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Measuring The Real Effective Exchange Rate (Reer) In Ghana

by

Maxwell Opoku-Afari

Abstract

The focus of this paper is on how important the definitions and measurement of the concepts
of red exchange rates are in andyticd and empirica work. This paper seeks to identify,
define and review measures of the real exchange rate for Ghana. We discuss methodol ogical
Issues surrounding the measurement of rea exchange rates, induding choosing price and cost
indices. The choice of trading partners to include, base year and the weighting scheme used
are not very important; dternative measures with different trading partners and weights move
very closdy and share a common trend in the long run. However, the choice of priceindices
matters. Ghana seems highly competitive more recently based on the GDP-deflator index but
much less so when the CPI index is used in the computation of the real exchange rate.
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1. INTRODUCTION

Andyss of the impact of policy variables on the red exchange rate of an economy is
sengtive to the type of red exchange rate index chosen. There are dternative ways of
measuring the red exchange rate and the choice of index depends very much on the
objective of study. According to Edwards (1989), the choice of price index is crucid in
computing red exchange rates, making it necessary to determine which of them is more
gppropriate for different policy objectives. For example, to capture the effect of a
productivity shock on real exchange rates, the GDP based red exchange rate index seems
idedl since that incorporates changes in productivity. However, if the objective is to measure
the impact of capita inflows on the economy as well as the international competitiveness of
the home country, then the trade weighted CHl based index is more gppropriate. This is
mainly due to the fact that capitd inflows are assumed to be distributed between the
tradables and the non-tradables sector of the receiving economy and will affect the rdative
prices of tradables and non-tradables, and thereby impact on the red exchange rate of the
home country. Also, depending on whether we are interested in export competitiveness,
import competitiveness or total international competitiveness, we can ether decide to use the
export weighted, import weighted or tota trade weighted indices respectively.

This paper will estimate the red effective exchange rate (REER) using a number of indices
for Ghana. In the paper, REER is defined as the measure of nomina exchange rates adjusted
for price differentias between the home country (Ghana) and its trading partners, and will be
examined over a period of time. Thisis dso referred to, in the literature, as the multilaterd
real exchange rate. This is different from the bilateral red exchange rate between a home
country and a specific trading partner.

To compute the REER we will have to identify the following: the range of foreign countries to
be covered as trading partners, their relative weights and the price indices to be compared.
The appropriate definition of REER varies for different policy issues (with regards to
effective exchange rate, choice of trading partners, weights and price indices). The merits
and shortcomings of the various REER indices computed for Ghanawill be discussed. Findly
the statistical properties of these indices will be analysed.
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The paper is structured as follows; section 2 will look at the concepts of real exchange rate
and real effective exchange rates, while section 3 describes the computation of REER for
Ghana (in particular looking at the choice of weights, indices and methods of averaging).
Results and discussions will be presented in section 4, with sections 5 and 6 looking at
comparison of our estimates with aternative measures of REER for Ghana and presenting the

conclusions respectively.

2. REAL EXCHANGE RATES

Theoreticdly, there are two principa definitions of red exchange rate:
In externd terms, defined as the nomind exchange rate adjusted for price leve
differences between countries, i.e as the ratio of the aggregate foreign price (or cost)
level to home country’ s aggregate price (or cost) level measured in a common currency.
In internd terms, as the ratio of the domestic price of tradable to non-tradable goods

within asingle country.

The concept of externd red exchange rate is derived from the purchasng power parity
(PPP) theory that compares two countries and the relaive prices of baskets of goods
produced (or consumed). The internd red exchange rate is an indication of domestic
resource alocation incentives in the home country. Within these two broad red exchange
rate concepts we can have severa dternative formulations or measures under different

andyticd frameworks.

The externd red exchange rate has been defined in three different waysin the literature:
That based on PPP theory. This externd red exchangerate compares the relaive vaue
of currencies through the measurement of the relative prices of foreign and domegtic
consumption or production baskets (Hinkle and Nsengiyumva, 1999), meking it
expenditure based.

