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Abstract

This research investigates equilibrium exchange rate in one of the main oil exporting country
Azerbaijan in order to find out whether the increase of real oil price causes the appreciation real
effective exchange rate and to determine whether national currency has become overvalued in
the course of oil revenues boom of recent years. We derive the measure of real effective
exchange rate and analyze the long-run relationship between real effective exchange rate and its
determinants. The monthly data from 1997-2008 has been employed to estimate Error Correction
Model. The results confirm strong relationship between real exchange rate and real oil prices and
the coefficients of the error correction term indicate the gradual convergence of the exchange
rate towards its long-run equilibrium. Though real oil price increases lead to considerable real
appreciation of Azeri manat, the national currency is not overvalued, thus bringing support to the

regulated exchange rate regime in Azerbaijan
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1. Introduction

The exchange rate is arguably very important macroeconomic indicator to model empirically.
REER, as a measure of competitiveness, determines and influences the performance of the
export sector (Caballero, 1989). Considering its allocative and competitive roles, developing and
emerging economies are encouraged by IMF to keep the actual REER close to the equilibrium
real exchange rate (EREER). Misalignment of exchange rate has detrimental effects for
economic growth and efficiency of capital. Real exchange rate overvaluation can also undermine
export competitiveness and weaken the external position, while an undervalued exchange rate
may create inflationary pressures. Also, the maintenance of real exchange rate close to the
equilibrium level also prevents countries from currency and banking crises. Under fixed
exchange rate regime if real shocks occur and exchange rate does not adjust accordingly.

Oil prices may be sufficient to explain the long-run fluctuations in exchange rate of oil
exporting countries (Habib, 2007). The large increase in oil prices since the beginning of the new
century has been associated with the emergence of large current account imbalances across the
countries. Oil extracting countries have turned to the countries with the largest current account
surplus. In April 2006, the statement of the Group of Seven (G7) explicitly mentioned oil
exporting countries among countries playing critical role in adjustment of global imbalances.
Indeed, the literature has identified the terms of trade as one of the potential determinants of the
real exchange rate, which may explain long and persistent deviations from a simple Purchasing
Power Parity (PPP) equilibrium. In oil exporting countries, the main driver of the terms of trade
is the oil price.

According to the purchasing power parity (PPP) hypothesis, all movements in the real exchange

rates are transitory. Rogoff (1996) gives both theoretical reasons why PPP may not hold and

-3-
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empirical evidence of large deviations from PPP. According to Balassa (1964) and Samuelson
(1964), real exchange rates of countries with high productivity growth in the tradable sectors
appreciate. A rise in productivity in the traded good sector will raise wages in the entire
economy, and drive the prices up in non-traded sector. De Gregorio and Wolf (1994) extended
this model to allow for changes in terms of trade, where improved terms of trade induce an
appreciation in the equilibrium real exchange rate. Many authors consider net foreign assets as
potential long-run determinant of REER. Bergvall (2004) argues that the approach using net
foreign assets is restrictive and, therefore considers the long-run relationship between the trade
balance and the real exchange rate, and not the long-run relationship between net foreign assets
and the real exchange rate. The relationship between interest rates and exchange rates through
uncovered interest parity (UIP) theory has been confirmed by several authors. Several authors
find consistent relationship between the change of exchange rate and interest rate differentials in
time span from three to ten years. MacDonald et al. (2000) confirm this evidence for real interest
rate differentials. Taking into account these empirical findings the theoretical framework of our
model observes the relationship between terms of trade, relative productivity and real interest
rate differentials and real effective exchange rate.

After the recent global financial crisis while national currencies of emerging countries
considerably depreciated, in the first quarter of 2009 Central Bank of Azerbaijan spent more than
$500 million to prevent the depreciation. Therefore, this raises various questions related the
equilibrium level and misalignment of the real exchange rate in Azerbaijan. The aim of this
paper is to analyze whether there is reason for concerns about overvaluation of Azeri manat
above its equilibrium level in the period of oil revenues boom and to determine the impact of the

fluctuations of the long-run determinants on real effective exchange rate.
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There has been several unpublished empirical works attempting to estimate equilibrium REER
for Azerbaijan. However, these studies suffer from various serious weaknesses. These studies (i)
fail to determine misalignment correctly; (ii) no study has correctly checked the stationarity
properties; (iii) fail to use relevant econometric techniques to check the reliability of their results.
This paper contributes to the existing empirical work done in Azerbaijan by overcoming above
weak points, determining sound long-run equilibrium for exchange rate and considering oil price
impact on exchange rate fluctuations. Also, some econometric analysis can contribute to the
existing general literature and address common problems in specification and estimation
overlooked by various authors investigating the exchange rate of different countries.

The rest of the paper is organized as follows. The next section presents the brief overview of
Azerbaijan economy. Section 3 briefly summarizes the existing literature. Section 4 describes the
empirical framework that includes the analytical model, discusses the description of data and
stationarity analysis of the series. Section 5 contains empirical results and checking the reliability
of these results. Section 6 discusses the empirical results and determines misalignment of real

exchange rate. Finally, section 7 concludes.
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2. Country information

Azerbaijan is located in the South Caucasus region, bordering the Caspian Sea from the east,
between Iran and Russia. GDP growth estimated at 10.8% in 2008, slowing from an average
29.3% during 2005-2007, which made Azerbaijan one of fast-growing countries in the world.
The hydrocarbon sector dominates the economy in Azerbaijan. The oil and gas industry accounts
for more than 80% of exports and about 50% of GDP. In 2007 oil and gas production increased

by 30% and almost 50%, respectively. Oil production reached 450 million barrels in 2008. Oil

revenues are expected to reach its peak in 2011.

o

E el e _% The country's oil and gas revenues are
B0_ 10

60_ —30 | forecasted to be $200 billion until 2024. In the
42: :m non-oil sector growth was led by construction,
e e o o~ | services, and agriculture. Non-oil GDP grew at

Figure 1. GDP growth by sector’ almost 16% in 2008, the highest rate in the last 5 years.
But non-oil GDP share shrank in total GDP due to vast growing oil sector (Figure 1). Non-oil
sectors provided 43% of nominal GDP in 2007, down from 47% a year earlier and 58% in 2005.
Economy’s high dependence on oil sector creates a potential threat to the economy due the
potential volatility in the world oil market.

The central bank in March 2008 introduced a new exchange rate arrangement that pegs the
manat to a dollar—euro currency basket. This was a step toward greater exchange rate flexibility.
During 2008, the manat appreciated by 4.2% against the dollar, but the real effective exchange

rate appreciated by 12.9% because of Azerbaijan’s higher inflation.

! Source: Asian Development Outlook 2009
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Figure 2. Current account balance®
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increased and oil prices rose, the current account
balance switched to a surplus making 45% of GDP in 2008 (Figure 2). Gross international
reserves, excluding State Oil Fund’s assets, are estimated to have leaped from $4.3 billion in
2007 to about $6.5 billion at end-2008.
Consumer price inflation increased to an average of 20.8% from 16.7% in 2007. The increase
was due to steeper prices of food mainly, which has a weight of over 30% in the consumer
basket. Rapid monetary expansion and a near doubling of civil service salaries and social
security payments also accelerated the inflation. In 2007 government expenditures grew by 50%,
which is mostly directed to increase to public sector wages and financing infrastructure projects.
Direct budget transfers from the State Oil Fund grew by 29.3% in 2008 accounting for about
40% of total state budget revenue. Continued substantial reliance on State Oil Fund reserves
could lead to early depletion of its assets. Therefore, such fast spending of the oil revenues not
only has the negative impact on the country's economy, but also leads to unfair intergeneration

distribution of oil revenues.

