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ABSTRACT
This thesis studies the equilibrium real effective exchange rates and the degree of
misalignment of currencies. It focuses on the real effective exchange rates of Icelandic króna
and Chinese renminbi, with special attention paid to the evolution of these exchange rates in
the period of crisis. It identifies key factors influencing the real effective exchange rates of
króna and renminbi, calculates their equilibrium level and confirms that these currencies were
misaligned in the pre-crisis period. It stresses the impact of real interest rate differential in the
case of króna and of sterilization operations applied by the People´s Bank of China in the case
of renminbi. It further examines whether the relationship between real exchange rates and
economic fundamentals was distorted in the crisis. Finally, the thesis provides an insight into
whether the crisis led to narrowing the degree of misalignment of renminbi and króna.
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ABSTRAKT
Tato diplomová práce se zabývá rovnovážnou úrovní reálných efektivních směnných kurzů a
mírou odchýlení od této rovnovážné úrovně. Soustřeďuje se na reálný efektivní směnný kurz
islandské koruny a čínského renminbi, přičemž zvláštní pozornost je věnována vývoji těchto
kurzů v průběhu krize. Odhaluje klíčové faktory ovlivňující reálné efektivní kurzy koruny a
renminbi, odhaduje jejich rovnovážnou úroveň a potvrzuje, že kurzy těchto měn byly výrazně
odchýleny od této rovnovážné úrovně v období před krizí. V případě islandské koruny je
zdůrazněn vliv kladného diferenciálu reálných úrokových měr, v případě čínského renminbi
pak důsledky sterilizačních opatření prováděných Čínskou centrální bankou. Tato práce dále
zkoumá, zda během krize došlo ke změně ve vztahu mezi reálným efektivním směnným
kurzem a ekonomickými veličinami. V neposlední řadě je zkoumáno, zda se renminbi a
koruna přiblížily během krize své rovnovážné úrovni.
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Introduction
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frequent indicators of a currency crisis will be pointed out.
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Macroeconomic characteristics of individual countries will be compared in order to depict the ones
with high potential impact on exchange rates during crisis.
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government deficit.
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INTRODUCTION
There are two main motivations for estimating equilibrium exchange rates after the
global crisis. First, the issue of exchange rates has been discussed in media in the context
of currency wars. On October 8, 2010 International Monetary Fund Managing Director
Dominique Strauss-Kahn warned against manipulating the exchange rates in order to gain
competitive advantage. Such actions might result in currency wars and in the end only
slow down the recovery from the crisis. It is therefore important for countries to keep the
real exchange rates at levels which reflect countries´ fundamentals.
The other reason is that according to the data published by the Bank for International
Settlements the volatility of both nominal and real effective exchange rates was higher for
majority of countries during 2008-2009 than over the period 1994-2007. Therefore, it is of
interest to compare the behavior of exchange rates before the crisis to their evolution
during the crisis in order to see whether the role of fundamentals changed in the period of
distress.
We focus on two countries, Iceland and China, and we estimate the equilibrium
effective exchange rates of Icelandic króna and Chinese renminbi. We find these two cases
interesting because both currencies were suspected to deviate substantially from their
equilibrium level in the years preceding the crisis (in opposite directions). Moreover, these
countries experienced quite different evolution during the crisis, both with respect to
exchange rates and to output growths. In fact, Icelandic króna was considered to be
overvalued during the pre-crisis period and then dropped dramatically within a few
months. On the contrary, Chinese renminbi was probably undervalued before the crisis and
then started to appreciate in 2008. In these two specific cases one could actually suspect
that the crisis helped to bring the exchange rates closer to their equilibrium levels.
This thesis aims at answering the following questions. What are the main driving
forces behind the exchange rates of Icelandic króna and Chinese renminbi? Did the crisis
modify the relationship between real exchange rates and fundamentals? Is there evidence
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supporting the hypothesis that in these two specific cases the crisis helped to reveal
misalignment of renminbi and króna and brought these currencies closer to their equilibria?
In order to answer these questions we structure the thesis as follows. Chapter 1
provides some theoretical background. We briefly present some definitions of nominal and
real exchange rates, which enables us to identify major driving forces behind the exchange
rates. The most common concepts of estimating the equilibrium exchange rates are
described and a literature review dealing with potential misalignment of Chinese renminbi
and Icelandic króna is provided in this chapter.
In the following chapter we summarize the evolution of the exchange rates of
Icelandic króna and Chinese renminbi in the pre-crisis period and during the crisis and
explain these developments.
Finally, using properties of vector autoregression models (VAR), we estimate the
relationship between real exchange rate and a set of fundamental variables, which we
identify to be key for the exchange rate determination in Chapters 1 and 2 for each of the
currencies. We check the robustness of the results by testing for a structural break in the
third quarter of 2008, when the financial crisis spread into the real economy and exchange
rates became more volatile, as well as by comparing our estimates to the ones which are
based on a sub-sample period excluding the period of crisis.
Finally, based on the estimated relationships and some additional assumptions about
equilibrium values of fundamentals, we calculate the equilibrium exchange rates and we
report the degree of misalignment of Icelandic króna and Chinese renminbi in the period
1998-2009.
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1 THEORETICAL BACKGROUND
1.1 Approaches to the real exchange rate
We will discuss both nominal and real exchange rates development. Nevertheless for
the estimation of the equilibrium exchange rate the rate in real terms is used since the
nominal rate is influenced by the choice of the exchange rate regime. There are several
concepts of the real exchange rate (RER).
First, the most common definition of the exchange rate is
 =

× ∗


(1)

where E is the nominal exchange rate in form of units of foreign currency per one unit of
domestic currency, P* and P are foreign and domestic price levels respectively, measured
usually by the consumer prices index or the unit labor costs index. The choice of the price
level measure influences crucially the value of the RER. To avoid errors which might arise
from different standards of computing price indices we will use the CPI index from the
OECD database in all our calculations.
In practice we will work with effective exchange rates that are defined as geometric
weighted average of a number of bilateral exchange rates (deflated by price indices). The
effective exchange rate takes into account a whole basket of currencies and therefore it can
be taken as a measure of competitiveness of a country relatively to the others.
The real effective exchange rate used for our calculations will be constructed
according to the method used in Bayoumi, Lee and Jayanthi (2006), which can be
described by the following formula:
 = ∏