1 Recently there has been afocus by the IMF on the use of relative labour cost expressed in foreign
currency (Hinkle and Montiel, 1999).
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The Munddl-Feming “one composite good” modd involves the estimation of externd
red exchange rate by defining PPP in terms of aggregate production cost of al goods,
both traded and non-traded. This makes the price index from this definition an output
price or production cost index for the economy, which is composed of exports and
goods for the domestic market, rather than the expenditure based price index suggested
by the PPP theory.

The law of one price and competitiveness in the pricing of internationaly traded goods
gpproach is aso referred to as the externa real exchange rate for traded goods (Hinkle
and Nsengiyumva 1999). Thisis defined as the rdative cost of producing traded goods,
measured in a common currency, in the home and foreign country. This is done by
adjusting the nominal exchange rate to reflect relaive prices or costsin the traded goods
sector in both home and foreign country.

Smilarly, we can have different definitions of the ‘internd real exchange rate’ based on
whether we are looking at two or multi-good models. The internd red exchange rae in this
ingance is defined as the internd reldive price incentive for producing (or consuming)
tradable goods as opposed to non-tradable goods, which makes it an indicator of domestic
resource alocation incentives in the home country. The objective of this paper is to generate
measures of the red exchange rate for assessng the macroeconomic impact of externd
shocks (capitd inflows and/or productivity shocks) and meesuring externa competitiveness
of the home country. These objectives clearly rule out the internal red exchange reate
concept. The paper will be limited to the concepts, definitions and messurements of the
externd red exchange rate in Ghana

Due to different theoretical underpinnings of the measurement of red exchange rate, one
encounters severd measurement problems. Key among these & the need to use different
empirical price and cost indices in computing the real exchange rate. These problems are
common to both industrid and developing countries, but tend to be more severe in
developing countries. Edwards (1989) noted that issues such as the existence of pardld
foreign exchange markets, substantial smuggling and unrecorded trade and wide fluctuations

in the terms of trade, trade policies and patterns, introduce complexities in the measurement
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of red exchange rate in developing countries, which are not commonly encountered in

industrid countries.

The focus of this pagper is on how important the definitions and measurement of the RER isin
andytical and empirica work. This paper seeksto:
I dentify, define and review the appropriate red exchange rate for Ghana
|dentify the various components that go into the measurement of red exchange rate
aongside methodologicd issues.

Generate different measures of red exchange rate for Ghana

To be able to generate these indices we need to identify and select:
the formula to be used.
the appropriate measures of the nominal exchange rate to be used.
the country weights and averaging method to be used. In the case of a multilatera red
exchange rates, the trading partners and their appropriate weights.
empirica counterparts of the desired theoretica (price and cost) indices2

2.1 Real Effective Exchange Rates (REER)

Acknowledging the exigence of different definitions of REER in the literature, we define
REER as the product of the nominal effective exchange rate (NEER) and the effective
relative price indices (in this ingtance the weighted wholesde price index of trading partners
and the consumer price index for the home country). This is defined in domestic currency
terms using the Arithmetic Mean (AM) method of averaging as.

REER = ék (NEER;,)(Pit/P,) D
i=1

where subscripts j, i and t represent country, trading partner and period respectively. Pi; is
the total trade3 weighted wholesale price index of the trading partners representing the price
of tradables, and P, isthe CPI of the domestic country (aproxy for price of non-tradables).

2 The first three elements are common to all approaches of defining REER but the price/cost varies
with the version of REER to be estimated.



The NEER.

;it denotes the nomind effective exchange rate for the home country with respect
to each partner i. Thisis defined as an index reflecting movements in the nomina exchange
rate between a home country and trading partners adjusted for by the respective weights of
the trading partners. Like the REER, the NEER is dso a messure of the multilateral nomina
exchange raes. The nomind effective exchange rae is dso defined in domestic currency
termsusing the AM as

NEER;; = ék W, * E; 2

i=1

where E, is the period average (see Appendix for estimates using end of period) nomind
exchange rate between the home country and each trading partner in period t, and w, isthe

appropriate total trade weight for each trading partner i(i =1,......,K) .