2 Source: Asian Development Outlook 2009
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3. Literature Review

Vast number of empirical researches has been conducted both to analyze the effect of terms of
trade on exchange rate and determine exchange rate misalignment from equilibrium level.

The potential role of oil shocks in driving terms of trade movements and effecting exchange rates
received much attention. Krugman (1983) and Golub (1983) were the first to develop models
analyzing the bilateral exchange rates between two or more oil importing countries. They find
that effect of the oil price increase depends on the relative propensity to import oil and trade
deficits against oil exporting countries. Empirical tests of the Krugman-Golub hypothesis were
performed by Amano and van Norden (1998), which have found evidence of a long-run stable
relationship between the real effective exchange rate of the US dollar and the oil price deflated
by the US consumer price index over the post-Bretton Woods period. Amano and van Norden
(1995) also have documented a robust relationship between the real domestic price of oil and real
effective exchange rates for Germany, Japan and the United States in the long run.

Since the data become available for oil exporting countries, empirical studies focused on these
countries. Indeed, many empirical studies find a significant and positive relationship between the
oil price and the real exchange rate of oil exporting countries. Akram (2004) finds a non-linear
asymmetric relationship between the nominal exchange rate and oil prices in Norway. He has
found certain threshold for krone above which krone depreciates when oil price increases.
Bergvall (2004) examines the determinants of the real exchange rates in Nordic countries and
finds that exogenous terms of trade and productivity shocks explain most of the long-run
variance of the real exchange rate in the case of Norway and also Denmark. Korhonen and

Juurikkala (2007) estimate the real exchange rate in a panel of nine OPEC countries. Habib et al.
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(2007) has found strong relationship between oil prices and REER in Russia and described its
currency as “oil currency”.

There is voluminous theoretical and empirical literature on the equilibrium exchange rate, which
covers both developed and developing countries. Different methodologies such as Purchasing
Power Parity Approach (PPP), Trade Equation Approach (TEA), and Structural Model Approach
(SMA) were used by various authors®. MacDonald (1995) and Rogoff (1996) indicate that PPP is
not an appropriate model for the determination of equilibrium exchange rates because of its slow
mean reversion to a constant level implied by the PPP assumption. However, Yotopoulos and
Sawada (2005) find that 132 countries out of 153 countries have achieved PPP within twenty
years and 105 of them have attained it over the 1990-2000. Razin and Collins (1997) develop
their estimation using a reduced form of the real exchange rate equation derived from a Mundell-
Fleming model. Montiel (1999) suggests that the co-integration technique is a superior method of
estimating the real exchange rate over the PPP methodology.

However, according to Hinkle and Montiel (1999) there is no consensus on the methodology to
estimate the equilibrium exchange rate. Commonly used indicators include nominal and real
effective exchange rates, productivity and other competitiveness measures, terms of trade, net
foreign assets, current account, government expenditures, interest rate differentials, and parallel
market exchange rates. A problem is that these indicators may not always allow policy-makers to
identify the degree of misalignment precisely enough to pinpoint the appropriate timing and

amount of intervention.

® World Bank Research Publication (1999) by Hinkle and Montiel give broad definition and empirical tests of these
models.

-9-
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4. Data Analysis

4.1. Theoretical Framework
In this subsection we sketch the theoretical framework underlying our empirical investigation.

The model describes the real exchange rate as a function of terms of trade, relative productivity
between the non-traded and traded sectors and real interest rate of home country and his trading
partners. The model is a modified version of standard small open economy discussed in Cashin
et al. (2004) by adding real interest rate to the framework.

We consider oil exporting small open economy, D. There are two different sectors in domestic
economy: oil extraction and production as a primary export tradable good and production of a
non-traded good. We consider several assumptions: (1) factor markets and final goods are
competitive in both sectors, (2) production takes place under constant returns to scale, (3) labor
is fully mobile between traded and non-traded good sector, and therefore wages are equalized
across sectors, (4) firms both in domestic oil exporting country and its trading partners have
access to the same technology, though productivities differ, and nontradable sector is more labor
augmented.

Consequently, we describe algebraically the oil exporter’s economy and foreign trading
partner’s economy so that, eventually, we can define the real effective exchange rate of the oil
producing country. Simple static framework is adopted, since the focus is on the factors
determining the real exchange rate. The theory is viewed holding in the long-run, so we omit

time subscripts.

-10 -
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The oil producing country

In this subsection we describe the supply and demand sides of the economy of the oil exporter.

Firms

Capital and labor are supplied inelastically and employed in the production of tradable and

nontradable goods. The two goods are produced according to Cobb-Douglas function*:

I, =R Yy —(Why +RK;) ——max (1)

st Y, = A LEUKE)

and

Iy =PRYy —(WLy +RKy)—%—max 2

st Y, = A LLPKA)

The subscript T and N stands for tradable and nontradable sector. Due to free labor movement,

wages are equalized across sectors. Since the production in tradable sector is more capital

augmented, we have o > . After substituting the constraints in objective functions and taking

derivatives we get following first order conditions

R=P Aa(k )** ©)
R=P A, Bk, )" (4)
w=P A (1-a)k ) (5)
w="P,A,1-p)k,)" (6)
where k =K /L

* For the sake of simplicity we omit superscript denoting domestic country for a while and derive for general case

-11 -
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We have 6 unknowns (R, w,k,k;,P, P;) and 4 equations. Taking real interest rate and price of

tradable good (real petroleum price) as exogenous to the system lets us solve for other unknowns

as a function of them. First, we obtain the tradable sector capital-labor ratio from (3)

1/(1-a)
[P A
kT—ﬂ—E—j ™

Next, substitute (7) in (5) to get the wage rate

al(l-a)
w:a_aXHAJW”{%j 8)

Substituting (8) in (6) we get

K = l-a (PTAT)l’(lfa)(a/R)“’(lfa) 1p o

“li-p P, A,
Finally, plugging (9) into (4) we get the price of nontradable goods of domestic oil exporting
country in terms of relative productivity between the sector, price of tradable good and real

interest rate

(AT PT )(1,/;)/(1,0,)

pN — C(R )(ﬁ'*a)/(lfa) (10)

N
where C is the positive constant. For the oil exporting domestic country and the nontradable
price index will be as follows®

)(1,/;) (1-a)

PND — (A(I)D Po C(RD)(ﬂfa)/(lfa) (11)

D
N

The elasticity of nontradable price oInP; /6InP, =(1-B)/(1-a)>1 is positive and more
than unity. Hence, an increase in the price of oil will raise the price level of the non-traded sector

by more percentage.

® We take into account that the fact that oil is the main tradable good of domestic country and O index describes it.