 × 

 × 





,

(2)

where index i refers to the home country, while indices j ´s indicate individual trade
partners of the home country, Ei and Ej are the nominal exchange rates of the domestic and
partners´ currency relatively to the U.S. dollar. Exchange rates are expressed in dollars per
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unit of the local currency. Wij denotes the weight of each currency in the basket and it
reflects the share of trade with country j on the total external trade of the domestic country.
In some cases the definition of real exchange rate may coincide with the definition of
terms of trade (ToT). Terms of trade are usually defined as the ratio:
 =

 

,


(3)

thus price of a unit of typical good of export divided by the price of a unit of typical good
of import. Montiel (2002) makes a brief overview of different approaches to RER and
shows in which conceptions these two variables overlap. For instance, Mundell-Fleming
model assumes that home economy only produces one (composite) good that does not
represent perfect substitute to the good produced by the rest of the world. In this case the
real exchange rate can be expresses as:
 =

∗
× 

 

,

(4)

where E is again the nominal bilateral exchange rate, Pim is the price of the imported good
(in foreign currency) from the rest of the world and Pex stands for the price of the exported
domestic good (in domestic currency). In this case, the RER is obviously simply the
inverse of the terms of trade. When we consider several types of goods produced both
domestically and abroad, however, RER and terms of trade must be treated as two distinct
variables.
Yet, they are closely related. The ToT are linked to current account of the country. An
increase in demand for exports of the domestic country pushes up the price of exports and
hereby also the ToT and raises foreign demand for domestic currency. The increase in
demand for domestic currency then leads to real appreciation of the exchange rate. This is
why terms of trade are often being used as one of the explanatory variables for real
effective exchange rate movements. In practice, several approaches to approximate the
prices of typical goods of export and import are used.
Chen and Rogoff (2003) argue that simplified version of ToT under the form of
“exports to imports ratio” is not optimal when the variable is to be used in order to explain
RER movements. They claim that when nominal rigidities are present this usual measure
of terms of trade, which does not distinguish between prices of goods and prices of
4

services, may lead to identification of a correlation between real exchange rate and terms
of trade which is in fact false. Moreover they suggest that there may be an endogeneity
relation between the prices of export and real exchange rate1.
To account for these problems Chen and Rogoff propose, especially for countries
whose exports consist mainly of commodities, to use so called commodity terms of trade.
These only take into account prices of exported and imported commodities, whose prices
are determined on global markets.
Ricci, Milessi-Ferreti and Lee (2008) use the commodity terms of trade under the
form:
 =











∏ 
∏

,

(5)

where commodity prices Pi ´s are measured against prices of manufactured goods
(represented by the manufacturing unit value index). This measure is supposed to be less
troubled with endogeneity problems and should be a better indicator of real exchanges rate
movements.
Third approach to the real exchange rate uses the distinction between tradable and
non-tradable goods and the theory developed by Balassa (1964) and Samuelson (1964)2.
This approach defines the real exchange as:
 =

 !
!

,

(6)

where PT and PNT refer to the price of the tradable good and the price of the non-tradable
good in domestic currency. The dynamic version of Balassa´s theory considers two
economies with different paces of productivity growth. In both countries real wages are
determined by marginal product of labor in the tradable sector. Perfect labor mobility is
assumed between sectors but zero mobility across countries. Nominal exchange rate is

1

Suppose that a country is the main exporter of a specific good. Then the price of this good on the markets may
be dependent on the value of the exporter´s currency. At the same time it influences the exchange rate through
the terms of trade.
2
The idea of so called Balassa-Samuelson effect was formulated in 1964 by Paul Samuelson in the article
Theoretical Notes on Trade Problems and by Béla Balassa in The purchasing Parity Doctrine: A Re-appraisal.
We interpret the Balassa´s version.
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supposed to adjust to the movements in productivity in the tradable sector relatively to
productivity in non-tradable sector in the home and foreign country.
Let´s assume that in the domestic economy relative productivity in the tradable sector
to productivity in the non-tradable sector grows faster than the corresponding variable in
the foreign economy. By definition, the increase in productivity is in fact an increase in
marginal product of labor and is accompanied by a raise in wages. Now difference in the
productivity growth is larger in the tradable sector than in the non-tradable one. At the
same time, by assumption, wage increases in both sectors reflect the growth of the
marginal product in the tradable sector only and “spill over” into the non-tradable sector.
This will result in a differential in the growth of wages in the non-tradable sectors between
countries which is greater than their productivity growth differential. Then also prices of
non-tradable goods in the domestic economy will grow faster relatively to non-tradable
goods abroad then the relative productivity growth would imply. Finally, given that in each
country the overall inflation is given by the weighted average of inflations in both sectors,
the inflation differential between countries will be higher than their overall productivity
growth differential.
Recalling formula (2), inflation does enter the calculation of real exchange rate, which
is why the relative productivity growth in tradable sector with respect to non-tradable
sector also constitutes an important determinant of the real exchange rate development.

1.2 Determinants of the real exchange rates
From the three approaches to real exchange rate we derived two main driving forces
behind real exchange rates movements: terms of trade and relative productivity growth.
There are, however, also other factors, which have at least temporary impact on the real
exchange rate.
One of them is real interested rate differential. Suppose that domestic economy
offers higher interest rates relatively to other countries. Then investor will be more willing
to lend money to the domestic economy than to others since it offers higher returns (under
the assumption of equal expected inflation rates). Domestic country will start to
accumulate foreign currency, which will result in the real exchange rate appreciation. The
6

relation is captured by uncovered interest rate parity UIP, which, in nominal terms can be
written3 as:

#$%
&#

#

'( #,#$%
∗
'( #,#$%

=

,

(7)

where index e refers to expected value, Et+k and Et are of nominal exchange rates in
corresponding time periods t and t+k, it,t+k and i*t,t+k stand for domestic and foreign
nominal interest rates in time t for k periods. Substituting the nominal exchange rate by the
real one using the formula (1) we get:

)
#$% × #$%
∗

#$%
)# ×  #
#∗

−1=

'(,#,#$%
∗
'(,#,#$%

×

'(-
'(.

