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Abstract

Despite an increasing number of empirical studies on the Dutch disease in developing countries and the
evidence that oil revenues tend to appreciate the real exchange rate, there are very few existing discussions
about the definition of real exchange rates. This article intends to fill this gap by using different proxies of
the real exchange rate and differentiating the internal and external real exchange rates for the agricultural
and manufacturing sectors. Using Pooled- Mean- Group and Mean- Group estimates on a panel of nine
African net oil- exporting countries, results show a clear appreciation of the exchange rates generated by
an increase in oil revenues or international oil prices, except for the internal real exchange rate for
manufacturing goods. This could imply that, in these African countries, oil revenues affect the
competitiveness of agricultural sectors more clearly than the manufacturing ones. This article also tests
potential cross-section dependence by implementing a Cross-sectionally augmented version of the Pooled-
Mean-Group, which overall supports the previous results.

Keywords: Dutch disease, Oil revenues, Pooled- Mean- Group estimator, Equilibrium real exchange rate,
Africa.



1. Introduction

There is an ample literature related to the role that natural resources, especially oil, can play in explaining
the absence of growth-producing structural transformations in developing countries, particularly in Africa.
This question is even more prevalent today, due to the numerous discoveries in the 2010s all around the
continent of new reserves of oil (Niger and the Mozambique Channel at the beginning of the 2010 decade,
Senegal in the mid-2010s...) and gas (Egypt in the first half of the decade). One of the most common
explanation for this phenomenon is the so-called Dutch disease (DD) effect, a widely known phenomenon
that has been extensively discussed in the theoretical and empirical literature since the first models
developed in the early 1980s. This concept implies that natural resources tend to appreciate the real exchange
rate (RER) through several channels which in return reduces the competitiveness of the non-resource
tradable sector. Yet, despite the extensive literature on the subject, the question of the definition of RER has
often been neglected in empirical analyses. Indeed, one can broadly distinguish between two types of
measures: the “internal” RER from the model of Corden and Neary (1982), defined as the ratio of the price
of non-tradable to tradable products, and the “external” RER, defined as the ratio of domestic to foreign
prices. This distinction is important because those two indicators can be interpreted differently. The
“internal” RER is a measure of the profitability differential between sectors, and hence explains structural
transformations, whereas the “external” RER measures the external competitiveness of a country’s
production, explaining declining export revenues in the non-resource sectors. Thus, both may not show the
same patterns over time, especially when a boom occurs, while most empirical studies use only the external
definition of the RER, even when they directly refer to the Corden-Neary model as the core theoretical
model. There is then a clear and quite surprising gap between the importance of the discussion related to
exchange rates in the early theoretical literature, and the empirical literature in which the external definition
is predominant and in which the difference between both approaches is hardly ever discussed. This gap can
be explained by three reasons. First, the external exchange rate has now become the canonical definition of
the exchange rate in the economic literature. Second, even though their definitions differ, there is a direct
mathematical relationship between the two RER. Finally, while several institutions (World Bank, IMF,
UNCTAD...) provide measures of the external RER, reliable data for internal RER are much more difficult
to obtain. This remark is particularly true for developing countries, which have attracted most of the interest
in the Dutch disease literature for the last two decades.

This paper intends to fill this gap by determining whether oil revenues have been associated in Africa with
an appreciation of the external real exchange rate, with an appreciation of the internal real exchange rate, or
both. Using a panel of nine African oil-exporting countries between 1995 and 2017, we investigate the long-
and short-run impacts of oil revenues on five different exchange rate indicators. These indicators correspond
to the traditional real effective exchange rate and to four additional exchange rates computed as internal and
external exchange rates for the main agricultural and the main manufacturing exports. The choice of using
two indicators for each RER helps to strengthen the results and contributes to understanding which export
sectors are more likely to suffer from Dutch disease consequences. For this analysis, we apply the Pooled-
Mean-Group estimator proposed by Pesaran et al. (1999) to the panel dataset and test its robustness by using
the Mean-Group estimators. We also use two different explanatory variables: oil rents expressed in % of
total GDP and the international price of oil. Finally, we account for potential cross-sectional dependence by
applying the Cross-Sectionally Augmented Pooled-Mean-Group estimator.

The panel data estimation reveals a clear and significant appreciation of the external RER caused by oil
revenues in the sample. Regarding internal measures of the RER, only the variable for agriculture clearly
reveals the presence of a disease while the other variable provides mixed results, implying that oil revenues
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could have more “de-agriculturalization” than “de-industrialization” effects in our panel.

The contribution of this article to the existing literature is threefold. First, it is the only attempt to investigate
the effects of DD on different RER to account for the difference between internal and external exchange
rates and between manufactured and agricultural competitiveness. Second, it focuses on a panel of nine net
oil-exporting African countries, while empirical analyses of Dutch disease in Africa have focused on
countries or on specific areas (such as Northern Africa or the CFA Franc Zone). Finally, this study exploits
brand new indicators of RER. This last point is of special interest in the analysis of internal RER, due to the
frequent lack of data in developing countries.

In a first step, we briefly review the theoretical and empirical literature relative to the impact of natural
resource revenues on the RER and link the Dutch disease models with the literature relative to the
determinants of long-run equilibrium exchange rate (section 2). Then, we detail the two definitions of the
RER given in this article and discuss the relationship between them (section 3). Third, we describe the
source of the data and justify the variables used in this paper (section 4). Then, we detail the econometric
specifications and analyse the results (section 5). The last section concludes and comments on the main
limitations of the analysis (section 6).