-12 -
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Households
A continuum of identical households maximizes their utility over the consumption of the non-
traded good produced domestically and the imported tradable good. This tradable good is
imported from the rest of the world and is not produced domestically. Our assumptions on
preferences imply that the primarily exported commodity petroleum is also not consumed
domestically. Households derive utility from the consumption of the nontradable goods produced
at home and the imported good. Thus, the representative household is characterized by Cobb-
Douglas preferences
U =(CR) (eP)” —— max
st. PPCY +P°CP =W
where C; andCis the domestic consumption of domestic nontradables and traded goods
imported from abroad, respectively. Solving the optimization problem yields composite
consumption as C° =k(CND)y (CTD)Hwith constantk =1/(y” (L—y)*7). The minimum cost of
one unit of consumption C of the oil producing country is a geometric average, with weights y
and 1—y , of the prices of tradables and non-tradables:

o~ pp) (P @)
where P° is the price in local currency terms of one unit of the tradable good imported from

abroad. Commonly, P is defined as consumer price index (CPI). The law of one price is

assumed to hold for the imported good, so that P,° = P," / NER,,,

-13-
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where NER,, is the nominal exchange rate in foreign currency terms (defined as the amount of

foreign currency per unit of local currency), and P is the price of the tradable (imported) good

in terms of foreign currency. We now specify the rest of the world.

Foreign trading partners
The economy of the foreign region consists of two sectors likewise. The imported oil is used
production of intermediate goods. Similarly, as in the oil exporting country, the price of

nontradables is

)(1*/5' ) (1-a)

PNF — (A'II': PTF C(RF)(ﬁ'—a)/(l—a) (13)

E
N

Also, consumers in the foreign country are assumed to consume nontradable goods and final
tradable goods as in the oil exporting country and, therefore the consumer price index of foreign

country is given by

PF=(RE ) (P} (14)

Real exchange rate determination
After the determination of price indices in domestic and foreign trading partner country it is
straightforward to determine the real exchange rate. The real exchange is defined as the foreign

price of the domestic basket of consumption relative to the foreign price of a foreign basket of

consumption: NER,.P° /PF. Using equations (11) to (14) we can determine the bilateral real

exchange rate as follows

-14 -
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Y

D p \EPND) NE o op\Fa)-a)

BRER,, —H%P—OFJ 2> % (A.15)
T N

Real effective exchange rate (REER) is defined as the geometric average of BRER with its trade

partners

REER,, =[] BRER (A.16)
i=1

where w,, is the share of i" country in the total trade.

From last equation (15) we can find the coefficients of elasticity. To be consistent with the

SN

P D
variables of our model, considerTOT =In(—=%), RIRD :In(R—F) and PROD = In(—2—=
P P AT 1A

A
As variables are in natural logs, the partial derivative of BRER with respect to each them means
the elasticity of respective variable

OBRER

=y(Q-p)/Q- 0
ToT yA-p5)IA-a)> (16)
OBRER

= —a)l(l- 0
RIRD y(B-a)ll-a)< (17)
OBRER
_— = O i = l
>PROD y >0 ifwehave =« (18)

Equations (16)-(18) predicts that increase in oil prices and productivity would lead to the
appreciation of REER, while for real interest rate the contrary is true. Therefore, in this
framework, an improvement in the terms of trade - the relative price of exports in terms of
imports - produces an appreciation of the domestic currency. In this context, a positive shock to

the terms of trade leads to an increase in wages in the exporting sector. Similarly to the dynamics

-15-
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of the Balassa-Samuelson model of exchange rate, under the assumption of wage equalization
across the two sectors, this translates into an increase in wages and prices in the non-traded

goods sector and an appreciation of the real exchange rate.

4.2. Data description

Our empirical investigation is based on the theoretical framework described in the previous
subsection. The data set covers the period between 1997 M1-2001 M12. The data are expressed
in logs. The source of the monthly data is the Central Bank of Azerbaijan. All variables are
expressed in indexes and 1996 M12 is the base period for all indices®.

The real exchange rate index (REER) is a CPI-based effective real exchange rate constructed as
a competition weighted geometric average of the bilateral exchange rate series for main trading
partners.

As a measure of relative productivity differential we use relative prices between traded and non-

traded goods in both in Azerbaijan and his trade partners (TPI_ /CPI__)/(TPI./CPI.). As a

proxy to non-tradables price index CPI is used. Likewise to real effective exchange rate,
consumer price index and tradable price index is trade share weighted geometric average of the
indices for each trade partner.

Real interest rates differential (RIRD)is the difference in logs (i.e. ratio in level) of CPI adjusted
nominal short term interest rates, again in Azerbaijan and his trade partners.

As a measure of terms of trade (TOT), traditionally relative prices of export to import are used.
We claim oil price to be the only exogenous factor causing changes in terms of trade of

Azerbaijan. To capture the effect of exogenous changes in the export prices, we use the real price

® All indices were adjusted to 100 in the base period.

-16 -
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Figure 3. The real exchange rate and terms of trade

of oil as a proxy to export prices. The

6.5
real price of oil is calculated as US

6.0
dollar price of crude oil” deflated by

5.5
the efficient export price index, i.e. the

5.0 1
i export trade share weighted geometric
10 average of the CPIs for export trade
as partners. In Figure 1 we compare real

97 98 99 00 01 02 03 04 05 06 07 08

— —tn ot effective exchange rate against the UK
Brent price. A preliminary inspection

reveals the evidence of co-movement between them.

4.3. Unit root analysis

Following the descriptive analysis of the data, in this subsection we discuss the statistical
features of our time series. An important issue in time series regression is the degree of
integration of the variables, since integrated variables require a different empirical treatment
from stationary variables, due to the well-know problem of spurious regression. In particular, the
identification of the order of integration of the real exchange rate is a delicate task, as exchange
rates usually display near-unit root behaviour. In general, the hypothesis of stationarity of real
exchange rates is accepted over very long samples and rejected in shorter samples over the post-
Bretton Woods period (Taylor 2003). As unit root tests have low power and may fail to

distinguish between a unit root process and a near-unit root process, we compare the results of

" The price of UK BRENT barrel was used, others are almost the same.

=17 -
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the standard Augmented Dickey-Fuller (ADF) test with the null of non-stationarity and the
Kwiatkowski-Phillips-Schmidt-Shin (KPSS) test with the null of trend stationarity. In these tests
a decision on the AR order or, equivalently, on the number of lagged differences of variables was
based on the order specification criteria such as Akaike, Hannan&Quinn and Schwarz. The last
two criteria estimate the order consistently under general conditions for both stationary and
integrated processes®. Nevertheless, the limiting distribution of unit root test statistics does not
depend on the coefficients or other characteristics of the short-term dynamics. For all series
except REER both ADF and KPSS tests lead to the same conclusion of variables being 1(1)°. The

results are presented in Table 1:

Table 4. Unit root tests

Levels 1% differences

KPSS ADF KPSS ADF
H,:x~1(0) H,:x~1(1) H, :x~1(0) H,:x~1(1)

Real exchange rate ~ 1.21° 0.63 0.29 -8.86
Terms of trade 0.36" -2.33 0.12 1180
Real int. rate diff. ~ 0.327 -2.26 0.03 -6.89""
Relative

productivity 025" 317 0.05 1211

Notes: Asterisks ** denote rejection of the null hypothesis at 5 percent level.

& However, the increase in efficiency of this criterion comes at the cost of a higher likelihood of serial correlation in
the residuals. We choose the Akaike criteria and a richer lag structure when it was necessary to eliminate residual
serial correlation.

® All unit root tests include a constant and a deterministic time trend in our series; additionally, the seasonal dummy
variables are present in ADF test. Tests on the first differences of the variables reject the hypothesis of the presence
of a unit root, therefore conclude that there are no 1(2) variables in our sample.