,

(8)

where rt,t+k and rt,t+k are real interest rates in time t for k periods. Now, when expected
relative domestic and foreign inflation term

'(-
'(.

is subtracted from both sides of the

equation we get the equation in real terms. It can be easily seen that a percentage change in
real exchange rate requires the real interest rate differential of

'(,#,#$%
∗
'(,#,#$%

. When domestic

real interest rate exceeds the foreign one, the exchange rate is expected to appreciate.
Conversely, when the foreign interest rate is higher than the domestic one, the exchange
rate is expected to depreciate.
Development in real interest rates may hence also help to explain real exchange rate
movements. Empirical studies estimating the impact of interest rate differentials to the
RER bring miscellaneous results. Chortareas and Driver (2001), however found evidence
for such relationship4. We will include this variable in our calculations to account for short
term deviations of real exchange rates from their equilibrium values.
Another important determinant of RER is the amount of net foreign assets (NFA) or
net foreign debt of the country. Lane and Milesi-Ferretti (2006) stress that globalization
led to huge capital flows which allowed accumulating substantial stocks of foreign assets
or liabilities. Therefore, it becomes more important to turn the attention to net investment
3

See for example Chortareas and Driver (2001), p. 10.
They showed that the existence of a long-run stationary relationship between the two variables depends on the
sample of countries the analysis is performed on. While they confirmed this existence on the data of 17 industrial
countries, they rejected it in the sample of only G7 countries.
4
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positions of countries rather than to their gross positions when we are interested in
explaining changes in the exchange rate. The amount of cumulated net foreign assets (or
debt) influences the real exchange rate via intertemporal substitution. A country which is
heavily indebted (in net terms) may need to depreciate its currency in order to generate a
trade surplus that would service the payments of the debt in future. Lane and MilesiFerretti (2006) find strong evidence for this relationship. To make the NFA comparable
among countries, the value of NFA is usually divided by country´s GDP or its volume of
external trade, see, for instance, IMF (2006).
Government expenditures also may have an impact on real exchange rate.
Government tends to spend money rather on non-tradable goods than on tradable goods.
An increase in government expenditures raises the price of non-tradable goods relatively to
tradable goods and hereby contributes to the real exchange rate appreciation.
Last but not least, measures of price controls and trade restrictions may be included
among explanatory variables of the real exchange rate when in the countries of interest
these factors significantly influence the price level. For instance, openness to trade, which
can be defined as the ratio of imports to GDP or total trade to GDP5, is being used to
account for potential liberalization effect.
We have identified several important factors which affect real exchange rate and
explained how they influence the RER. The following section provides a formal model
combining the effects of all major variables affecting the RER, which allows deriving the
equilibrium level of the RER.

1.3 Formal model of equilibrium exchange rate
In order to assess actual RER behavior we need a definition of equilibrium real
exchange rate to which the actual RER could be compared. Most of our empirical
calculations will be based on a simplified version of the theoretical models used in Montiel
(2002) and Baffes, Elbadawi and O´Connell (1997). Precisely, we will use a dynamic
model developed in a static framework. Montiel´s model not only distinguishes between
tradable and non-tradable goods, but further divides tradable goods into exportable and
5

See for example estimations in Baffes, Elbadawi, and O´Connell (1997) or in Montiel (2002)
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importable goods in order to incorporate the influence of terms of trade on the real
exchange rate. Exportable goods are assumed not to be consumed in the home country.
This implies that real exchange rate can be defined in two ways: as the real exchange rate
for exportable goods:
/012,3456/7 =

 !

,

(9)

 !

.

(10)

 

or the real exchange rate for importable goods:
 812,3456/7 =



The analysis is developed for the latter.
Equilibrium exchange rate is defined as the rate that ensures that domestic country
reaches both internal balance and external balance. Internal balance refers to the situation
when labor market and market for non-tradable goods clear, which requires the supply of
non-tradable goods to matche its demand. This is represented by the equation:
9:; = <:; + >:; = ?1 − @A


!

B

+ >:; ,

(11)

where Yn is the total output of non-tradable goods, GNT and CNT are government,
respectively private spending on non-tradable goods, Q stands for current real exchange
rate and Ѳ stands for the share of private spending devoted to tradable (importable) goods.
Supply of non-tradable output YNT is dependent on the current real exchange rate and terms
of trade. When GNT increases, the real exchange rate Q must appreciate in order to
maintain internal equilibrium.
External position of a country depends on cumulative foreign exchange inflows and
outflows. In one specific year the change in country´s external position can be described by
the equation:
∆DEF = G + HDEF = 9;8 + 9;/0 − >;8 − @<;8 + HDEF ,

(12)

where NFA refers to net foreign assets and TB to trade balance. The trade balance is given
by the supply of tradable (importable and exportable) goods YTim + YTex minus the domestic
demand for them GTim + CTim. r refers to real yield on foreign assets.
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Now, external balance is assumed to be reached when the external position of a
country meets steady state equilibrium, i.e. when ∆DEF = 0 and the cumulative volume of
net foreign assets remains constant in time.
Assuming this criterion to be met and combining both equations (11) and (12) through
CTim we can express the real equilibrium exchange rate as a function of the following
variables:
 = J = K?9:; , 9;8 , 9;/0 , >;8 , >:; , HDEF) ,

(13)

where 9:; , 9;8 , 9;/0 and HDEF are endogenous in the model and >;8 , >:; are considered
as exogenous. We will take this equation as the basis for the choice of explanatory
variables affecting the level of real equilibrium exchange rate.
Now that major driving forces behind the real exchange rates have been identified and
a formal model deriving the equilibrium exchange rate formulated we need to choose
appropriate method for the equilibrium real exchange rates estimation. The following
section provides a brief overview of the techniques.
It should be pointed out that equilibrium real exchange rates are usually estimated in
form of real effective exchange rates (REER) rather than bilateral exchange rates.