2. A Short Review of Theoretical and Empirical Literature

This section presents the theoretical and empirical literature relative to the Dutch disease and equilibrium
exchange rates. It first describes the theoretical models of Dutch disease and the equilibrium exchange rate
approach that will be used in this article. Then, it aims to provide an overview of the empirical evidence that
resource revenues can generate an appreciation of the exchange rate through a Dutch disease mechanism in
developing countries, with a focus on Africa.

2.1 The Models of Dutch Disease

The term “Dutch disease” was used for the first time by the journal The Economist to describe the
appreciation of the RER and the subsequent decline in competitiveness of the manufacturing sector in the
Netherlands caused by gas exports during the 1960s and 1970s. Following this, a large theoretical literature
has emerged in the early 1980s to explain this phenomenon with different assumptions, theoretical
foundations and definitions. However, empirical studies almost always refer to the so-called model of
Corden-Neary (Corden and Neary, 1982) as the seminal theoretical model of Dutch disease. In that model,
a boom in natural resources generates an exchange rate appreciation through two main channels. The first
one is the spending effect: by increasing public and private expenditures, natural resources revenues lead to
an increase in the price of non-tradable goods, while tradable goods prices are assumed exogenous because
fixed on international markets. This leads to an appreciation of the real exchange rate, implying a decline in
the production of tradable goods and a rise in the production of non-tradable ones. The second channel of
Dutch disease is the resource-movement effect: due to its higher profitability, the resource sector attracts
workers from the non-tradable and non-resource tradable sectors, reducing in these two sectors output. In
the tradable sector where wages are assumed exogeneous, this is compensated by a decline in exports or a
rise in imports, whereas in the non-tradable sector this situation of underproduction leads to an increase in
wages and in prices. The final consequences are an absolute decline in non-resource tradable output, a
smaller absolute decline (but a relative increase) in non-tradable output, and an appreciation of the real
exchange rate. It must be noticed that that even though these two effects have the same implications for
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tradable sector and the real exchange rate, they rely on different assumptions, explaining why one can exist
without the other. For instance, the resource-movement effect typically requires the assumption of full
employment, which is unlikely to hold in many developing countries, whereas the spending effect does not.

In the model of Corden-Neary, the real exchange rate is defined as the ratio of domestic tradable to domestic
non-tradable goods (called the internal real exchange rate or IRER in the rest of this paper). However, other
definitions of the RER have been proposed in several models. For instance, Buiter and Purvis (1980) define
the RER as the ratio of domestic and foreign prices, following the currently most common definition of the
exchange rate (called the external real exchange rate or ERER in the rest of this paper), but describe only
the Spending effect. In this paper, we specifically target the link between natural resources revenues and the
different real exchange rates to compare the predictions of these different models of Dutch disease.

Another major point relative to these models is that they often assume the existence of a perfectly non-
tradable and a perfectly non-resource tradable sector, while imperfect tradability could exist in some sectors.
On the contrary, Benjamin et al. (1989) assume imperfect substitutability between foreign and domestic
goods in the tradable sectors in the Cameroonian case, considering this assumption to be more relevant when
studying developing countries. This implies that a disease could have different effects on the different
tradable sectors, depending on their level of substitutability on international markets. This question will also
be investigated here using different proxies of RER for agricultural and manufacturing products.

In most models, the appreciation of the real exchange rate after a resource boom is considered as an optimal
response considering the characteristics of the economy. However, if the boom is only temporary, either
because it is due to a temporary price increase or because the resources are exhaustible, this new equilibrium
can have a long-run negative impact on the economy, even if it can be considered as an optimal response in
the short-run. Indeed, if the non-resource tradable sector is characterized by learning-by-doing effects or
benefits from higher productivity gains in the long-run than the resource sector and/or than the non-tradable
sector, a temporary decline in this sector will generate a long-run decline in growth and the economy will
be worse-off once the resource boom has ended. Another issue comes from potential asymmetry in the
Dutch disease effect or from stickiness in the response of economic variables to the resource shocks. In that
case, an overvalued real exchange rate caused by a temporary increase in resource revenues can subsist even
after the end of the boom, at least in the short- or medium-run. Finally, exporting firms might not be able to
quickly adapt their production to real exchange rate variations. This is particularly true when the boom is
caused by an international price increase since primary commodity prices tend to be highly volatile and are
often unpredictable, generating instability of the real exchange rate and hence of non-resource tradable
production and exports. All these issues advocate for a better understanding of the main determinants of real
exchange rates to determine if natural resource revenues are one of these determinants.