-18-
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In the case of real exchange rate tests applied to first differences gives contradicting results. The
Quandt-Andrews breakpoint test indicates structural break in the first month of 2005 for the real
effective exchange rate. This test seeks for one or more unknown structural breakpoints in the
sample for a specified equation'®. One econometric procedure to tests for unit roots in the
presence of a structural break involves splitting the sample into two parts and using Dickey-
Fuller tests on each part. The problem with this procedure is that the degrees of freedom for each
of the resulting regressions' are diminished. It is preferable to have a single test based on the full
sample. Perron (1989) goes on to develop a formal procedure to test for unit roots in the presence
of a structural change. Following two hypotheses have been tested:

Hy Yy, =0, +Y, +14,D +¢ Aty =o,+ogt+u,Dr +g

Hg Yy, =a,+Y,, + 14,0 +1,D; +¢ Agy, =a,+ot+ D +u,D; +e,

where D,, represents a pulse dummy variable such that D, =1 if t=T+1 and zero otherwise,

D, represents a level dummy variable such that D, =1 if t > T+1 and zero otherwise, and
D; =t—T if t>T, zero otherwise. The specification (A) tests the null hypothesis of a permanent

change magnitude of the drift term versus the alternative of a change in the slope of the trend.
A change in both the level and drift of a unit root process is represented by specification (B).
In order to test the null hypotheses, first, the regressions in alternatives were estimated, then
augmented Dickey-Fuller test applied to residuals from those regressions, if the residuals do not
appear to be white-noise. The t-statistics for the null hypothesis of ADF were compared to the
critical values calculated by Perron (1989). As a time of structural change is taken January of

2005. Results from the test for Perron test are reported in Table Al (Appendix). Both tests

19 Basically, when structural break is present, the various test statistics are biased toward the non-rejection of a unit
root, but we encounter the opposite problem.
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confirm REER to be I(1). Unit root analysis show that all series underlying the empirical

estimation are difference stationary processes.

5. Empirical analysis

5.1. Specifying the Cointegration Rank

In the light of the evidence from the panel unit root tests, we proceed with our cointegration
analysis. Engle and Granger (1987) pointed out that a linear combination of two or more non-
stationary series may be stationary. Appropriate lag order should be chosen before performing
cointegration test. In order to determine the proper lag order the sequential modified LR test
(Lutkepohl, 1991) is carried out starting from a model with some prespecified maximum lag
length p,,and following sequence of null hypotheses are tested until the test rejects:

Hy:®, =0, Hy:®, =0, and so forth. Table A2 (Appendix) reports the values of the

Pm
Akaike (AIC), Schwarz (SC), and Hannan-Quinn (HQ) information criteria for different lag
orders as well as the results from likelihood ratio (LR) tests for successive lag deletions. The LR
test is implemented using the small-sample correction suggested in Sims (1980) and using a 5%
significance level for the individual tests. The maximum lag-order is set to six'*. The AIC
suggests including three lagged differences, whereas HQ and SC favor a specification with only

one lagged difference. The results of another test, so called lag exclusion tests, which tests the

1 If a very large order P 1S Used, a long sequence of tests may be necessary that will have an impact on the

overall Type I error of the testing sequence, that is, the choice of P, will have an impact on the probability of an
inadequate selection of P (Lutkepohl, 2001).
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joint significance of all endogenous variables at the lag reported for each equation separately, are
consistent with these results.

Cointegration tests using the methodology developed in Johansen (1991, 1995) Saikkonen &
Lutkepohl (2000 a, b) estimates the IT = a8’ matrix from an unrestricted VAR and tests whether
we can reject the restrictions implied by the reduced rank ofI1'2. We consider two
specifications discussed in Johansen (1995). The first case considers a linear deterministic trend

in the level data and, hence, u;, #0. But it is absent from the cointegration relations, we

have g'u, =0 , that is, the trend parameter is orthogonal to the cointegration matrix:

p-1
Ay, =y =TI(Y _,uo)+zri Ay — ) + &, (1)
i1

where A(y, —po — uit) = Ay, — g and TI(Y,, — po — o, (t—1)) = TI(y,; — o) . After collecting

the constants we get:

p-1 p

Ay, =G + 1Ty, + zFiAyt—i +é&., Wwhere & =—Tlu, + (ziq)i Yy (2)

i=1 i=1
LR tests based test on the intercept version of the VECM in (2) is treated by Johansen (1995),
which is known as trace and max eigenvalue tests. An alternative test based on the trend adjusted

version (1) was proposed by Saikkonen&Lutkepohl (2000b). The constant and trend parameters

p
2 Any VAR in the form Y, = u, + gt + z @,y,; +&, can be written in error-correction form as
i=1

p-1 i p p
AY, = p+put+ ) L=y, +Tly,, +& where I, =— > @, and T=) @, -1
i-1 j=itl i-1

Granger Representation Theorem (Engle and Granger, 1997 and Johansen, 1991) asserts that if the coefficient
matrix TT has reduced rank r<k, then there exist K x r matrices & and f3 each with rank r such that IT = a3’

and ,Byt is stationary. I is the number of cointegrating relations, i.e. the cointegrating rank and each row of 3’ is
the cointegrating vector.
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are estimated in a first step by a feasible GLS procedure, they,was modified to yield
Yy =Y, — i, — it and then LR-type test based on reduced rank regression of (1) was applied.
The second case considers fully unrestricted linear trend term, which again gives two types

VECMs:

p-1
AY, =y =TI(Y, y — pg — iy (t=1)) + Zri (AY, i — 1) + &, (3)

i=1

After rearranging, we get

-1
= yt—l 4

Ay, =¢, +11 (1 +Z:FiAyt_i +é& (4)
- i=1

p-1 -
where &, =-TTu, + (1, —ZFi)yl and Hza[ﬁ’:n] iIsa Kx(K+1) matrix of rank r with
i=1

n =—p'u, . Here there is deterministic linear trend both in the levels and in the cointegration
relations. The trend parameters are again estimated in a first step by a GLS procedure, details and
critical values are presented in Lutkepohl& Saikkonen (2000). The results of the Johansen trace
tests and the tests proposed by Saikkonen and Lutkepohl (S&L tests) are presented in Table 2.