1.4 Methods used to estimate the equilibrium REER
IMF (2006) summarizes the most commonly used methods of estimation of the
equilibrium real effective exchange rates into three approaches: macroeconomic balance
approach, external sustainability approach and equilibrium real effective exchange rate
approach in the reduced form.
Macroeconomic balance (MB) estimation is made in three steps. The goal is to
predict the current account balance (CA) for the medium term. First, a regression with
historical values of CA balance as the dependent variable is performed. Fundamental
macroeconomic variables such as population growth, dependency ratio, net foreign assets
and economic growth are used as explanatory variables. In the second step the estimated
parameters from the regression together with forecasts of the fundamental variables are
used in order to predict the current account balance prevailing in the medium term. The
10

prediction is then taken as a “current account norm”. Finally, the CA balance that would
occur at zero output gap is compared to this current account norm computed in previous
step. The change in the exchange rate required for the current account norm to equal to the
“zero output gap CA” represents the exchange rate misalignment.
The macroeconomic balance approach is used to assess the medium-term real
exchange rate. Therefore, several-years observations are aggregated into one observation in
order to minimize fluctuations of variables.
Another approach is the external sustainability approach, which uses similar
methods as the macroeconomic balance approach, but stresses the role of net foreign
assets. Key element of the estimation is choosing a sustainable (or “benchmark”) level of
the stock of net foreign assets. The “sustainable” level of net foreign assets may differ
across countries reflecting their specificities, for instance, their degree of openness to trade.
After the benchmark level of NFA is set, the ratio of trade balance (or CA balance) to
GDP, which is compatible with keeping this stock of NFA constant, is calculated. In the
following step, trade (or CA) to GDP ratios which are expected to prevail in the medium
term are estimated. The last step consists in computing the change in REER which is
necessary for the actual and the sustainable trade balance to GDP ratios to equal.
Real equilibrium exchange rate approach is the third method. Sometimes it is being
referred to as “reduced form” of MB approach. In fact, the long-run relationship between
exchange rate and a set of fundamentals is directly estimated in a regression. Afterwards,
equilibrium exchange rate is calculated using this estimate and levels of fundamentals
which are supposed to prevail in the medium term. The misalignment of the REER is then
calculated as a simple difference of the equilibrium and actual REER.
Panel versus country-specific estimation
Both panel regressions and country specific estimations can be used to depict the
impact of individual fundamentals on REER. The two methods have their advantages and
shortcomings. Panel estimation may help solving the problem of very short time series. It
is also used to identify the long-run equilibrium because it abstracts from short-term trends.
On the other hand country-specific estimation may better reflect short-term tendencies and
captures particularities of the country of interest.
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Since we are interested in two specific countries we opted for country-specific
estimation of equilibrium exchange rates and single-equation (the reduced MB form)
method. We choose to estimate the equilibrium exchange rate of Icelandic króna and
Chinese renminbi because a number of studies pointed out that these currencies were
significantly misaligned before the global crisis. The next section provides an overview of
these studies.

1.5 Former studies estimating the misalignment of Icelandic króna
and Chinese renminbi.
The following table summarizes previous estimations of króna´s and renminbi´s
misalignment.
Currency

Paper

Method

year

misalignment

Króna

Tchaize (2007)

MB approach

2006

17-23%

Króna

Tchaize (2007)

ES approach

2006

8-11%

Króna

Tchaize (2007)

REER approach

2006

13-16%

Renminbi

Courdet and Couharde (2005)

ES approach

2003

-23%

Renminbi

Goldstein (2004)

MB approach

2003

-15-25%

Renminbi

Chen (2006)

REER approach

small undervaluation

Renminbi

Su (2009)

REER approach

2005
20042007

-1.13- 8.69

We can see that the magnitude of computed misalignment is dependent on the method
used. At the first sight it seems that using macroeconomic balance method yields higher
degree of misalignment than REER approach. It is, however, important to note, that even
the methods classified in the same category are not completely comparable. Algorithms, as
well as choice of explanatory variables vary more or less across studies.
Moreover, the measured misalignment refers to different time periods. Most of the
papers dealing with RMB´s undervaluation focused on the period before 2005, i.e. before
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China switched to more flexible exchange rate. After the reform, RMB started to
appreciate and the topic lost some of its attractiveness, at least until the crisis.
On the contrary, suspicion about Icelandic króna´s overvaluation intensified in 2005,
2006 and 2007 due to development of Iceland´s external debt, which will be discussed in
the following chapter.
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2 EFFECTIVE

EXCHANGE RATES OF

ICELANDIC

KRÓNA AND CHINESE RENMINBI

Chapter 2 describes how the exchange rates of Icelandic króna and Chinese renminbi
fluctuated from 1994 to 2010, which factors had major impact on these fluctuations and
what were the reasons for which these currencies were thought to be out of their
equilibrium level. We start with the case of króna.

2.1 Icelandic króna
First, evolution of the exchange rate of ISK is described and explained.
2.1.1

Development of the exchange rate

To capture changes in value of a currency effective exchange rates are better than
bilateral rates as they are not so much influenced by exchange rate volatility of one
particular partner. Nominal and real effective exchange rates evolution is illustrated in the
following graph.
Graph 1: Development of effective exchange rates of króna from January 1994 to July 2010, index: 2005=100

Source: data from the BIS database
While nominal effective exchange rate reflects the value of a currency relatively to
currencies of trading partners, real effective exchange rate is a measure of their relative
competitiveness. Since real effective exchange rate is computed as the nominal effective
14

exchange rate (NEER) adjusted for inflation, the real rate is above the nominal rate in
periods when the domestic inflation exceeds the inflation of the trading partners. We can
see that for króna this was particularly the case in 2008 and 2009, when inflation in Iceland
reached 12.7 % and 12 %. In the preceding years, from 2000 to 2007 average inflation in
Iceland was much lower, equal to 4.725 %.
We can see that both NEER´s and REER´s fluctuations are much more pronounced
from 2000 on then in the previous years. This is probably, at least to some extent, due to
the shift to more flexible exchange rate regime in 2000. Another reason for the increased
volatility was attractiveness of króna for speculators because of high interest rates in
Iceland.
Króna was appreciating most of the time over the period 1996-2010. Three drops
interrupted this general upward trend of the REER. The first one lasted from May 2000 to
November 2001, the second one from November 2005 to April 2006 and the third one
from October 2007 to September 2009. Regular Monetary Bulletins of the Central Bank of
Iceland (CBI) describe in detail which factors were behind the króna´s appreciation.
The most important one is probably the development of interest rate differential
between Iceland and other industrial economies throughout 2000-2010. Policy interest
rates were much higher in Iceland than abroad and even though inflation was also
substantial, the real interest rate differential was still positive. Graph 2 shows that since
2001 the effective exchange rate actually copied the trends in the interest rates´ spread.
Graph 2: Twelve-month money market bills interest rates´ differential and effective exchange rate