2.2 The Behavioural Equilibrium Exchange Rate

Since the Purchasing Power Parity theory coming back from the first half of the 20" century, there has been
a large development of approaches aiming at capturing the concept of “equilibrium exchange rate” and
short-run misalignment. Among them, the two most popular approaches are the Fundamental Equilibrium
Exchange Rate (FEER) associated with Williamson (1994) and the Behavioural Equilibrium Exchange Rate
(BEER) proposed by Clark and MacDonald (1999). The FEER approach considers the equilibrium exchange
rate as the exchange rate that simultaneously allows for external balance sustainability (exports equal
imports) and internal balance equilibrium (the non-accelerating inflation rate of unemployment). On the
contrary, the BEER approach focuses on a list of variables that are supposed to determine the long-run value
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of the real exchange rate. As underlined by Egert et al. (2006), this approach does not rely on a theoretical
model of exchange rates but use real variables to produce long-run estimates of the real exchange rate and
estimate short-run misalignments from this long-run equilibrium. Since the paper from Clark and
MacDonald, a large theoretical and empirical literature has emerged, trying to determine the main
fundamentals of long-run real exchange rates. These fundamentals traditionally include GDP per capita or
any other variable allowing to capture the Balassa-Samuelson effect, terms of trade, trade openness, public
expenditures, investment, foreign capital inflows or net foreign assets... Even if most models of Dutch
disease do not follow the BEER approach or any specific equilibrium exchange rate approach, there has also
been a large variety of empirical studies arguing that natural resources revenues could be included in this
set of fundamentals, in line with the Dutch disease models. The BEER literature typically follows two steps.
First, estimating the equilibrium exchange rate based on a set of fundamentals. Then, computing the short-
run misalignments defined as the difference between the equilibrium exchange rate estimated as the
observed exchange rate. We are here primarily interested in assessing the impact of oil revenues on long-
run exchange rate. Hence, this study will be restricted to the first step (the determination of the long-run
equilibrium exchange rate). Finally, it is noticeable that the equilibrium exchange rate literature (either
FEER or BEER approaches) focuses on the external definition of real exchange rates, which differentiates
it from the internal exchange rate adopted by Corden and Neary (1982). Therefore, we try here to link these
two different approaches by estimating the impact of several fundamentals on five different exchange rates,
with three external and two internal exchange rates. Even if the BEER literature is based on an external
definition of the RER, we use for the determination of the internal RER equilibrium the same fundamentals
as for the external RER (i) for consistency and comparability between regression results and (ii) because
there is a direct relationship between external and internal exchange rates (see section 3).

2.3 Exchange Rate Fundamentals and the Dutch Disease in Africa

In Africa, there is an important literature relative to the understanding of exchange rate fundamentals. For
instance, Roudet et al. (2007) estimate the impact of five fundamentals (terms of trade, government
expenditures, openness, Balassa-Samuelson effect, and investment) on the exchange rate of countries of the
West African Economic and Monetary Union (WAEMU). For this, they first apply the Fully Modified
Ordinary Least Squares (FMOLS) and the Pooled-Mean-Group (PMG) strategies to estimate the equilibrium
RER for the complete panel and find similar results with both methodologies. Then, they apply the Hodrick-
Prescott filter to evaluate short-run misalignments and conclude to the presence of an overvaluation of the
RER before the devaluation of the CFA Franc in 1994. Finally, they apply the Johansen maximum likelihood
procedure and the ARDL approach to each country of the sample, allowing them to account for the
heterogeneity in the panel. Similarly, Couharde et al. (2013) estimate the long-run relationship between the
RER and a set of five fundamentals (terms of trade, Balassa-Samuelson, openness, public spending and
NFA) in a panel of thirteen CFA area country members using Dynamic OLS (DOLS) estimation. In another
type of monetary union, Candau et al. (2014) assess the impact of three fundamentals on the real exchange
rate in La Reunion Island (which as a French department belongs to the Euro Area). The fundamentals
include terms of trade, the rate of growth of GDP per capita (aiming at capturing technological progress and
hence the Balassa-Samuelson effect) and public transfers from the metropolis. The coefficient for the
Balassa-Samuelson effect appears to be insignificant but the two other variables are positively and
significantly correlated with the real exchange rate as expected. Nouira and Sekkat (2015) investigate the
impact of five fundamentals (trade openness, net capital inflows, terms of trade, country debt service,
government expenditures and Balassa-Samuelson effect) on the long-run equilibrium exchange rate using
DOLS for a panel of 51 developing countries (among which 26 African countries) over 1980-2010. They
also estimate short-run misalignments of this RER using the modified Hodrik-Prescott filter and find results
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that are overall consistent with the expectations. Finally, Khan Jaffur et al. (2020) apply an ARDL-bounds
testing approach to multiple time-series to investigate the impact of several fundamentals (terms of trade,
trade openness, real GDP per capita, investment, government expenditures, inflation, official development
assistance, net foreign assets, capital inflows and money supply) in fifteen African countries. They find
results that are overall consistent with the expectations (for instance a coefficient for trade openness negative
and significant in most countries or a positive coefficient for terms of trade or GDP per capita) but with a
large heterogeneity across countries.

In line with the DD maodel, an important strand of the literature tries to estimate the impact of resource
revenues on exchange rates, either by considering resource revenues as a fundamental like trade openness
or productivity per capita or by focusing on short-run variations caused by natural resources discoveries or
international price variations. For example, by focusing on international oil price variations in a panel of 32
developing oil-producing countries and by implementing both a first-difference and a System Generalised
Method of Moments (GMM) methodology, Arezki and Ismail (2013) observe that oil prices are positively
correlated with government spending which in return has an appreciation effect on the RER. This supports
the evidence of a Spending effect in their panel of oil-exporting countries. Coudert et al. (2015) also
investigate the impact of international commodity prices for a panel of 68 commodity exporters (including
26 developing, 37 intermediate and 5 advanced countries). Using Dynamic OLS, and accounting for cross-
sectional dependence, they estimate the impact of three variables on long-run equilibrium exchange rates
and short-run RER variations: workers productivity (the Balassa-Samuelson effect), Net Foreign Assets,
and what they call commodity Terms of Trade which aim to capture the variations of commaodity prices.
They finally conclude to an appreciation effect caused by commaodities exports, with a much stronger
coefficient in low-income countries. In a country-case perspective, Essien and Akipan investigate the impact
of a set of key fundamentals on the Nigerian equilibrium exchange rate (Essien and Akipan, 2016). They
include the Balassa-Samuelson effect, the size of M2 in the total economy, government expenditures, net
foreign assets, trade openness and the international price of oil. In line with the DD, they conclude to a
positive impact of oil prices on RER, with an average coefficient even higher than NFA, public expenditures
and money supply. Finally, it has also been argued in the literature that the Dutch disease can have other
drivers than natural resources, such as international aid or migrant remittances, but we will restrict here only
to Dutch disease effects caused by natural resources.

