector development in
the selected EAC countries. A previous work by Rapetti et al. (2012) as well as Mazorodze and Tewari (2018) have reported similar findings. The second conclusion is that
regional integration is crucial for the services sector performance. However, the effect
differs between the long run and short run. While in the short run we observe a positive direct effect, the opposite is the case for the long run results. A deeper analysis
reveals that in the long run, regional integration plays a key moderating role in the relationship between undervaluation and the service sector performance. These findings
are consistent with earlier works by Bong and Premaratne (2018) and te Velde (2011)
inter alia. Relatedly, both the accommodating monetary policy, as well as an expansionary fiscal policy, respectively proxied by money supply and government expenditure, are
found important in mitigating this relationship. This finding does not differ from what is
reported in the earlier study by Goldfajn and Gupta (2003).
Given these findings, it is important to design and promote policies that would keep
local currencies undervalued if unleashing the potential of the service sector performance is to be realized to full capacity. More importantly, however, policies that would
help promote the underlying catalysts of undervaluation may be deemed more desirable than policies that directly support undervaluation for purposes of the service sector
expansion. In addition, efforts to further deepen regional integration should be supported. Meanwhile, member countries could help facilitate undervaluation policies with
well-calculated monetary and fiscal policies in the effort to propel their indirect effect
on service sector contribution to GDP, without neglecting the other sectors such as the
manufacturing sector. In doing all this, however, the UNECA’s (2018) warning against
excessive dependence on the services sector at the expense of the manufacturing sector ought to be taken seriously, as the former may not generate sufficient employment
opportunities to sustain inclusive growth as manufacturing sector would. Similarly, policies to curtail exchange rate volatility would go a long way in promoting the service sector in the region.
Future studies could focus on the comparison among different types of service sectors
in terms of the undervaluation effect for East African countries. It would also be interesting to delve deeper into what actually drives real exchange rate undervaluation in the
region, given its empirical significance in precipitating service sector performance.

Appendix
See Tables 11, 12, 13.
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Table 11 Descriptive statistics
N

St. Dev.

Mean

Median

Min.

Max.

Skewness

ln SERVICE

108

0.143

3.748

3.811

3.37

3.952

ln Capital

108

0.27

3.01

2.984

2.301

3.585

ln Labor

108

0.47

3.027

3.112

2.11

3.719

ln Undervaluation

108

0.085

0.797

0.811

0.424

0.943

Inflation

108

11.188

11.361

8.299

67.2

Growth

108

6.597

2.541

3.021

− 6.351

EAC

108

0.492

0.602

1

Monetary Policy

108

0.381

3.084

Fiscal Policy

108

0.253

2.554

− 47.503

37.536

0

1

3.044

2.159

3.767

2.609

2.015

2.977

Kurtosis

t-value

− 0.875

2.351

272.01

0.214

2.506

115.87

− 0.416

2.183

66.895

− 1.324

5.539

97.102

2.168

9.467

10.553

− 2.661

38.856

4.003

− 0.416

1.173

12.718

0.169

2.318

84.207

− 0.33

2.186

104.915

Table 12 Pairwise correlation of explanatory variables. Source: Author’s computations based on
data from various sources
ln Capital ln Labor ln Undervaluation Inflation Growth
ln Capital

1

ln Labor

0.3081

0.5468

Inflation

− 0.1404 − 0.0014

1
− 0.3897 0.0928

− 0.1014

0.1243

EAC

0.6262

Monetary policy
Fiscal policy

MP

FP

1

ln Undervaluation 0.4046
Growth

EAC

1

− 0.0744 0.0946

0.0212

0.4443

0.345

1

0.1458

0.7109

0.5232

− 0.3184

0.0716

0.1598

− 0.1262 − 0.1765 0.323

1
1

− 0.1623 − 0.0472 − 0.1965 0.3225 1

MP, FP and EAC, respectively stand for monetary policy (money supply), fiscal policy (government expenditure), and East
African Community that proxies regional integration

Table 13 Panel ARDL Lag determination. Source: Author calculations
e(lags)[1,8]

r1

ln Service

ln Capital

ln Labor

Growth

inflation

ln Undervaluation

ln MP

ln FP

1

0

0

0

0

0

0

0

Lags selected based on the Schwarz information criterion (SIC)
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