This choice of definition of the REER is made over the dternative definition of measuring the
multilaterd rate as the product of the weighted average of the relative price indices and the
bilatera nomina exchange rate. This is done due to the attractiveness of the NEER (over the
bilatera nomina exchange rate) which dlows for nomina exchange rate to reflect dl

movements in exchange rates of trading partners relaive to the domestic currency.

Alterndivdy, the REER usng the Geometric Mean (GM) method of averaging can be
defined as the product of the nomind effective exchange rate and the effective relaive price
indices, following Hinkle and Nsengiyumva (1999):

NEER, * EP,,

P

©)

REER, =

&
where NEER;, = O Eg" , with E; defined as the index of nominal exchange rate (period

i=1

average raes) in units of domestic currency per unit of foreign currency for home country | .

3 Other weights could be used depending on whether you want to capture export weighted index or
import weighted index.
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P.and P

ot o e the foreign price index (Laing WP as a proxy) and the domestic price

index (usng CH as a proxy) respectively, with w, as the appropriate weights for each
~ &

country and (O denotes the product of the variables. Also EP, = (O P, , where EP,,
i=1

is the GM weighted average (or effective) foreign price index & timet, and P, isthe WP

of trading partner i at timet with other notation as defined as above.

The trading partner’s weights are defined to dlow for time variation in the weights and s0

that weights sum to unity:
- = Xit

For exports: X, =— 4
o)
a X,
=

i — Mit

For imports: m, =— 5)
o]
a. M jt
j=1

For total trade we have: w, :ﬂ;’vlit ©)

a (xit + th)

=1

where ék X s ék M, and é’kl (th +M J.t) are total exports from the domestic country to
=1 =1 =1

al the trading partners, tota imports of the domestic country from dl the trading partners and

total trade between the domestic country and dl the trading partners respectively. Smilarly,

X, M, and X, +M, represent exports to trading partner i by the domestic country,

imports from trading partner i by the domestic country and totd trade between trading

partner i and domestic country respectively. The subscript t represents the time period in all

definitions.

One drong point in favour of this gpproach to computing the weights is the time variation
component (rolling weighting system). Since what we are trying to capture with these indices
change over time (macroeconomic effect of externd shocks like capitd inflows and
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productivity shocks), a fixed weight index will misrepresent the dynamics and hence the
impact on the real exchange rate (Chinn 2002).

The difference between these two aternative ways of defining the REER index is the method
of averaging used (i.e. the GM and the AM). Since the different ways of averaging impact
sgnificantly on the index, we discuss briefly their advantages and disadvantages. The mgor
srength of the AM isiits ease of computation, which makes it more appeding to researchers
and practitioners. The GM aso has certain useful properties (even though not as easy to
compute as the AM) such as its symmetry and consstency. The AM isinfluenced greetly by
the base year chosen in the computation of the index and one has to re-base when trend
andysis needs to be done. The andyss of misadignment is relative to the base year and
therefore limited when the AM index is used. However, the GM indices are not influenced
by the base period chosen. While the AM gives larger weights to currencies which have
gppreciated or depreciated to a dgnificant extent dongside the home country currency, the
GM treats depreciation and gppreciation symmetrically. This makes the GM more efficient in
capturing trends in REER. This paper reports the indices based on the GM method of
averaging due to its obvious advantages (see Appendix for results usng AM).

Finaly, the REER indices will be computed using imports, exports and tota trade shares of
trading partners as weights as defined above. This has the obvious advantages of
decomposing total trade and separating imports from exports. This is advantageous for
computing indices for developing countries whose export trade is dominated by primary
commodities whose prices are determined on the internationa merket (like Ghand). In this
case, tota trade share may not completdly measure international competitiveness. This
decompoadition is judtified since the inter-country pattern of trade is Sgnificantly different for
imports and exports.

3. COMPUTATION OF REER FOR GHANA

Our choice of definition and methodology, weights and indices used in the computation of
REER for Ghana was heavily influenced by data availability and the objective for this study.
Various REER indices were computed for Ghana taking into congderation the theoretica
and operationd (empirica) discussons. We estimate REER indices using the GM method of
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measurement in al cases goplying equations (3) to (6). We dso conddered both end-period
and period- average exchange rates in computing the nomina effective exchange rates.