This article follows this empirical literature by assessing the impact of oil revenues on exchange rates in a
panel of nine oil-exporting African countries. However, the aim here is only to determine the relationship
between oil revenues and ER in oil-exporting countries. Then, the methodology implemented allows to
evaluate short-run and long-run impacts of oil revenues variations on the RER but does not aim to estimate
short-run misalignments from the equilibrium RER.

3. External and Internal Exchange Rates

The first question is the definition of the RER. Indeed, one can broadly define two different exchange rates.
The “external” real exchange rate is the most popular interpretation of the exchange rate and corresponds to
the ratio of domestic to foreign prices. On the contrary, some studies sometimes use what will be called here
an “internal” exchange rate, defined as the ratio of domestic non-tradable to domestic tradable prices. It is
noticeable that the seminal Corden-Neary model of Dutch disease never uses foreign prices but focuses only
on the internal RER (Corden and Neary, 1982), contrary to Buiter and Purvis (1980) who prefer the external
approach of the RER. However, surprisingly, most empirical studies of Dutch disease adopt the external
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RER, even when they directly refer to the model of Corden-Neary.

Here, we follow Candau et al. (2014) and define the internal and the bilateral external RER (respectively
IRER and ERER)! as:

P,
IRER; = =X €))
Pi;T
With P;.y and P;. the price indexes in non-tradable and tradable sectors respectively.
P;
ERERL] = El,] F] (2)

With Ej; ; the nominal bilateral exchange rate between the two currencies, and P; and P; the price indexes in
the countries i and j respectively. From equation 2, the external real effective exchange rate is given by:

p\Yi
EREER; = 1_[ <El-. j.—‘> 3)
AVTR
JE
With y; a weight given to each partner country j. Let us now define 4; as the share of tradables in the total

production of j with 0 < A; < 1. It follows that P; = P]AT’ * 13.;11;’1", and equation 3 becomes:
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Under the Law of One Price and assuming that the IRER of foreign countries are exogenous, a rise in the
domestic IRER implies a similar rise in the EREER. However, if these assumptions are not met, the two
RER can have different patterns over time. The rest of this paper therefore aims to estimate the impact of
oil revenues on the internal and external RER given by equations 1 and 3.

1 By convention, we chose here to express both internal and external RER such that an increase in the index means an appreciation
of the exchange rate.
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4. Data

We use annual data from several sources (FERDI-OCD, World Economic Outlook, World development
Indicators and the UNCTAD) for nine main African oil exporting countries between 1995 and 2017 to
investigate the long-run relationship between the external and internal exchange rates and the set of
fundamentals. The choice of this period corresponds to the availability of data for the different measures of
exchange rates. It also presents the advantage of including periods of booms and busts in oil prices and does
not include the devaluation that occurred in the CFA Franc Area in 1994 (which concerns four countries of
the sample: Cameroon, the Republic of Congo, Equatorial Guinea and Gabon). We selected the countries
among the main oil-producers in Africa according to the World Development Indicators. Since the empirical
methodology applied here requires a variation in oil rents across time within each country, we included only
countries which were net oil-exporters during the whole 1995-2017 period. Due to a lack of data availability
and to the political instability that could have led to poor quality of data, we excluded Libya and Sudan from
the sample, keeping nine net oil-exporting countries: Algeria, Angola, Cameroon, the Republic of Congo,
Egypt, Equatorial Guinea, Gabon, Nigeria, and Tunisia. Data sources and descriptive statistics are provided
in table 1. Graphs representing the evolution of the dependent and explanatory variables for each country
are also provided in figures 1 to 9. All variables (including price indexes used to construct ER) are annual
period-average variables. We detail in the following subsections the justification and definition of the
variables used.

4.1 The Dependent Variables

Five different variables are used to capture the effects of oil revenues in net oil-exporting countries, all of
them coming from the Sustainable Competitiveness Observatory (OCD) of the Foundation for Studies and
Research on International Development (FERDI). The first one is the traditional real effective exchange rate
as defined in equation (3) and where the weights y; attributed to each partner country correspond to the
share of non-oil trade between i and j in the total trade of the country i. This variable comes from the OCD
for comparison purposes and because of a lack of data for some countries (particularly Angola, the Republic
of Egypt and the Republic of Congo) in standard databases (such as World Development Indicators,
International Financial Statistics or the UNCTAD). The four remaining dependent variables are two internal
and two external RER, computed for agricultural and manufacturing goods separately?.