Source: the CBI, Monetary Bulletin 2005/4, p. 46
According to the CBI the policy of high interest rates aimed at reducing inflation
which was pushed by domestic demand and housing prices. It had two main consequences.
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First, it motivated foreign investors to buy domestic securities and hereby led to
accumulating of foreign capital. Second, it made domestic credit expensive relatively to
international sources which were easily accessible and resulted in accumulation of foreign
debt and increased external exposure.
Another factor which contributed to the appreciation of króna was issuance of krónadenominated Eurobonds. According to Cohen (2005) strong currency, high long-term bond
yields and boasting domestic demand for credit are favorable conditions for Eurobonds
issuance as investors tend to disregard the relationship given by UIP (which is often
violated) and assume that the interest rate differential combined with strong currency will
generate higher investment returns in near future. All these conditions were met in Iceland
in 2003-2005. Eurobonds started to be issued in August 2005, which further contributed to
appreciation of the króna.
As for the three declines in the exchange rate, the first one can be assigned to
overheating of the economy, which resulted in macroeconomic imbalances that cumulated
in the period 1998-2000 (CBI 2006, Monetary Bulletin 2006/1, p. 7), and led the CBI to
modify its monetary policy target.

In 1998 the inflation in Iceland started to grow,

reflecting the in quickly increasing consumption and investment in non-tradable goods.
The Central Bank of Iceland first reacted by widening the fluctuation band of the exchange
rate of ISK from 2.25 % to 9 % in February 2000. Króna started to depreciate sharply in
the following months but inflation was not reduced. Therefore, Iceland switched from a
currency peg to with reference to a basket formed from USD, ECU and Japanese Yen to
free floating regime and inflation targeting system in March 2001. The NEER dropped by
more than 20 % in the period 2000-2001 but the inflation was successfully reduced and
króna started to appreciate again by the end of 2001.
Second fall in the effective exchange rate had a lot to do with panic on the foreign
exchange markets. Króna weakened by the end of 2005, but major drop came in February.
On February 21 2006, one of the major credit rating agencies, Fitch, announced a negative
change in the outlook for the Icelandic Treasury’s rating in a press release. Although the
rating itself remained unchanged its perspective for future was changed from “stable” to
“negative”. The change was motivated by concerns about the size of the banking sector
which tripled from 2003 to 2005 and from a large part was financed by issuance of debt
securities. Structure of Icelandic bank´s liabilities is illustrated in Figure 1.
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Figure 1: Composition of liabilities of the three largest commercial banks in Iceland
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Source: data from the CBI
The day of the announcement of the decline of Fitch´s rating the NEER index (published
by the Central Bank of Iceland) depreciated by 4.4 %. It has been rather volatile in the
following days and started to fall even further after March 8, when another publication
focused on the imbalanced Icelandic banking sector. Icelandic banks had to explain their
structure and adjust their activity in order to restore confidence in the banking sector. On
March 16, Standard & Poor’s Ratings assessed the outlook for Iceland as stable, which
probably helped to króna returning back on the appreciation path in April 2006. Clearly the
impact of credit rating agencies´ reports on exchange rate developments was crucial in this
episode.
The last serious crash of króna begun with relatively innocent-looking depreciation in
October 2007. In July 2007 the volatility of the exchange rate intensified due to the crisis
on the subprime mortgages markets in the US, which spread to the global markets,
increased risk premia and caused first liquidity problems. Although the CBI stressed a few
times that the real exchange rate reached historical values and was probably above its
equilibrium level, by the end of 2007 the forecasts for króna were still rather optimistic6,
expecting stable strong position or only slight depreciation.
The changeover came in the beginning of 2008. Reflecting the conditions in the
banking sector (which remained highly leveraged), the spreads of credit default swaps
(CDS) on Icelandic banks started to widen gradually in the last quarter of 2007.

6

Monetary Bulletin 2007/3 compares the CBI´s and other analysts´ forecasts for króna´s development and
concludes that no significant depreciation should occur before 2009.
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Graph 3: CDSs of Icelandic banks and Itraxx Financial Index

Source: the CBI Monetary Bulletin 2008/1, p. 23
Combined with worsening liquidity conditions on the global markets the CDS spreads
started to spur even more rapidly by the end of January 2008. Soon afterwards, increased
credit risk premium captured by CDS spreads on the interbank market was translated to the
foreign exchange (FX) market as well, causing a drop in (FX) swap-implied ISK rate. It
became unprofitable to have a long position on ISK and a large number of investors being
long on króna closed up their position. Hence, the two main sources of foreign capital
inflows dried up, leading to sharp depreciation of króna, especially in March 2008.
The CBI reacted to the situation by increasing the policy interest rate by 1.25 % to
15 % on March 25, which improved the real interest rate pushed down by increased risk
premium. In addition, risk-free Treasury notes were issued. Both measures aimed at
restoring inflows of foreign currency to the country and helped stabilizing the exchange
rate in the following months.
Nevertheless, the failure of Lehman Brothers in September 2008 triggered true panic
on international financial markets and virtually stopped the inflows of foreign capital to
Iceland. Icelandic banks had large share of activities abroad and their liquidity was
dependent on foreign capital. According to Financial stability report 2009, Icelandic banks
had 2/3 of total deposits denominated in foreign currency. Tight liquidity conditions that
arose on all the developed capital and money markets were therefore even tougher in
Iceland than elsewhere. The lack of trust among financial institutions can be illustrated by
the collapse of interbank lending in September and especially October 2008.
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Graph 4: Volume of transactions on the interbank market for króna, ISK millions