3.1. Choice of Weights and Price Indices

As noted in the literature and used by Edwards (1989), the choice of countries as trading
partners and the base year chosen in the computation of REER index may not redly be
important since indices using different base years and different countries tend to be highly
correlated (suggesting that they can be used interchangegbly or capture amost the same
information). We chose nine trading partners (United Kingdom, United States, Germany,
Netherlands, France, Italy, Switzerland, Japan and Nigeria), as a fair representation of the
major trading partners of Ghana that covers dl trading blocs4 As noted earlier, since the
inter-country pattern of trade is different for exports and imports, different indices were
computed for exports, imports and a common index representing tota trade. This level of
decomposition aso supports the idea of exports and imports having different levels of
competition, which may not be easy to determine from the tota trade index. Following from
this, the import, export and total trade shares were used to caculate the weights for the
trading partnersin our computations (as described by equations 3-6).5

There are few price indices that can be used. The unavailahility of monthly and quarterly data
for some of the trade data and price indices compelled us to use annud data in our

esimations. For the price of tradables, the wholesale price index (and in some cases the
producer price index) are used. The choice of the wholesdle price index was influenced by it
being heavily weighted with traded goods thus representing a greater proportion of traded
goods (Edwards, 1989). It has been argued that this proxy may include a large component
of imported intermediate goods, S0 the resulting REER may not reflect true direction of

competitiveness (Chinn, 2002). In the case of non-tradable goods, the consumer price index
(CP1) for Ghana was used. This index broadly represents both tradable and non-tradable
goods but using it as a proxy for the price index of non-tradable goods was a matter of

4  Some of the recent trading partners of Ghana were dropped due to the lack of time series data to
suit the study (e.g. South Africaand India).

5 These weights are affected by the degree of unrecorded trade in the home country, which is
probably high in Ghana. However, data are (by definition) not available to account for this.
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expediency and data availability rather than a perfect (or better) representation of the price

of non-tradables.6

3.2 Definition of variables

The NEER isthe Nomind Effective Exchange Rate, REER is Red Effective Exchange Rates,
WWHPI is Weighted Wholesale Price Index. The subscripts x, m, T indicate the index with
Export, Import and Tota trade shares as the weights respectively in the computations while
cpi and gdp subscripts indicate the index computed using Ghana CPl and GDP-deflator as
the proxy for the prices of nontradables. The REER is defined such that an increase
(decrease) in the vaue represents depreciation (gppreciation). By dso assuming that the
base year reflects a period where we believe that the exchange rate was in equilibrium, a

vaue larger (lower) than the base vaue represents an undervauation (overvauetion).

4. RESULTS

Reaults from Figures 1 to 5 show that indices have moved broadly together and are highly
corrdlated garting from the mid-1980s (largely as a result of the corrective measures
introduced by the Structurd Adjustment Programme). Differences are apparent, however,
during the later years of the 1990s depending on which type of price index is used,
suggesting that the choice of price index is not trivid. After 1997, the gdp-deflator based
index indicates depreciation, but the cpi -based index is appreciating. This is supported by
the comparison of the indices based on the same weights but different types of price indices
(Figures 3-5 and Appendix). Judged by the experience of the late 1990s, the choice of price
index matters. Ghana seems highly competitive more recently, based on the gdp-deflator

index but much less so when the cpi index is used in the computation of the REER. One

possible explanation for this difference in reveding the extent of competitiveness by different
price indices may be due to the transmisson mechanism of fundamentals affecting the redl

exchange rate.