Now we present the way these four proxies have been computed®. Regarding the IRER, both indicators are
defined as:

P
IRERocp = P (5)
X

With P the consumer price index and Py = Y2_; pk Sk With py the country-specific export prices of the five

2 Agricultural products include food products either transformed or not (such as cereals, vegetables, fish, meat or dairy) as well as
primary goods produced for exports (such as coffee, rubber, tobacco or wood). Manufacturing products include transformed non-
agricultural goods. For Angola and the Republic of Congo which exports diamonds, the exchange rate variables have been computed
by the author with the four other products using the reweighted average of the index of these products so that none of the exchange
rate variables include oil or mineral products. For simplicity purpose, we will call them “agricultural” and “manufacturing” goods
from now. The goods included in each exchange rate for each product are detailed in table 2.

3 All variables used are described in OCD (2017) and can be found at https:// competitivite.ferdi.fr/. The indexes are constructed by
the FERDI based on data from the Centre d’études prospectives et d’informations internationales (CEPII) and International
Financial Statistics (IFS).
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main agricultural and five main manufactured products k exported by the country and s;, the share of each
good k among these five exports. To avoid variations in the index that would not be caused by changes in
prices but by changes in the share of each good among total exports, the weights s, attributed to each good
k are constant over time and based on the average composition of exports for the period 2008-2012.

The internal real exchange rates of the OCD are thus defined as the ratio of the consumer price index to
respectively agricultural exports prices and manufactured exports prices. This definition differs slightly
from the IRER as defined in Corden-Neary’s model (noted IRERy), but it is easily proved that they are
linked. Indeed, if we note a the share of the five main (agricultural and manufactured) exports in total
domestic tradables such that 0 < a < 1 and note Py the price index for the tradable goods that are not
among the five main exports* such that Py = PZ = Pi~%, then:

P P PN\* Py
IRERgy = -~ _N:<_N) (_N>

PT = PXa.PI}—tX PX PH
While
RER.. = P _PRPY_ PER BTN RO O
ocb — PX B PX B P)?/l'PX(l_a)A.PXa(l_A)_Px(l_a)(l_l)
_ (P 1 (p_N>a(1—/1) o
R0 R Py g
_ (PH)l—(Z (PN)OI(l—l) (PN)(l—a)(1_1)
- PX . PX . PH
Thus:

PH 1-«a
IRERycp = (P—> JIRER
X

Since Pr = PZ = PA~%, we finally obtain:
— Pr 1-2
IRERocp = 7~ IREREy (6)
X

It must be noted that the value in level for the exchange rates does not mean much, the only condition
required here is that changes in our proxy follow the same patterns as changes in the Corden-Neary internal
real exchange rate. The choice of using average prices (estimated by the Consumer Price Index) instead of
the price of non-tradables only is justified by the difficulty to differentiate perfectly non-tradable from other
products. Indeed, while theoretical models tend to distinguish perfectly non-tradable from perfectly tradable
goods, most goods are imperfectly tradable and differ in their level of tradability. In that case, it can be quite
challenging to identify a representative basket of perfectly non-tradable goods or services. This issue is more
easily dealt with for the basket of tradable goods since it is based on export prices, the most exported goods
being here assumed to be representative of the main tradable goods.

We now move to the definitions of the external real exchange rates. Like the IRER, two indexes are

4 P, includes both goods that are exported but not among the main exports and tradable but non exported goods.
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constructed, both following the same equation:

5 /10 Sk

Pk;i vi
EREROCD = El’ji (7)
3]

k=1 \j=1

with P ; the price of the good k in the country j and E;;; the bilateral nominal exchange rate between i and
j. Here, and contrary to the common definitions of the REER used by the World Bank or the IMF, the
weights attributed to each foreign country y; correspond to the share of each country j among total exports
of good k in the world for the ten main exporting countries of good k. Therefore, the weights are not based
on the partner shares of each country, but on competition between i and j. It is an important distinction from
traditional empirical studies, which often use an index based on partner shares, especially for countries that
are specialized in primary products and that do not export products to or import them from the countries
that are specialized in the same production. Since the aim is to analyse the impact of resource revenues on
external competitiveness, it seems more relevant to focus on competitors rather than trade partners. Due to
the difficulty to aggregate price data from a large sample of countries, and the high imprecision that may
result from the lack of data availability in many African countries, the index is restricted to the ten leading
exporters for each good k. Finally, the two indexes are computed as the weighted average for the five main
agricultural and the five main manufactured goods separately, with s, the shares of each good k in exports
of country i. Similarly to the IRER, the weights are constant over time and based on the shares calculated
for the period 2008-2012. A major advantage of these variables is that, by focusing only on the five main
agricultural and manufacturing exports, they do not include oil, contrary to traditional measures of the real
effective exchange rate. Graphs showing the evolution of the five exchange rates are provided in the
appendix (figures 1 to 9). As expected, they tend to have similar evolutions over time in each country, even
though there is some heterogeneity across countries. Indeed, while the five exchange rates follow very close
patterns in Angola, Egypt and Nigeria, there is a much greater variability between them in Congo or Tunisia.
We can also notice that the internal exchange rate for manufactured products is always the index which
differs the most from the four others.

4.2 The Explanatory Variables

In the Dutch disease literature, three different types of explanatory variables are used. The most
straightforward variable is the share of resources (here oil) in total GDP or total exports. This variable
presents the advantage of directly capturing the impact of resource revenues on the economy. However, it
also suffers from obvious endogeneity issues. First, for a given value of oil revenues, a poorer country will
have a higher share of oil revenues in total GDP than a richer one. Reciprocally, one can assume that a more
developed country will have more opportunities to develop a resource sector, or fewer incentives to do so,
than a developing country. In both cases, the level of economic development affects the variable used for
oil revenues. Another difficulty arising from the use of this variable is the fact that the shares of all sectors
among total GDP adds up to 100%, i.e. a sudden drop or boom in one sector generates a symmetric rise or
fall in the share of resource revenues in GDP even without any change in the resource sector, creating
obvious reverse causality issues in empirical studies. However, this issue is particularly challenging when
estimating the impact of resources on sectoral value-added, and not so much for exchange rate analysis.