Source: data from the CBI
The fact that even the domestic interbank market stopped functioning properly caused
that many financial institutions found themselves facing bankruptcy. This led government
to authorize Icelandic Financial Supervisory Authority to adopt special measures in order
to save the declining banking sector which was bringing the whole Icelandic economy into
depression. Króna fell sharply reflecting the situation of the banking sector. The CBI had
to set restrictions on purchase of foreign currency within Iceland to prevent further
depreciation and on October 15 introduced a temporary system of euro-auctions. Central
bank provided foreign currency from its reserves in auctions for which banks were biding.
The exchange rate was fixed accordingly to the amount of bids accepted in the auction
(CBI 2009, Financial Stability Report, p. 40). The volume of foreign currency traded via
auctions was, however, very limited and could not satisfy the needs of economy. Foreign
currency shortage resulted in development of dual market for króna – regulated onshore
market and informal offshore market quoting much less favorable exchange rate (CBI
2008, Monetary bulletin 2008/3, p. 5).
The situation only improved in December 2008 when restrictions on capital outflows
from the country were imposed and restrictions on foreign exchange purchases withdrawn.
This enabled the interbank foreign exchange market to start functioning again and price of
króna to be determined on this market (although offshore markets for króna remained
working for some time as well).
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To illustrate the scope of the exchange rate movements it can be mentioned that from
September 2008 to November 2008 the NEER index measured by the BIS fell from 61.56
to 45.93. It started to increase moderately in December and fell again in the second half of
2009. Since then the effective exchange rates are improving.
2.1.2

Reasons for potential misalignment

We showed that króna was appreciating significantly most of the time since 1996 until
the crisis. It is important to note that the period of real appreciation went hand in hand with
the period of economic expansion. Average GDP growth from 1996 to 2007 was 4.72 in
Iceland, compared to 3.1 in the USA and 2.25 in the euro area (EA), i.e. Iceland´s main
trading partners. Moreover the growth intensified in 2004, 2005 and 2007 which exactly
matches the periods of acceleration of króna´s appreciation. Due to relatively high inflation
the average real GDP growth rate was lower, equal to 3.39, but still outperforming those of
the USA or EA. In fact, the CBI claims that “the rate of growth in the economy has
repeatedly come as a surprise” (CBI 2006, Monetary Bulletin 2006/3, p. 5).
The expansion was, however, highly imbalanced and caused serious deterioration of
Iceland´s current account balance. Most important factors behind the growth were massive
private consumption and substantial investment, especially in power and aluminum sectors.
Total investment on projects such as the construction of Fjarðaál smelter or the expansion
of Norðurál smelter and related power facilities summed up to more than ISK 250 billion,
distributed from 2001 to 2009 with largest expenditures in 2005 and 2006. For comparison,
the average Icelandic GDP in 2001-2009 was ISK 1093 billion. Hence, the costs amounted
to about ¼ of annual GDP.
These projects were expected to worsen the current account balance of Iceland due to
necessary imports of investment goods and services. In 2006, net imports to Iceland totaled
133 billion krónur and the CBI estimated that investment in aluminum and power sectors
could actually account for almost half of the sum. However, negative impact on the current
account was supposed to be only temporary. In the long run, exports of aluminum industry
should have positive impact on the trade balance (CBI 2006, Financial Stability Report,
p. 11).
Large investment projects were not the only contributor to the large current account
deficits that Iceland has experienced since 2003. Increasing foreign indebtedness, which
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was to great extent due to surging private consumption, played an important role as well.
Following graph shows evolution of the composition of current account.
Graph 5: Current account composition in 1997-2009, % of GDP

Source: data from the CBI
We can see that in 2005 and 2006, when the expenditures on aluminum and power
projects were highest, the greatest part of CA balance was represented by trade deficit. As
the indebtedness of the country increased, income balance started to constitute greater part
of the CA balance than the trade balance. Deterioration of the income balance was caused
by interest payments on accumulating foreign liabilities. Already in 2001 the net external
debt of Iceland was rather large in international comparison It amounted to roughly 100 %
of GDP. Despite the high level it started to accumulate in 2003 and within three years the
ratio of net external debt to GDP doubled, as shown in Graph 6.
Graph 6: Net external debt of Iceland as % of GDP, 1997-2009

Source: data from the CBI
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Boom in domestic consumption generated opportunity for financial institution´s
expansion. Financial sector grew substantially in the last decade in Iceland. In 1998
financial intermediation represented about 3.72 % of the annual GDP. The share was
increasing along with financial institutions´ scope of activities and reached 7.32 % in 2008.
Financial sector´s expansion can be best illustrated on the development of Icelandic
credit system´s total assets. From 1990 to 2002, thus within 12 years, the size of financial
system gradually increased from 200 % of GDP to 400 % of GDP in 2002. Afterwards, the
growth accelerated, so that it more than doubled in just 5 years, reaching nearly 1200 % of
GDP in 2008.
Graph 7: Assets of the credit system in Iceland, %GDP

Source: data from the CBI
This jump can be explained by various factors. One of the factors is definitely large
domestic demand, which raised domestic demand for credit. Another reason is that the
banking sector has undergone some major changes since 1990´s, such as privatization and
deregulation of the sector. In 2003 two state-owned banks, Landsbanki and Bunadarbanki,
were privatized. In addition, some mergers and acquisitions took place in this period, so
that when the crisis started, there were 3 large commercial banks in Iceland: Glitnir,
Kaupthing Bank and Landsbanki, whose consolidated assets accounted for more than 80 %
of the total assets of the banking sector.
Economies of scale and scope incurred by these structural changes of the financial
sector also certainly contributed to the rapid growth of the sector. Financial institutions´
expansion was from the largest part financed by issuance of debt securities. Banks were
therefore heavily dependent on short-term debt and exposed to re-financing risk. When
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financial turmoil begun the size of the banking sector and its fragile structure proved to be
major weaknesses of Icelandic economy.
To sum up, we can say that in the run-up to the crisis Iceland was characterized by
typical features of an over-heating economy. On the one hand there was massive domestic
demand, important investments and a boom in the financial sector, which fueled economic
growth. On the other hand there were accumulating imbalances, because the growth was
financed by increasing indebtedness of households, firms and financial institutions.
Normally, imbalances of such a scope would be reflected in higher risk premium on trades
with indebted Icelandic institutions. In the case of Iceland, however, the risk premium
seems to have been taken into account only when global financial conditions deteriorated.
In “good times” the risk was probably underestimated. Otherwise there would not be
inflows of foreign capital large enough to let króna appreciate despite substantial foreign
exchange outflows incurred by the current account deficits.