Tests were performed at different lag orders for checking the robustness of the results.**

13 As the results for maximum eigenvalue tests coincide with those of trace test, they are not included.

14 As discussed before, low-order model that does not capture the serial dependence in the data well may lead to size
distortions, whereas choosing an unnecessarily large lag order may spoil the power of the tests. So, using both lag
orders offered by different information criteria are better strategy.
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Table 5. Cointegration tests

Deterministic Lagged Test Critical values
Test 0 =1
terms differences statistics 5% 1%
Johansen c, tr, sd 1 r,=0 74.13 63.66 70.91
c, tr, sd 1 r,=1 33.99 42.77 48.87
c,orthtr,sd 1 r,=0 64.72 47.71 54.23
c,orthtr,sd 1 r,=1 28.02 29.80 35.21
c, tr, sd 3 r,=0 75.93 63.66 70.91
c, tr, sd 3 r,=1 39.67 42.77 48.87
c,orthtr,sd 3 r,=0 67.17 47.71 54.23
c,orthtr,sd 3 r,=1 31.15 29.80 35.21
S&L c, tr, sd 1 r,=0 64.48 45.32 51.45
c, tr, sd 1 r,=1 25.70 28.52 33.50
c,orthtr,sd 1 r,=0 54.65 35.76 41.58
c,orthtr,sd 1 r,=1 20.79 20.96 25.71
c, tr, sd 3 r,=0 64.83 45.32 51.45
c, tr, sd 3 r,=1 28.44 28.52 33.50
c,orthtr,sd 3 r,=0 51.31 35.76 41.58
c,orthtr,sd 3 r,=1 22.22 20.96 25.71

Notes: c-constant, tr -linear trend, orth tr-linear trend orthogonal to the cointegration relations, sd- seasonal

dummies
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Tests using SC in lag selection indicate one cointegration relation. As 11 seasonal dummies
were included for monthly data, which considerably increases the number of parameters being
estimated, the tests performs worse if we use lag ordered indicated by AIC criterion and
estimated parameters become even more'®. Although Monte Carlo studies by several authors
show that efficiency loss from choosing a too long lag structure is small and a too short lag
structure has a severe impact on maximum likelihood estimates, this strategy can not be favored
unless we have long time series. As discussed in Johansen (2002) the increase of the quantity of
estimated parameters considerable increases the Type | error and using standard critical value for
testing may yield misleading results*®.

As cointegrating relation is present in our system of variables, the VAR form is not convenient
model setup, therefore we directly step to estimation of vector error correction model (VECM)
using Johansen procedure. Determining the cointegration rank is a prerequisite for estimating the
model in an error-correction form. This allows us to distinguish between stationarity created by
linear combinations of the 1(1) variables and stationarity created by differencing (see footnote 4).
Seasonal dummies are, also, used in estimation of VECM. Other deterministic terms, i.e. time
trend and constant were excluded, though most empirical works have included despite the
characteristics of the model. Hendry and Juselius (2000) discuss five cases for deterministic
terms. They argue that intercept is generally needed to account for the initial level of

measurements and if when the measurements start from zero, or when the measurements cancel

> In general, many remove seasonality by prefiltering the series using period-to-period differences or the X-11
methodology. According to Soto (2001) these methodologies have important pitfalls: using dummies treats the
seasonality as a deterministic phenomenon, while filters either impose a particular stochastic structure (a

unit root in the monthly or quarterly frequency) or induce excess persistence (X-11). Therefore, standard
deseasonalizing methods are inappropriate

16 Johansen (2002) shows that number of parameters per observation should be less than 0.2, standard tables of
critical values give a reasonable result. If this ratio is 0.2 rejection probability of a nominal 5% test using asymptotic
critical values is in fact close to 37%. The correction gives a test with rejection probability around 11%, which is
much better than the direct use of the asymptotic tables. Using three lags in our tests yields ratio of 0.18 which is
very close to 0.2, however it is 0.12 for one lag.
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in the cointegrating relations, exclusion of constant is justified. In our model for all indices initial

value is 100, but this value cancels in cointegration relation. Figure 2 shows that initial value is

very close to zero.

Figure 4. Cointegration relation
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exchange rate:

Deterministic trend was neglected
because no growth observed in the
first differences and orthogonal
trend restricted to cointegration
space become very insignificant
when included. In Table 3, we
report the long-run cointegration
relation after normalizing by the

coefficient of the real effective

Table 6. Long-run equilibrium equation for real effective exchange rate

REER = 0.092 TOT,— 0.121™ RIRD,+ 1.049™
(0.071) (0.035) (0.092)

PROD, + ec,

Estimation period: 1997 M4, 2008 M12 : T=141

Notes: Asterisks *** denote significance at 1% level. Standard errors reported in parentheses.

The results reveal that the national currency may be considered as an “oil currency” in the light

of the elasticity of the real exchange rate to the oil price in the long-run, which is positive.
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Increase in international oil prices improves terms of trade by the same percentage, since real oil
price index was used as the export price index for Azerbaijan. This improvement subsequently
causes the real exchange rate appreciation. For example, the long run effect of the increase of oil
price 10% which was the common case until recent global financial crisis is the appreciation of
real exchange rate by approx.1%. The elasticity for productivity differential is also positive and
relatively larger. Thus, In Azerbaijan, the Balassa-Samuelson effect seems to play an important
role in driving the real effective exchange rate along with the real oil price. Azerbaijan is a
transition economy on its way to catch up with its developed trading partners. Therefore, one
should expect the higher the domestic relative price increase of non-tradables compared to
foreign countries and leading to an appreciation of the real exchange rate. Implication of this

result to “Dutch Disease” in Azerbaijan will be discussed later.

5.2. Causality analysis

Besides identifying the cointegrating vector, it is important to control for the causal relationship
between the variables®’. If cointegrating relations do not enter a particular equation and thus that
the corresponding left-hand variable is weakly exogenous for the cointegration parameters, then
the corresponding element of the loading matrix « (the speed of adjustment of this variable to
the long-run equilibrium level) will be zero. Therefore weak exogeneity of the presumed

endogenous variables can be tested by testing the null of corresponding a = 0.

o The;(2 (Wald) statistics of pairwise Granger causality test indicates the joint insignificance of all other lagged
endogenous variables in the equation for real interest rate differentials.
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In our case, one would expect the rejection of the weak exogeneity for real effective exchange
rate. This hypothesis is indeed supported by the empirical evidence, but is not rejected for the

real interest rate differential (see Table 4).

Table 4. Test of weak exogeneity

Null Hypothesis: LR statistics: p-value:
&, =0 4.02 0.045
A o =0 6.01 0.014
Ay =0 1.79 0.179
a, =0 9.40 0.002

Notes: The test statistics distributed asymptotically as ;(2 (). ** denote rejection of the null at the 5% significance
level.

The implications of Granger causality test will be discussed later in the section of stability

analysis.

5.3. Testing for restrictions and subset modeling

Asymptotic properties of the standard t-ratios reported are retained when they are applied to the
short-run parameters in a VECM, whereas problems may occur for the standard t-ratios of
integrated variables in the levels VAR representation. Restrictions in our model for individual
parameters and groups of parameters in VARs or VECMs are based on model selection criteria.
We use sequential elimination of regressors (SER) strategy which sequentially deletes those
regressors which lead to the largest reduction of the given criterion until no further reduction is
possible. Bruggemann et al.(2001) have shown that this strategy is equivalent to sequentially

eliminating those regressors with the smallest absolute values of t-ratios until all t-ratios (in
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absolute value) are greater than some threshold value y. Note that a single regressor is
eliminated in each step only. Then new t-ratios are computed for the reduced model. They argue
that choosing y = {lexp(c; /T)-1 [T =N+ j-1) }"?in the jth step of the elimination
procedure results in the same final model that is obtained by sequentially minimizing the

selection criterion defined by the penalty termc,. The threshold values for the t-ratios

correspond to the critical values of the tests. We use c, (AIC)=2 which is relatively less
restrictive and for an equation with 20 regressors and sample size of 100 corresponds to
eliminating all regressors with t-values that are not significant at the 15-20% (Bruggemann et al.,
2001). The outcomes of weak exogeneity tests are taken into account in subset modeling via
sequentially eliminating regressors. Except real interest rate differentials, we assume that terms
of trade is also unmodeled, therefore the corresponding coefficient in the loading matrix o is set
to zero. As oil and oil products consist more than 80% of the export structure for Azerbaijan and
export prices depend on the current oil price, the evidence that terms of trade is unmodelled, i.e.
the cointegration part is excluded from the equation for terms of trade is reasonable.