The other most common strategy corresponds to the use of international prices (mainly oil prices such as
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the Brent or WTI crude oil price). The clear advantage of this variable relies on its supposed exogeneity®.
However, this proxy is also subject to some key limitations. First, resource revenues do not depend only on
prices but also on other variables such as reserves discoveries or the political will to exploit natural
resources. In that case, resource revenues can be weakly correlated with prices, making it more challenging
to detect Dutch disease effects. Second, the exogeneity assumption requires that domestic resource
production does not react to international price variations. However, a country or a firm can reduce its
production when prices are low and increase it when they are high. In that case, oil revenues tend to overreact
to oil prices movements.

A final strand of the literature relies on the timing of resource discoveries to estimate the impact of booms
in production on the RER (for instance Arezki and Ismail, 2013). This methodology allows the
implementation of different econometric strategies, such as difference-in-difference or synthetic control
methods. We will not detail this literature here since, while it is helpful to estimate the impact of large
booms, it is less useful when investigating the long-run relationships between resource revenues and
exchange rates. This methodology also tends to require larger datasets than other strategies.

We use here both oil revenues and international crude oil prices. The first one is the variable “Oil rents”
provided by the World Development Indicators and expressed in percentage of total GDP. Regarding
international oil prices, we use the Brent and the West Texas Intermediate spot oil prices, which are the two
main crude oil prices on international markets and the more likely to affect African oil prices to export. The
changes in these variables are presented in figures 1 to 9 in the appendix. Unsurprisingly, there is a clear
positive correlation between oil rents and international oil prices, even if oil rents tend to be more volatile
(which is expected since this variable is mainly determined by both international price shocks and domestic
production shocks). We can also notice heterogeneity across countries: while the changes in oil rents follow
closely the evolution of oil prices in the three northern African countries, there are more pronounced short-
run shocks of oil rents in the beginning of the period in Angola, Cameroon, Congo, Gabon and Nigeria
(these could be caused by exogenous production shocks or overreaction to price variations). Finally, we can
notice that in Equatorial Guinea oil rents started to decline not long before the peak in international prices
(due to the progressive decline in oil production).

The control variables are the traditional fundamentals of the real effective exchange rate used in the literature
on exchange rate misalignments, following the Behavioural Exchange Rate (BEER) approach. We select
here four fundamentals among the most frequent in the literature. The first fundamental is the degree of
trade openness computed as the sum of total exports and total imports expressed in % of total GDP (from
the UNCTAD). According to the theoretical and empirical literature, this index is expected to be negatively
associated with exchange rates. Indeed, higher trade barriers usually result in both lower trade openness and
higher prices, implying a negative correlation between trade openness and real exchange rates (Egert et al.,
2006). This argument is supported by several empirical studies for the external RER (Couharde et al., 2013;
Diop et al., 2018...) Regarding our proxies for the internal RER, trade openness is expected to reduce
domestic prices (the numerator) and thus the IRER.

We also include a proxy for the Balassa-Samuelson effect constructed by the FERDI-OCD as a ratio of non-
oil GDP per capita against foreign countries non-oil GDP per capita. The use of non-oil GDP is important
because (i) it captures more precisely productivity gains than total GDP and (ii) it does not include oil
resource booms (which would lead to underestimating the impact of our oil revenues variable).

51t is possible for some large oil exporters, such as Saudi Arabia, that the hypothesis of small economy is not verified. However,
this assumption holds for most countries, and particularly for African countries that are mainly small producers at the world level.
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Theoretically, the expected sign of this proxy should be positive: an increase in total productivity is
associated with an appreciation of the exchange rate. The empirical evidence in the literature is quite mixed
but suggests overall to expect a positive sign for this variable. For instance, Coudert et al. (2015) find for a
large panel of countries that an increase in productivity is associated with an appreciation in low-income
countries but not in wealthier countries.

Then, we use a variable for Net Foreign Assets expressed in % GDP (from the UNCTAD). The theoretical
literature suggests a positive relationship between NFA and exchange rates. However, empirical evidence
remains mixed. Egert et al. (2006) argue that NFA may be negatively correlated with capital inflows in the
medium-run but positively in the long-run (if foreign capital inflows are invested in the export sector, they
will increase competitiveness and boost exports in the long-run). If capital inflows tend to generate an
appreciation effect, one will observe a negative correlation between NFA and RER in the medium-run and
a positive one in the long-run. In that case, the heterogeneity in results depends mainly on the number of
periods in the sample (the size of T). In this case, the expected sign of NFA can also depend on the nature
of foreign capital inflows and on the type of sector they are invested in, which depend themselves on the
level of economic development. For instance, using a panel of countries with different levels of economic
development, Coudert et al. (2015) observe a positive impact of NFA for developing countries (and to a
lesser extent for advanced countries) but a negative coefficient for intermediate ones.