An overview of the fundamentals shows that aid has been very persastent during this period
of the study. According to the Dutch Disease theory, capitd inflows affect red exchange rate

6 The GDP deflator was also used and the results are presented.



10

through the tradable and non-tradable sectors of the economy and through that extends to

affect the leve of internationa competitiveness. Hence, using cpi as a measure of price index

is able to capture the effect of capita inflows on red exchange rate through the non-tradables
sector (capturing mostly prices of non-tradables). However, usng gdp-deflator as a
measure of the price index may not be able to capture the complete effect of capitd inflows
on red exchange rate as outlined in the Dutch Disease theory. Hence, it is not surprising that
the cpi based messure is showing a fal in the level of competitiveness as againg the
gdp-deflator based measure. The gdp-deflator based measure is clearly not capturing the
full impact of the increasad capitd inflows in the late 1990s (see Opoku-Afari et al, 2004).
Following from this argument and aso from the fact that REER is not avarigble but actudly a
relation influenced by some fundamentals, it is important that one analyses these results by
taking into congderation how best a measure captures the effects of each of the
fundamentads. The mgority of the fundamentas are trade related, with an impact on REER
ether through the tradable or the non-tradable sector, implying that the cpi based measure

of REER is a better measure of trends in REER in Ghana (with most of its fundamentas
being trade related) than the gdp-deflator based measure.

Casud ingpection of the Figures suggests tha trends in REER in Ghana show steep
depreciation from the period after the Structurd Adjustment Programme (SAP) in 1983,
which included exchange rate reforms until 1987-90. From 1990 to 2000, while the nomind
exchange rate depreciated by about 228 per cent (as measured by the NEER), the REER
appreciated by 47 per cent (as measured by REER., ).” For the greater part of the period

before adjustment, the cedi was undervaued (assuming the strong PPP interpretation of
equilibrium exchange rates). In terms of competitiveness, dthough in nomina terms the cedi
was seen as depreciating and thus favourable for export promotion, Ghanaian exports were
not competitive due to gppreciation in red terms, which is supported in the literature on
export promotion in Ghana (Dennis, 2002). A careful examination of the export weighted
index (figure 3) shows dmost the entire period being overvalued, an indication of red

appreciation of the exchange rate, and noves in tandem with the congiderable decline in the
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export sector that has been witnessed in Ghana (see Dennis, 2002 for details on the decline
of the export sector in Ghana). The import weighted index however, follows a smilar trend
to that of the total trade weighted index. This conclusion is subject to the limitations of using
the PPP concept of equilibrium. A more dynamic concept (dynamic equilibrium path of
REER) will be more appropriate.

Figure 1: Trade Weighted REER for Ghana (1990=100)
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Note: An upward movement here represents depreciation and a downward movement
represents an appreciation. See Appendix for source of dbta and definition of variables,
and more graphs of the various measurements of NEER and REER and the Weighted
Price Indices

7 Alternatively the REER as measured by the GDP index depreciated by 23.5 per cent within the same
period.
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Figure 2: Import Weighted REER for Ghana (1990=100)
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Figure 3: Export Weighted REER for Ghana:
(1990=100)
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Figure 4: Weighted NEER for Ghana (1990=100)
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5. COMPARING ALTERNATIVE REER FOR GHANA

The IMF defines the REER index for Ghana as a nomind effective exchange rate (NEER)
index adjusted for relative movements in nationa price or cost indicators (CPI) of the home
country and selected countries and the Euro Area. They dso define the NEER to represent
the ratio of an index of the period average exchange rate of the currency in question (in this
instance the cedi) to a trade weighted geometric average of exchange rates for the currencies
of selected countries and the Euro Area. Like our estimate, the IMF used the CPI index as a
measure of domestic costs and prices. The IMF defines the REER to reflect an increase as

gppreciation while in our definition gppreciation is a decrease in the index.