Using the cointegration relation from Table 3 and after performing a model reduction, we
estimate the final estimation by feasible GLS (FGLS), which is equivalent to 3SLS because the
model is in reduced form (Lutkepohl 2004). Results of the estimation are presented in the
Appendix (Equation Al). It is not straightforward the interpretation of seasonal dummies and
there are not the point interest. For example, the significance of the seasonal dummy for the first
month in PROD is most likely the result of the considerable price increases in the holidays’ eve
month before, so on. Results indicates two modeled equations and the equations that includes

cointegration relation are reported in Table 5
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Table 5. Subset error correction model equations

AREER, =-0.014(REER, , — 0.092"TOT, , +0.121™"RIRD, , —1.049™" PROD, ,) + 0.264™" AREER,, + 1s, +U,
(0.009) (0.071) (0.035) (0.092) (0.078)

APROD, =0.042 (REER,_, —0.092"""TOT,_, + 0.121""RIRD _, ~1.049 “"PROD ,_,) + 0.700"“AREER_, — 0.093APROD __, + As, + U,
(0.022) (0.071) (0.035) (0.092) (0.195) (0.072)

Note: Standard errors reported in parentheses.

From the values of loading vector it is possible to derive the half-life of deviations from the
equilibrium following exogenous shocks. For Azeri manat it takes approximately 4 years to
dissipate the half of the shock'®. This is in line with standard PPP models estimating half-life of
deviation as a result of shocks to the real exchange rate of more than three years in industrial

countries.

5.4. Structural VECM

For analyzing instantaneous relations we consider structural vector error correction model based

on the subset model:

AAy, =TTy, + T, Ay, , +V,

IT°, T are structural form parameter matrices and (4x4)v, is zero mean structural form error
with time invariant covariance matrix. The invertible (4x4)matrix A allows modeling

instantaneous relations among the variables. Because the shocks are not directly observed,

'8 The half-life of deviations as a response to exogenous shocks is calculated according to the following formula:

In(0.5)/ In(1—at]) .
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making assumption of orthogonality of the shocks is a consensus, so that we are able to identify
them. As our model is 4-dimensional system 6 restrictions are necessary for orthogonalizing

the shocks'. Restrictions made to the A matrix are in line with the weak exogeneity tests and the
assumption that terms of trade is unmodeled. So we have rows of zeros for real interest rate
differentials and terms of trade in the A matrix. The estimation results of structural VECM are
reported in the Appendix (Equation A2)

The standard test statistics indicates relatively insignificance the estimated coefficients.

The converted equation for real effective exchange rate is presented below

AREER, = 0.225ATOT, — 0.013RIRD, +0.254PROD, — 0.023(REER, , — 0.092TOT, , +0.121RIRD, , —1.049PROD,_,) +

0.408AREER, , + 4s, +u,

As expected terms of trade and productivity growth has relatively more instantaneous effect on

real exchange rate than real interest rate.

5.5. Model Checking

In this section we use statistical tools for checking how well estimated subset VECM provides

an adequate representation of data generating process. We start with the descriptive analysis of

the residuals. The standardized residuals and residual autocorrelations are plotted in Figure 3%

Y There are K (K —1)/2 potentially different instantaneous covariances, where K is the dimension of the system.
20 We focus here on the equations for REER. For reports about the other equations see Figure B.1. in Appendix B.
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Figure 5. Residuals and residual autocorrelations of subset VECM for REER equation
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Although some residual autocorrelations reach outside the + 2/+/T bounds, they do not give rise
to concern, because the large autocorrelations are at high lags.
For diagnostic tests of residuals choosing the order of residual lag is very critical for the test

results. Again, if it is chosen too small approximation of the test statistics to the null distribution
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may be very poor, whereas a large lag order may result in a loss of power. Therefore, in applying

the test it is a good strategy to try different orders of lags:

Table 6. Tests for residual autocorrelations

No. of lags Test statistics p-value
Portmanteau test 3 50.70 0.14

6 92.23 0.39
Breusch-Godfrey test 3 60.65 0.10

6 206.39 0.22

Notes: Null hypothesis for both tests is no autocorrelation. Test statistics have an asymptotic y 2 distribution

Normality test reports the multivariate extensions of the Jarque-Bera residual normality test,
which compares the third and fourth moments of the residuals to those from the normal
distribution. Both the joint test and the univariate tests applied to the individual equation errors
separately results in rejection of normality hypothesis.

Table 9 shows that multivariate ARCH test rejects its respective null hypothesis. In order to
analyze the sources of the possible problem in more detail, univariate ARCH tests are performed
for individual equations. This indicates the source of problem in the equation for real interest rate

differentials, since it rejects the null hypothesis of no ARCH in the residuals.

Table 7. ARCH-LM test

Test ARCH,, (u;) ARCH, (u,) ARCH,, (u;) ARCH (u,) MARCH,,,
Test statistic  2.25 1.83 51.41 2.32 765.55
p-value 0.90 0.93 0.00 0.89 0.00

Notes: Null hypothesis for both tests is no ARCH in residuals. Test statistics have an asymptotic ;(2 distribution
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Granger (1969) defines a variable to be casual for another time series variable, if the former
helps to improve the forecasts of the latter. Different extensions have been considered since then.
As cointegration rank r =1, there must be Granger-causality in at least one direction because
aand S both have rank one and, hence, cannot be zero. Wald tests for Granger causality may
result in nonstandard limiting distributions depending on the cointegration properties of the
system (Toda & Phillips, 1993). The nonstandard asymptotic properties of the standard tests on
the coefficients of cointegrated VAR processes are due to the singularity of the asymptotic
distribution of the estimators. Dolado and Lutkepohl (1996) propose that the singularity can be
removed by fitting a VAR process whose order exceeds the true order. Instantaneous causality is
characterized by nonzero correlation of residuals. Thus the null hypothesis is tested against the
alternative of a nonzero covariance between the error vectors. Results reveal instantaneous
causality for all variables except productivity differential. But null hypotheses for Granger
causality have not been rejected in three direction in the system. As indicated above in order to
get approximate limiting distribution for test statistics excess order VAR is estimated, then the
last redundant lag ignored®. Thus the causality tests are based on fairly large models with many
parameters. As discussed before in cointegration rank tests the not large sample information
makes it difficult for such tests to reject the null hypothesis when many parameters are estimated.
In other words, the causality tests apparently have a power problem in testing Granger causality
between determinants of real exchange rate. Lutkepohl (2004) proposes that a cointegration
analysis and a Granger-causality analysis look at the data from different angles. In such a

situation the view from one direction often gives a much clearer picture than from another

21 If true data generating process is VAR (p) process, then a VAR (p+1) with @ b = 0 is also an appropriate

model. And test is performed on the CI)i a=1..., p, with the last redundant lag ignored
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corner. This line of arguments shows that there is no conflict between the results from the

cointegration analysis, weak exogeneity tests and the causality analysis.