The final explanatory variable is the value of total investment (public and private) expressed in % of GDP.
There is no consensus neither in the theoretical nor in the empirical literature on the expected sign for this
variable. For instance, Diop et al. (2018) find a positive impact of investment on the RER in Senegal based
on a Johansen and an ARDL model while Saxegaard (2007) finds a negative impact for the same country.
One could expect that, in the short-run, investment plays a role in appreciating the exchange rate (like
consumption) by increasing domestic prices. However, in the long-run, investment can help firms to become
more productive and reduce prices, generating depreciation effects. This effect however depends on the
nature of investment (public or private, foreign or domestic...) and can differ across sectors.

Except for Net Foreign Assets and Oil Rents, all variables (including dependent and explanatory variables)
are in logarithms. We do not include the terms of trade (which are also a common fundamental for the
exchange rate in the empirical literature) since they could partly capture the appreciation effect of the Dutch
disease. Similarly, we do not include public expenditures. Indeed, it is often considered that Dutch disease
effects are partly driven by public spending (i.e. the spending effect): natural resources are assumed to
increase public expenditures which in return leads to an appreciation of the real exchange rate. Assessing if
Dutch disease effects are really driven by public spending (they could also be caused by private
consumption) could be of interest for future research but this lies beyond the scope of this study.

5. Methodology and Results

Based on the variables described in section 4, we want to investigate the impact of oil revenues and oil
prices on different exchange rates. This section presents and discusses these empirical results.

5.1 Integration and Co-Integration Tests

We begin by testing for the presence of unit-roots in the selected variables. For this, we apply the Panel-
data unit-root test proposed by Im, Pesaran and Shin (2003) which has proved to provide consistent estimates
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even in small samples (Hurlin and Mignon, 2005). To account for potential cross-section dependence
between countries in the variables of interest, we also use the test proposed by Pesaran (2003) which has
been specifically designed to deal with this issue. Since the Brent and the WTI oil prices are repeated time-
series, we use the simple time-series Augmented-Dickey-Fuller and Phillips-Perron unit-root tests for these
two variables. Results are reported in table 3. Both integration test results clearly indicate that all (dependent
and explanatory) variables are 1(1).

We then test for the presence of a co-integrating relationship among the variables. For this, we apply the
tests proposed by Kao (1999) and Pedroni (2004). Indeed, the Kao co-integration test has more power in
small samples than other tests (Hurlin and Mignon, 2007). It provides five statistics based on the Dickey-
Fuller and Augmented Dickey-Fuller statistics. However, the Pedroni co-integration test has more power in
samples with a fixed N and an increasing T. This test provides seven different statistics, relying on different
assumptions, and grouped into four Panel-Cointegration Statistics based on within-dimension and three
Group-Mean Cointegration Statistics based on between-dimension. Results are reported in tables 4, 5 and
6. Overall, the results show a strong rejection of the null hypothesis of the absence of co-integration for the
REER, for the two ERER and for the IRER for manufacture. Regarding the IRER for agricultural products,
only four out of seven Pedroni statistics support the rejection of the null hypothesis when the main
explanatory variable is oil rents and three for oil prices. Nevertheless, almost all statistics from Kao strongly
suggest rejecting the null hypothesis of no co-integration, which seems more than enough to accept the
hypothesis of co-integration among variables in the regressions.

5.2 Pooled-Mean-Group Estimation Results

Now, the aim is to estimate both the sign and the magnitude of the long-run relationships between each
fundamental and the outcomes. The traditional empirical literature relative to the long-run determinants of
real exchange rates in panel data has identified several econometric specifications to estimate such long-run
relationships. These methods can be divided into two groups. On one side, pooling methods consist in using
all data in the same regressions and therefore require the assumption of homogeneity of effects across
countries. On the contrary, “group-mean” specifications consist of (i) estimating the coefficients separately
for each country and (ii) averaging them. These methods do not require the homogeneity assumption but
have very low power due to the high number of coefficients to estimate. Therefore, we choose here to
implement the intermediate strategy of the Pooled Mean Group (PMG) Estimator developed by Pesaran et
al. (1999), which presents a higher power than averaging methods but requires weaker assumption than
pooling ones. Indeed, the PMG relies on the assumption that long-run coefficients are homogeneous but not
short-run coefficients. It consists of estimating the following equation:

p-1 q-1
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where y;.. is for each country i at time t computed as the logarithm of the standard RER, of the external
RER for agricultural and manufacturing goods, and of the internal RER for agricultural and manufacturing
goods. x;.. is a set of fundamentals that include our main explanatory variable and the four other control
variables presented in section 4°. The model also estimates the error-correction term, which indicates the
speed of adjustment toward the long-run equilibrium and is expected to be comprised between -1 and 0.

6 For simplicity purposes, all variables expressed in logarithms will be written in lower-case letters.
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Regressions are run first with Qil Rents and second with the two international oil prices as the main
explanatory variable. The number of lags of the short-run coefficients (p and q) is selected using the
Bayesian Information Criteria, as recommended by Pesaran et al. (1999), with a maximum lag length of 1.
Both the AIC and the BIC indicate to prefer an ARDL with one lag for the six variables in difference (one
lag for the dependent variable and for each of the five explanatory variables), except for the IRER for
manufacture with the Brent oil price (where a model without lag for NFA is preferred) and with the WTI
oil price (model without lag neither for NFA nor for investment). The coefficients are then obtained through
maximum likelihood estimation.