Sackey (2001) defined the red effective exchange rae for Ghana as
REER = DWBNERP'; / P where REER is the trade weighted red effective exchange rate,

R BNER, = and p ae the weights for country ; bilaterd nomina exchange rae;

country j’s wholesdle price index; and domestic country’s consumer price index. In this
case, adecrease in the index implies an gppreciation while an increase indicates depreciation.
In contrast to our method, Sackey (2001) used the Arithmetic Mean method of weighting as
well as bilaterd nomind exchange rate (instead of nomina effective exchange rate in our

case).
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Our computed REER index (REER,,) can be compared with these selected dternative
measures reported by the IMF (REER ) and by Sackey (REER,). Casud inspection of

Figure 5 shows that, in the 1990s, our measure and that of the IMF have moved broadly
together and are highly corrdated. The negative correlation between our estimates and that
of the IMF is a matter of definition and does not affect our conclusons. However, that of
Sackey (2001) drifts sgnificantly. This may be due to Seckey’s use of bilatera nomind
exchange rate in his measure of red exchange rate instead of the nomind effective exchange
rate (NEER) employed in our computation as well as that of the IMF. This observation
confirms our statement earlier that the country coverage and the nature of the weighting
schemes are generdly of secondary importance for countries whose externd trade is highly
concentrated such as Ghana, and that it is the choice of price index that matters. Thisdamiis
based on the fact that country coverage and weights differ between our estimates and that of
the IMF, but both cointegrated indices sharing a common trend as shown by the bi-variate
cointegration test in Table 2. The difference between our estimates and that of Sackey

(2001) may stem from differencesin nomind indices used as well as method of averaging.

Figure5: Alternative REER Indicesfor Ghana (1990=100)

300 A
250
200

150 ~

Index

100 ~

o

T T
A\ N » P
&P \9@ S F 9

A\
$ &

| —=— REERimf ——REERs —4— REERTcpi

5.1 Cointegration Analysis
Prior to estimating the bi-variate cointegration for our rea exchange rate measures, we
tested the stationarity properties of al the measures. All our computed red exchange rate
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indices were non-daionary (see gopendix) with the exception of the nomind effective
exchange rate index for imports (LNEER,,) which was found to be stationary about atrend

and a break (using the Perron unit root test with presence of structural break in 1983, as
reported in the Appendix).

Tables 1 and 2 below give smple bi-variate cointegration anayses of our different measures
of red effective exchange rate as well as nomina effective exchange rates. Since it has been
established that these measures are non-gtationary, using correlation to ascertain evidence of
co-movements may lead to spurious conclusons. Hence, we adopted smple bi-variate
residua-based cointegration test to check whether there is some evidence of co-movement
between these measures. We employed the Engle-Granger two step agpproach for testing
cointegration in establishing whether these measures share common trends.

Reaults in Table 1indicate that dl the measures share a common trend in the long run,
evidence of co-movement. Thisimplies that, usng these measures interchangesbly may lead
to the same conclusons in the long run. The co-movement was found irrespective of
whether we are using the cpi-based index or the gdp-deflator based index. This
corroborates results of Falck (1997) for Tanzania and Edwards (1989) for various
countries. Even though graphica evidence show some divergence between the cpi based
index and the gdp-deflator based index (that is, for recent years, late 1990s, the choice of
price index and weights were ggnificant in determining the magnitude and direction of the
indices), this could be a short run phenomenon as etablishment of cointegration impliesin
the long-run they will be moving together.

Table 1: Bivariate Residual-Based Cointegration Tests (REER)

LREER tcpi tgdp mcpi mgdp XCpi
tepi n/a
tgdp -4.643* * *
mepi -4.735%** -5.209%**
mgdp -3.801%** -4.876*** -3.196**
Xcpi -3.886%** -3.100** -4,036*** | -3.701***
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|xgdp ‘ -3.549+** | -4.213+** ‘ -3.507** ‘ -4.500%** | -4.118***

Notes: ADF critical values for the rgjection of the null of no cointegration are —3.60
(1%) and —2.94 (5%). ** and *** represent 5% and 1% respectively. Based on
the GM method of measurement and 1990 as base year as well as period average
exchange rates. The results for different base years and end period exchange
rates are not noticeably different.

There was no evidence of cointegration for the nomina effective red exchange rate with the
exception of co-movement noticed between import-based measures and tota trade
measures. An indication that movements in the nomina exchange rate in Ghana is manly

driven by variaionsin imports.