5.5. Stability analysis

Further, stability analysis checks the time invariance of the model. Chow tests compare the
variances for different time periods to decide on parameter constancy. Therefore, a volatility
cluster in one of the subperiods may lead to the rejection of the constant parameter hypothesis
and this result maybe misleading unless ARCH structure that has been taken into account. If the
variability differs due to ARCH effects, this may then be diagnosed as parameter instability,
however maybe the model parameters actually do not vary. As for some objective reasons
MARCH have not been rejected, we can not rely on Chow test for testing the stability of our
model. Instead, the stability test based on the recursive eigenvalues has been executed. Hansen

and Johansen (1999) propose recursive statistics for stability analysis of VEC models stating that

for a time invariant model i" largest eigenvalue®” based on the sample moments from the first 7

observations should be within confidence interval, approximate 95% of which for the nonzero

true eigenvalues corresponding to A, A% ,..., A% is

20 il
A7+ (1= A7)exp(L96G;) " AT + (1~ A7) exp(-1.966,)

where &, is the statistics calculated on the base of covariance matrix.

In another stability test proposed by Hansen and Johansen (1999) recursive eigenvalues are used

as the basis for formal tests of parameter constancy. Let

22 for VEC models without parameter restrictions and without exogenous variables the eigenvalues from a reduced
rank regression which are also used in the cointegration rank tests are computed recursively by the Johansen
estimation procedure (Johansen , 1995).
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é:i( ) = Iog(l—l‘”j and T(é:i( )) :%‘(é:i( : _é:i( ))/o-ii

Stability is rejected if 7(£)exceeds the critical value. Critical values for the limiting null

distribution are tabulated by Ploberger et al.(1989).

Because the cointegrating rank is equal to oner =1, there is one nonzero eigenvalue. Confidence
intervals for that eigenvalue the tau statistic z(£) plotted show the recursive eigenvalue

appears to be fairly stable and these diagnostic statistics do not indicate instability of the system.

Figure 4 reports the results of these two stability tests presented in the graph form:
Figure 6. Recursive eigenvalue and Tau statistics
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6. Real exchange rate misalignment and discussion of empirical findings

6.1. Exchange rate misalignment

In section we give several measures of misalignment. The long run equilibrium level of real
effective exchange rate (EREER) is estimated from the cointegration equation in Table 3. In

Figure 6 we plot this measure against actual REER.

Figure 7. Equilibrium and actual real effective exchange rates

Misalignment is defined as

5.2

actual values of real exchange
rate and long-run equilibrium
values estimated given current
values of its determinants.

Clark and Macdonald (1998)

refer to this measure as current
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misalignment.
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However, the current values

may depart from sustainable values and separation of structural and cyclical components is
needed. We calculate also the difference between actual real exchange rate and sustainable
values, which is called total misalignment. Hodrick-Prescott (HP) filter was used to obtain

smoothed series for generating long-run equilibrium values of real effective exchange rate.
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Figure 8. HP smoothed equilibrium and actual real effective exchange rates

HP filter has been criticized

4.9

because of the end-point bias.
The last point of the series has
an exaggerated impact on the
trend at the end of the series.

Therefore, for analyzing recent
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Using the  decomposition

method discussed in Granger and Haldrup(1995) we can differentiate permanent and transitory

effect. They propose Y, = P(Y,) +T(Y,) where P(Y,) is persistent or long memory component.
P(Y,)=Af and T(Y,)=Az, with f =a!.Y, and z, =pB'Y, and where A =, (a,B,)™"

and A, =a(Bla, )™

Putting all together we get the following factorization

Y. =B (aiﬁl)ilath +a(B'a )71ﬁ’Yt

Using the above formula we estimate the permanent part using cointegration and loading vectors.
After adjusting the cointegration equation we get permanent equilibrium real effective exchange
rate (PEREER). Figure 8 describes the misalignment using permanent equilibrium rate.
Comparing EREER with PEREER we see that the latter is less volatile, as reflects the permanent

component of the REER.
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Figure 9. Permanent equilibrium and actual real effective exchange rate

The real exchange rate has

been appreciating between the
years, 2004-2008, while still
being undervalued. The
convergence of the two rates

coincides with increase of oil

revenues and in the middle of
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2008 when oil prices was in its
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peak, real exchange has

become overvalued for several month. During global financial crisis mainly as the result of
inflation sluggishness real effective exchange rate has slowed its temp of increment. Figure 9
represents co-movement between oil prices and misalignment of REER relative to PEREER.
Structural VEC model shows that instantaneous effect of oil prices to REER is insignificant and
one can observe from Figure 9 that misalignment change responds to oil price variation with
delay. Habib et al. (2007) argue that real exchange rate response to oil shock depends whether
nominal exchange rate is allowed to absorb the exogenous oil shock. In 2007 real and nominal
effective exchange rate of manat appreciated respectively 27.7 and 17.7 percent in response to
the oil price increase of 45.2 percent in 2006. However, in 2006 real exchange rate appreciated

only 6.7 percent and nominal exchange rate even depreciated 5.2 percent.
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Figure 10. Real oil price and exchange rate misalignment
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Under the pegged exchange rate regime in Azerbaijan nominal exchange rate does not absorb the
oil price shock and its appreciation is modest relative the oil price increase. Though rapid
increase of oil revenues as a result of oil price increases, as well as quantity of oil exported has

lead to real appreciation, the national currency is not overvalued.

6.2. Discussion of empirical results

In this section we discuss the results from our subset model. In Azerbaijan we identify a robust
long-run relationship between the exchange rate and oil prices. Also, we find strong evidence of
non-stationarity of the REER accounting on structural break in beginning of 2005. The rapid

appreciation after several years of depreciation of manat is due to the boom of the oil revenues
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starting from 2005%. Other variables show similar pattern and increase of oil prices in world
market also coincides with this period. Therefore, taking into account the similar changes in the
series, we conclude that there is no break in the cointegration relation on this specific time period
and shift dummy is not included.

The coefficients of cointegration relation are consistent with the elasticities (16)-(18).

The PPP puzzle indicating the high degree of persistence of the shocks to real exchange rate is
present in our model. The negative coefficient of loading matrix for REER means the reversion

to long run equilibrium. The speed of reversion of the real exchange rate to its long-run mean is

measured by half-life of deviations (In(0.5)/ In(l—|a|)) and as discussed above for Azerbaijan it

is approximately 4 years and reconciles with the consensus estimates of three to five years for the
real exchange rates for industrial countries (Taylor, 2003). For structural model this period is
shorter (2.5 years), but adjustment coefficient is insignificant.

The coefficient of RIRD in cointegration equation supports uncovered interest parity, which
states that relative increase of interest rates would lead to depreciation in order to satisfy no
arbitrage condition. Increases in monetary aggregates also reflect commercial banks’ foreign
borrowing, which has fueled a rapid expansion in their lending. Credit to the economy rose by
55.6% in 2008, much of it going to households and small businesses in lower interest rates in
comparison to stringent credit terms previous years. In result created inflationary pressures made
its contribution to appreciation. The negative coefficient of RIRD in cointegration equation is
consistent with this implication.

Cointegration relation predicts 0.09 % increase in REER in response to 1% improvement in

terms of trade, i.e. increase in oil prices?®, which means 9% increase when oil prices double.

2% The Baku-Thbilisi-Ceyhan (BTC) pipeline was launched in May, 2005.
2 As discussed before this equivalence if fair once we take into consideration very little volatility of import prices.
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Although managed exchange rate policy and accumulation of oil revenues in the State Oil Fund
weakens the effect of oil price shock, in practice the considerable appreciation is observed.
Government expenditures financed by the direct transfers from the State Oil Fund put pressure
on appreciation through domestic price increases.