2.2 Chinese renminbi
We will now focus on Chinese renminbi, the development of its exchange rate and
reasons for potential misalignment of the exchange rate.
2.2.1

Development of the exchange rate

Chinese renminbi experienced completely different evolution during the last decade
and especially during the financial crisis then Icelandic króna. Looking back to the history
of RMB, it is important to note that before 1994 renminbi was not exactly a convertible
currency. There was an official rate which was pegged to dollar at 1.5 RMB per dollar in
1979. It was devaluated several times, reaching some 5.8 RMB per dollar in 1993.
However, different floating swap rates for exports of manufactured goods coexisted with
this official rate in different regions. Moreover there were exchange controls on all capital
account and current account transactions and all such transactions had to be done via
public companies. This system allowed keeping administrated prices in China separated
from world´s market prices (McKinnon and Schnabl 2009, p. 4).
In line with China´s opening-up policy an exchange rate reform aiming at simplifying
the system was agreed in November 2003. Unification of the exchange rate was put into
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practice at the beginning of 1994. Exchange controls on current account transactions were
lifted and multiple export-supporting exchange rates were harmonized with the official
rate, which was devaluated to 8.62 RMB per dollar. The devaluation and the simplification
of use of foreign exchange for enterprises and banks aimed at supporting country´s exports.
The new adopted system is officially being referred to as “managed floating regime based
on market supply and demand” (PBC, 2010). Economists usually consider the exchange
rate from 1994 to 2005 to be de facto pegged to dollar, as there were barely any
movements in the bilateral nominal exchange rate RMB/USD during this period.
Graph 8: Official nominal exchange rate RMB/USD

Source: data from the OECD
In 1995 renminbi appreciated to 8.28 RMB per dollar and this rate basically remained
unchanged until another reform in 2005. Keeping the exchange rate stable even through
Asian financial crisis, when many Asian countries devaluated their currency, probably
helped to avoid devaluation currency wars and fastened the recovery in the region (PBC
2008, p. 7).
Despite the de facto fixed exchange rate vis-à-vis dollar effective exchange rates
fluctuated significantly. The following graph shows the NEER and REER indices of
renminbi relatively to 41 trading partners since 1994.
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Graph 9: Development of effective exchange rates of the RNM from January 1994 to July 2010, 2005=100.

Source: BIS data
We can see that until 2002 the inflation in China was on average higher than inflation
in partner countries since the REER index was above the NEER index. In fact, Kinnon and
Schnabl 2009 argue that high and volatile inflation was one of the main motives for the
exchange rate reform adoption in 1994. They claim that China needed a stable external
anchor to limit price level fluctuations. We can see that this goal was achieved, because in
2000 the gap between REER and NEER narrowed significantly and from 2002 on the
inflation differential vis-à-vis trading partners was negligible.
Graph 9 shows that both real and nominal effective exchange rate indices were in
general growing from 1994 to 2002 with a drop in 1998. In 2002 the effective exchange
rate started to decline along with the US dollar. Simultaneously, foreign exchange started
to accumulate rapidly in the country due to large current account and capital account
surpluses, which provoked discussion about RMB´s undervaluation.
Therefore, China took some measures to ease capital outflows. For instance, the right
of firms to keep foreign exchange earnings in the accounts abroad has been extended and
ceilings on purchases of foreign currency for purposes of studying abroad or tourism were
increased. In 2002 local authorities7 were given right to approve firms´ purchases of
foreign exchange for the purposes of investment abroad.

7

In 2002 only a few coastal provinces were granted this right. The right was extended to the whole country in
2005 (PBC 2008, p.2).
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Nevertheless, these measures were not sufficient in order to balance substantial
capital inflows. Political pressures requiring appreciation of renminbi intensified
(Goldstein 2004, p. 1).
Hence, in July 2005 China abandoned the peg to dollar and switched to more flexible
exchange rate regime introducing managed floating with respect to a basket of currencies.
The basket consists of USD, euro, Japanese yen, South Korean won, British pound, Thai
baht, Russian ruble, Australian dollar, Canadian dollar and Singapore dollar. On the
interbank foreign exchange market the daily trading price of RMB relatively to dollar was
allowed to fluctuate within the band of 0.3 % around the central parity published by the
People's Bank of China (PBC). In May 2007 the band was widened to 0.5 %. New
exchange rate regime was introduced together with immediate revaluation vis-à-vis dollar
to 8.11 RMB per US dollar.
Since then, effective exchange rate of RMB was gradually appreciating until 2007,
when the appreciation trend became very steep. McKinnon and Schnabl argue that the
sharp appreciation was linked to the policy interest rates in the USA, which were lowered
in response to the turmoil on the subprime mortgages market crisis. An interest rate
differential attracted even more foreign capital to China, which pushed effective exchange
rate up.
It should be pointed out that despite the reform the exchange rate regime is still rather
rigid. As shown in graph 8 the nominal exchange rate of renminbi to dollar basically
remained constant throughout the crisis of 2008-2009. On June 19, 2010, the People´s
Bank of China announced that the a more flexible exchange rate regime is desirable and
that the reform measures started in 1994 and continued in 2005 shall be further extended in
future.
It has been already mentioned that China has experienced large inflows of foreign
capital, which raised questions about potential undervaluation of renminbi. The next
section develops this issue more in detail.
2.2.2

Reasons for potential misalignment

In Iceland the period of króna´s appreciation matched the period of rapid economic
growth in Iceland. The case of Chinese RMB is quite different in this respect. China grew
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on average by 9.9 % annually from 1996 to 2007 while its main trading partners (the USA,
Japan and euro area) grew at most by just over 3 % annually. Moreover, we pointed out
that China successfully brought its inflation to a level comparable to its trading partners, so
the sizeable nominal growth difference therefore does not differ significantly from the real
one. However, this period of massive expansion in real terms corresponds to periods of real
depreciation of renminbi or only modest appreciation since 2005, when new exchange rate
regime was adopted.
As was mentioned earlier, suspicion about undervaluation of renminbi arose mainly
after 2002 when effective exchange rates, pulled by dollar, started to decline, while foreign
capital kept on accumulating in the economy.
The foreign exchange inflows were, in fact, huge. In accordance with the policy of
gradual opening, China started to promote foreign direct investment flows (FDI) to the
country by simplifying firms´ access to FDI. All capital account transactions had to be
approved, except for FDIs. In fact, China quickly became one of the biggest net receivers
of FDI. Moreover, in 2001 China joined the World Trade Organization (WTO). This step,
combined with the unified exchange rate since 1994, substantially contributed to the
increase in external trade. Current account surplus, which reached some 20 billion USD in
2001 started to grow unprecedentedly. Balance on current account as a ratio of GDP
together with FDIs is shown in the following graph.
Graph 10: Current account balance and net FDIs in China from 1982 to 2009, % of GDP

Foreign direct investment refers to net inflows of investment to acquire a lasting management interest, i.e.
10 % or more of voting stock. Net FDI is the difference between foreign investment flowing into the home
country and investment in the country abroad.