Interestingly, when we compared our estimates with those of the IMF and Sackey (2001),
we found that there was strong evidence of co-movement between our measure of red

effective exchange rate and that of the IMF (Table 2). However, this was not the case
between our measure and that of Sackey (2001) and also between Sackey and the IMF. A
possible explanation could be differences in the way nomina exchange rates are measured.
While we used nomind effective exchange rate, Sackey (2001) used bilateral nomina
exchange rate. As noted by Edwards (1989), whereas the choice of base year and trading
partners may be of secondary importance in the computation of REER, the choice of price

index and other indices are very important.

Table 2: Bi-variate Residual-Based Cointegration Tests for Alternative Indices

REERimf REERs
REERimf N/a
REERs -2.183 N/a
REERT cpi -3.501** -2.654

Notes: The ADF critical values for the rejection of the null of no cointegration
are —3.60 (1%) and —2.94 (5%). ** and *** represent 5% and 1%
respectively.
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6 CONCLUSONS

The paper has sought to measure the red effective exchange rate (REER) for Ghana, using
various measures (export weighted, import weighted, total trade weighted and in terms of
price indices). In addition, it compared different measures of price indices, that is, the gdp-
deflator and the cpi -based index. These different measures were compared to determine
whether the choice of components in the REER index is crucid in computing the index and
which measures are most gppropriate for different policy objectives.

In the light of the above, our study was able to establish the following:
Results show that country coverage, base year and the neture of the weighting schemes
are generdly of secondary importance for countries whose externd trade is highly
concentrated such as Ghana. However, the choice of price indices matters. Ghana
seems highly competitive more recently, based on the gdp-deflator index but much less
s0 when the cpi index is usad in the computation of the REER. This implies that the
gdp-deflator based index under-estimates the extent of depreciation of the red

exchange rate from the impact of cetan fundamentals (including capitd inflows,

openness and government consumption of tradables and non-tradables). The cpi -

based index on the other hand, gives a good reflection of the dynamics from these
identified fundamentas to REER as per the Dutch Disease theory. This result was drawn
from the fact that the fundamentas determining REER in the literature are modtly trade
related and thus the CPI gives a better reflection of prices of both tradables and nor+
tradables than the gdp-deflator .

We adso established that choice of trading partners, and choice of weights are not really
important in cgpturing the dynamicsin the REER rdation in Ghana, Snce comparison of
dternative measures with varying trading partners and weights moved very closdy
together and were highly corrdated. Thisresult isin line with those of Edwards (1989).

Our study has dso contributed to the empirica literature on red effective exchange rae
measurement in the following ways
It has conddered dternative measures of REER and has andyticaly compared them to
assess which measure is gppropriate for different policy objectives.
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We dso established that there are some co-movements among the different measures of
real effective exchange rate. An indication that they may under certain circumstances be
used interchangesbly.

This dso serves as amgor contribution to empiricd measurement of REER in Ghana
as the existing measures are based on bilaterd red exchange rate without policy specific
measures. This means one measure of REER is used as a universal measure of REER

for different policy objectives thus undermining the importance of the dynamics.
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APPENDIX

Unit Root Analysis

We employed the Augmented Dickey Fuller (ADF) tests for unit roots to test the
dationarity properties of the REER indices. We estimated the ADF model given below:

Dy, =m+bT +gyt_1+§ d.Dy, . +e, (A2
i=1

We initidly esimated an over-parameterised model using the lag length of 6 and then by
using the generd-to-specific method, the model was reduced to a more parsmonious level.
In cases where dl the lags were not sgnificant (using the 5% leve of sgnificance), it Sgnified
the absence of serid correation and thus reducing the Augmented Dickey-Fuller tests to
gmple Dickey-Fuller tes implying in those ingtances, ordinary AR(1) being a good
representation of the Data Generation Process (DGP) of the indices. The result is reported
intable Al