The large oil-related foreign currency inflows have created pressures for rapid growth in
monetary aggregates. Central Bank has raised its purchases of foreign exchange to limit nominal
appreciation of the manat. The manat appreciated only by about 4.5% in nominal terms against
the United States dollar. However, the real appreciation was 17% against US dollar. As
discussed in the previous subsection increasing oil revenues recent years correspond to more

appreciation in real effective exchange rate rather than nominal exchange rate (Figure 5).

Figure 11. Effective exchange rates

Nominal and real effective exchange rates, 2004-2008
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Therefore, since 2004 the real exchange rate appreciation of Azeri manat mainly has been
through an increase in domestic prices not through nominal appreciation. Central Bank has raised

its purchases of foreign exchange to limit nominal appreciation of the manat. These interventions

-4] -



CEU eTD Collection

have been only partially sterilized, leading to expansion of broad money (M3) by 44.0% in 2008,
though much less than the 71.4% expansion recorded in 2007. In turn resulted persistent
inflationary pressures contributed to real appreciation.

Consistent with the Balassa-Samuelson hypothesis, we also find that real appreciation in
Azerbaijan has been proportional to productivity differential growth yielding more than 1%
appreciation in real exchange rate when prices of relative price of tradables to nontradables
increase 1%. According to this hypothesis the real exchange rate will appreciate if productivity
growth in the tradables sector exceeds that in the nontradables sector leading to an increase in the
relative price of nontradables implies a rise in the overall price level and relative productivity
growth. If this condition holds, then the inflation differential is positive and the real exchange
rate appreciates. We find strong evidence of this impact on real effective exchange rate of Azeri
manat. However, productivity increase mostly falls on oil sector. Instead, in small non-oil trade
sector (agriculture, metallurgy, etc) have been deteriorated due to poor supply of technology and
labor. On the other hand as oil extraction and export are ruled by oil contracts, this does not
increase competitiveness of traded goods in world market.

These facts are consistent with the existence of “Dutch Disease” in Azerbaijan®. A rise in the
oil price increases the demand for labor and capital in the oil sector, which leads to higher wages
there and to a higher profitability. Factors are mobile and labor and capital to move from the
manufacturing and service sectors to the oil sector. Oil sector output and employment will thus
increase, while output and employment in manufacturing and services will decline. According to
the 2007 conclusions, the share of oil products within the total pool of exported items was 85%.

Global Competitiveness Report for the 2006-2007 ranked Azerbaijan’s economy down to the

% Going back to Corden (1977) the “Dutch Disease” hypothesis is briefly summarized as the notion that an
€X0genous increase in resource prices or in resource output results in real exchange rate appreciation and a decline
in the manufacturing sector. He distinguishes between a resource movement effect and a spending effect.
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64th place for low competitiveness level among 125 participant countries. While tradable goods
are pegged to the international market by the small country assumption, the price for tradable
goods does not change. The decline in services output leads to excess demand for services and
therefore to an increase in the price of services. The result is an increase in the price of
nontradables relative to tradables, inducing an appreciation of the real exchange rate. USAID
funded survey conducted by the Economic Research Center (ERC) in Azerbaijan reported 29%
annual CPI increase in 2007. Thus, the inflation in Azerbaijan has been higher that its main
trading partners, which contributed to the appreciation of the real effective exchange rate.
Summing up, in Azerbaijan, the positive oil shocks have been transmitted to the real exchange
rate through a partial sterilization of oil revenues and a considerable increase in price levels.

The dependence of economy on oil industry has played an important role in the relationship

between oil price and the real exchange rate.
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7. Conclusion

We have used cointegration technique to estimate EREER for Azerbaijan. Based on the
theoretical framework the main explanatory variables have been found to be terms of trade,
productivity differentials and real interest rate differentials. We have found that the Azeri manat
can be defined as an “oil currency”, since the real effective exchange rate shares a common
stochastic trend with the real oil price. This relationship is robust to the inclusion of the
productivity differential and real interest rate differentials as other determinants of long-run
equilibrium of the real effective exchange rate. Using cointegration relation we have estimated
permanent equilibrium level of real exchange rate and found undervaluation of national currency
in the years of increasing oil revenues after 2005, though it was close to its equilibrium level in
the last year of our sample period.

The magnitude of the error correction coefficients is consistent with the findings for other
developing countries, indicating the gradual convergence of the exchange rate toward long-run
equilibrium in approximately 4 years. The degree of exchange rate misalignment that the degree
of misalignment and its volatility is higher than it would have been under the flexible exchange
rate regime. The monetary expansion during the last four years was mainly driven by credit
expansion to private sector in lower credit spread, which has started to create inflationary
pressures in Azerbaijan and there is an emerging sign of real exchange rate appreciation due to
increasing inflationary differential relative to trading partners.

These results yield the following important policy implications for exchange rate policy in
Azerbaijan. First, the amount of transfers from the Fund into the State Budget in any year
shouldn't be above the Fund's average portfolio profits that will additionally account the

fluctuations of oil price in the world market. Second, no direct transfers should be allowed from
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the Fund into any public investment project or program and acceleration of domestic prices
should be kept under control to prevent inflationary pressures on appreciation of REER and at
the same time monetary expansion should provide enough liquidity to the development of non-
oil sector. Last but not the least, since REER is not overvalued, Central Bank should continue
with current pegged exchange rate regime and intervene in the market to prevent the depreciation

of REER as a result of sharp decrease in oil prices in the late 2008.
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Appendix

Table Al. Perron tests for unit root of REER
Specification A

Levels 1™ differences
Test Critical value Test Critical value
Statistics 1% statistics 1%
-2.39 -4.57 -9.33 -4.57

Specification B

Levels 1™ differences
Test Critical value Test Critical value
statistics 1% statistics 1%
-2.42 -4.88 -9.50 -4.88

Notes: A = 0.6 . The critical values are taken from Perron (1989)

Table A2. Lag selection criteria

Lag LogL LR FPE AIC SC
0 -38.45236 NA 4.20e-05 1.271358 2.299354
1 622.6563 1166.662 3.19e-09* -8.215533 -6.844872*
2 638.0566 26.27109 3.23e-09 -8.206714 -6.493388
3 654.8862 27.71944* 3.21e-09 -8.218915* -6.162923
4 665.9966 17.64587 3.49e-09 -8.147009 -5.748352
5 672.4005 9.794158 4.06e-09 -8.005889 -5.264567
6 681.7669 13.77412 4.55e-09 -7.908336 -4.824349
7 695.5412 19.44618 4.80e-09 -7.875606 -4.448954
8 708.4375 17.44787 5.15e-09 -7.829963 -4.060645

* indicates lag order selected by the criterion

LR: sequential modified LR test statistic (each test at 5% level)
FPE: Final prediction error

AIC: Akaike information criterion

SC: Schwarz information criterion

HQ: Hannan-Quinn information criterion

HQ

1.689110

-7.658531*
-7.510462
-7.383412
-7.172255
-6.891885
-6.655082
-6.483102
-6.298208
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Equation A1. Estimation results of the subset VECM
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Figure Al. Standardized residuals
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Figure A2.Residual autocorrelations
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