The PMG presents some major advantages compared to other panel data estimators. First, and contrary to a
GMM estimator, it is adapted to panel with a small N and a medium-sized T. Then, the use of lags for the
explanatory and explained variables helps to overcome potential reverse causality issues that are likely to
arise when estimating exchange rates fundamentals. Finally, this methodology allows to distinguish short-
from long-run effects. The PMG is also preferred to the Mean-Group (MG) estimator for two reasons. First,
due to the higher number of coefficients estimated in the MG specification, this strategy is very likely to
provide imprecise and insignificant results, especially in a limited size sample like ours. Second, according
to Pesaran et al. (1999), PMG estimates also tend to be less sensitive to outliers than MG ones. They
recommend comparing the long-run coefficients provided by MG and PMG specifications to ensure the
validity of the second methodology. Since the Hausman test tests the null hypothesis that the long-run
coefficients are not systematically different, and under the assumption that MG estimates are unbiased, it
results in testing the hypothesis that the long-run PMG coefficients are unbiased. If the coefficients are
observed to be significantly different from each other at 5% (if the p-value < 0.05), the PMG estimators
might be biased and Mean-Group procedures are more likely to provide consistent estimates. Otherwise, we
are inclined to prefer the PMG to the MG estimators. It must be underlined that this test is not a formal
econometric proof that the PMG is or is not unbiased but only a piece of evidence to support the idea that
the PMG results can be interpreted, since we are primarily interested in the average long-run effect of oil
revenues on the exchange rates. It can also be noted that it tests the joint difference in coefficients and not
the difference for each explanatory variable used separately.

First, we discuss the results for the classical REER that are displayed in the first column of table 7 and the
two first columns of table 8. The results are as expected, with a positive coefficient for oil rents and oil
prices. This suggests the presence of Dutch disease effects generated by oil revenue in the sample. Regarding
the other fundamentals, the results are also as expected for the Balassa-Samuelson effect (positive
coefficient) and for trade openness (negative), confirming the validity of our model. The only relatively
surprising result is that Net Foreign Assets are indicated to generate depreciating effects while we were
expecting an appreciation. Nevertheless, it is not in total contradiction with the literature since the evidence
that NFA accumulation appreciates the ER is mixed in empirical analyses (see section 4). Finally, the
coefficient associated with investment is never significant, making it difficult to interpret. Now, we turn to
the four other exchange rates.

We observe positive and highly significant correlation between oil rents and all four other exchange rates
in the long-run, supporting the Dutch disease hypothesis, both for the external and the internal approaches
(table 7). Regarding the IRER for manufacturing goods, the coefficient appears to be smaller than the three
others, probably due to a lower impact of oil rents on the manufacturing sector. However, due to the limits
of the proxy used, one must remain careful about such interpretations, and more analyses are required. In
addition, this is the only outcome for which the Hausman test suggests to reject the result. The results overall
indicate that oil revenues are an important driver of RER fluctuations, even if the coefficient is lower than
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trade openness or the Balassa-Samuelson effect. For international oil prices, the results are very similar to
the previous ones, with a positive and significant impact of the international Brent and the WTI oil prices
on the two ERER and the first IRER (table 8). However, the coefficient for manufacturing IRER, which was
previously positive and significant at 5%, becomes here negative and significant at 1% in both cases. Two
plausible explanations can be provided for this negative coefficient. First, one can assume that manufacture
products are not perfectly tradable goods in our sample of countries, or that their degree of tradability is
lower than the one of agricultural goods. Since the consumer price index used as the numerator in the
construction of this variable includes tradable-goods, a negative coefficient for the internal exchange rate
(i.e. a decrease in the ratio of aggregate prices to manufacturing goods prices) could reveal a low level of
tradability in the manufacturing sector. Indeed, if most manufacturing goods are produced for the domestic
market and/or protected from international competition (through tariffs or subsidies for instance), they may
counterintuitively be more non-tradable than tradable goods and escape Dutch disease effects. Hence, the
price increase of the tradable goods that are included in the consumer price index leads to a higher increase
in the total consumer price index than the increase in manufacturing goods only. Even if this result is in
contradiction with traditional assumptions of DD (the tradable sector being often associated with
manufacturing industries), this might apply for countries where agricultural products represent a large share
of domestic output and exports. In that case, the Dutch disease would be a concern for the agricultural sector
rather than for the manufacturing one. This is in line with the model developed by Benjamin et al. (1989)
for Cameroon which assumes that different levels of tradability can exist across the different export sectors.
Second, oil can be used as an input for the domestic production of manufacturing goods, meaning that an
exogeneous price increase in international markets raises the production costs and the prices of these goods
(even if the country is an oil-exporter since oil-producing firms sell their production at the international
market price even on domestic markets), counterbalancing the Dutch disease effects. However, the
approximation used to construct the internal exchange rates is obviously imperfect and may also partly
explain this surprising result.

Regarding the other fundamentals, the coefficients are mainly as expected. The variable for trade openness
is always negative and significant, in line with both theoretical and empirical literature. In contrast, the
Balassa-Samuelson proxy is always positive except for the external exchange rate for manufacturing
products, reinforcing the idea that agriculture and manufacture should be analysed differently when
estimating equilibrium exchange rates. Even if the coefficient for trade openness seems to be quite large
when comparing it with other main determinants such as the Balassa-Samuelson effect or investment, its
size remains reasonable. Net Foreign Assets are associated with negative and strongly significant
coefficients, confirming the results obtained with the traditional RER. However, the variable for total
investment becomes positive and strongly significant for the regression