Macroeconomic reforms in Ghana (that is the structural adjustment programme and the
economic reform programme) are perceived to have a sgnificant impact on the direction
and movements in real and nominal effective exchange rates. In particular, we argued that
they introduced a level shift in these variables due to the ddiberate policies such as
devauation and trade liberaisation. In view of this, it would be proper to augment the ADF
test for unit roots with a test that takes into account a shift in the levels of the variables
(Perron, 1989). According to Perron (1989), a trend stationary series which exhibits a
gructurd bresk ether in the levels or the growth (trend) cannot easily be distinguished from
a non-dationary series process. Usng smulation methods, Perron smulated new critical

vaues for unit root againg the dternative of a trend stationary model with a structurd bresk
a a known point. A careful look at our real and nominal effective exchange rate variables
show a bresk and leve shift in the series a around the time of the introduction of the SAP.
Hence we augment our ADF test with that of Perron (1989) and the results are reported in
table A2 below. See Perron (1989) for details on this procedure.
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Table Al: Unit Root Test for the Effective Exchange Rate Indices

.
[
ApFmods: Dy, =m+bT +gy,,+q dDy, ; +e
i=1
Variable H . + B'I . b - = OH . b =m H ‘m= Lag Infere
0-9 0- g 0 0- g Lengh  nce
F,-test =g=0 =
F,-test F, - test
LNEERn 176 1559 3139 3033 0 1)
(-352) (6.73) (5.13) (4.86)
LNEER< -1.92 2833 4794 4038 0 1)
(-3.52) (6.73) (5.13) (4.86)
LNEER 179 18%5 4488 4471 0 1)
(-3.52) (6.73) (5.13) (4.86)
LREERm 2.70 3.652 2484 3367 4 1)
Pl (-3.52) (6.73) (5.13) (4.86)
LREER -1.66 1659 1109 1425 0 1)
cpif  (-3.52) (6.73) (5.13) (4.86)
LREER 2.81 3944 2.638 3.80 4 1)
cpi | (-3.52) (6.73) (5.13) (4.86)
2.40 2953 1.969 2,901 4 1)
LREEngdp (-3.52) (6.73) (5.13) (4.86)
134 2872 1965 0.283 6 0}
LREER‘Q"F’ (-352) (6.73) .13) (4.86)
211 2942 1.961 1099 0 1)
LREERQC’P (-3.52) (6.73) (513) (4.86)

Note: Based on the GM method of measurement and 1990 as base year as well as period
average exchange rates. The results for AM method of measurement, different base

years and end period exchange rates are not significantly different. Figures in parenthesis
are the 5% critical values. The optimd lag length is the largest [ for which d, is

significant a the 5% critical level.
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Table A2: Unit Root Tests with Presence of Structural Break in 1983 for the
Effective Exchange Rate I ndices

PerronModd: Dy, =m+qDs83, + bt+ay, , + 3 cDy, ,+€
i1

Vaiable H,:a =0 Inference
LNEER, -3.97 1(0)*
LNEER, -3.13 1(2)
LNEER -2.73 (1)
LREER ., -2.87 (1)
LREER, -2.55 (1)
LREER,, -2.85 1(1)
LREER 4, -3.05 1(1)
LREER , -2.31 1(1)
LREER,, -2.85 1(1)

Notes: This model allows for the introduction of an exogenous break (T;) point in the
series. This point is 1983 in Ghana. We used the dummy Ds83 to capture this

structural break. T% (% Break fraction)=0.5 in our series. Critical values are: -
4.49(1%), —3.93(5%) -3.65(10%). * indicates Stationary around a trend and break.
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As s evident from the results, the ADF test on the indices computed using the GM method
shows that dl the variables were non stationary thet is I(1) without any significant drift. The
null hypothess for asecond unit root is rejected for dl the 1(1) variables even a 1% critica
level implying only the firg differencing of the indices is needed to correct for non
detionarity.

Results from the ADF test were also supported by the Perron test (table A2) which showed
clearly that gpart from the import weighted nomind effective exchange rate varigble where
we could rgject the null of unit roots and thus accept the dternative of trend stationary series,
we could not regject the null for al other red and romind effective exchange rate series.
Hence we concluded that the remaining series are indeed non-dtationary. These results
support that of the ADF test. This is not surprising for exchange rates as most work in the

literature confirm this result.
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Figurelll.1l: REER (GM-based begin with G, and AM based Indices)
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