Source: data from the World Bank database
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We can see that before 1994 the current account balance was quite volatile and the
scope of foreign direct investment limited. In 1994 net FDIs rocketed and current account
balance started to improve gradually (although mostly only after the WTO´s accession).
The CA balance represented about 1.3 % of the Chinese GDP in 2001. Within two years
the ratio doubled and kept on increasing to more than 10 % of GDP in 2007.
Ceteris paribus, such an increase should be associated with exchange rate appreciation.
The exchange rate was, however, declining from 2002 until the adoption of the peg to the
basket of currencies. Lane and Milesi-Ferretti (2006) show that current account surpluses
may be needed when a country is heavily indebted in net terms, so that they could cover
interest payments on the debt. They find empirical evidence on a relationship between CA
surpluses and net external debt. However, according to Ma and Haiwen (2009), who
calculate the market value of China´s net foreign assets, China turned from net debtor
position in 2000 to net creditor position in 2004. Thus, China´s net international position
does not provide an explanation for such moderate appreciation of effective exchange rate
in the context of massive foreign capital accumulation.
China keeps RMB´s price pegged to a basket of currencies which prevents nominal
exchange rate to appreciate correspondingly to the scale of foreign currency inflows.
Under normal circumstances, however, operations of the PBC on the foreign exchange
markets would lead to higher inflation which, in turn, would make the real exchange rate
appreciate.
Suppose that a country faces large foreign currency inflows but wants to keep the
exchange rate at a desirable fixed level. Then central bank of the country has to engage in
buying foreign currency or other foreign assets in order to generate foreign currency
outflows which would balance foreign currency inflows from the trade surplus. Such
operation would require issuing money. Monetary expansion would then lead to higher
inflation.
This is, however, not the case of China. As we previously mentioned, Chinese
inflation has been low throughout the last decade. Average HICP grew by 2.1 % annually
from 2001 to 2009 and only by 1.38 % from 2001 to 2006. The reason is that the People´s
Bank of China pursue so called “sterilization operations”.
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Greenwood (2008) summarizes the techniques of sterilization that the PCB uses in
order to keep price level stable despite massive interventions on foreign exchange markets.
First, the PBC gradually increases minimal reserves requirements on banks´ deposits.
The ratio was equal to 6 % in 2003 and it reached 20.5 % on April 21, 2011. For small and
medium-size banks the requirement of 15.5 % of their deposits applies. Increasing share of
issued money is being prevented from circulation, which dampens inflation.
Second, the PBC restricts the money supply growth by issuing bonds denominated in
renminbi and selling them to financial institutions. Greenwood argues that while these
practices are not unusual in Asian export-oriented countries, they lead to serious
misallocations of sources in Chinese economy and that their impact is only temporary.
Once the costs of sterilizations exceed the benefits in terms of price stability, the PBC will
have to abandon these measures. Afterwards, inflation will inevitably rise, which will
appreciate the real exchange of renminbi.
Alternatively, Greenwood explains that if the PBC keeps on pursuing the
sterilizations, the overall price level could start to rise due to over-expansion in the export
sectors.
In his speech form July 26, 2010 the PBC´s governor Hu Xiaolian admitted that
increasing share of money are injected into the economy through foreign exchange
purchases by the central bank in comparison to the traditional channel through the central
bank´s lending to financial institutions. Monetary policy is becoming less independent and
money supply ceases to be exogenous. Xiaolian implies that a move towards more flexible
exchange rate regime should be considered in future.
So far, however, sterilization activities have been in place and we have to take this into
account in estimations of the relationship between renminbi REER and fundamental
variables. In fact, according to Yang (2011) the PBC might even extend the variety of
sterilization tools in future for both increasing the requirement ratio and issuance of bonds
cease to be efficient. Yang argues that significant appreciation of renminbi is too
dangerous as it might generate unemployment. Therefore, it is likely that the PBC will
rather continue in pursuing monetary restrictions such as raising the interest rates or
imposing quantitative controls on bank lending.
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In the following two chapters we estimate the equilibrium exchange rates of Icelandic
króna and Chinese renminbi. The structure of both chapters is the following. First, we
identify key variables for our model. Afterwards, we estimate the relationship between
REER and fundamentals. Finally, we make assumptions about long-run values of
fundamentals, estimate the equilibrium exchange rate and determine the extent of
misalignment. We start again with the case of Icelandic króna.
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3 ESTIMATING

THE EQUILIBRIUM EXCHANGE RATE

OF ICELANDIC KRÓNA

3.1 Explanatory variables and data choice
Single-equation estimation, where real exchange rate is directly linked to a set of
fundamental variables, is used to find the equilibrium real exchange rate. The basic
assumption is that the relation between REER and a set of fundamentals is linear in simple
transformations. In practice, natural logarithms of both fundamentals and REER are widely
used8. We base the choice of explanatory variables mainly on IMF´s studies and on the
theoretical model presented in Chapter 1. We also adjust the choice to some Icelandic
specificities described Chapter 2. As key fundamental variables we identified net foreign
assets, productivity (rather than output), real interest rate differential, terms of trade
and relative government spending on non-tradable goods to tradable goods. For some
variable we choose several proxies and plot them against REER (in logarithms) in order to
choose the one that can serves best for equilibrium REER estimation. All computations are
performed in Gretl 1.9.2.cvs.
Real effective exchange rate
As for REER construction, we used previously mentioned formula requiring data for
bilateral exchange rates to USD, CPI indices and trade weights. Quarterly CPI indices and
bilateral exchange rates (monthly averages) were extracted from OECD database. The
trade weights were constructed using annual data for trade from the Statistics Iceland
database. Weight of each partner country´s currency in the REER depends on the share of
trade (i.e. sum of exports and imports) the home country has with that particular partner in
a given year.
It has to be pointed out that since REER is a measure of domestic currency´s value
relatively to trading partners´ currencies, all explanatory variables were also computed
relatively to corresponding variables of partner countries, using the same trade weights as
8

See for example Ricci, Milesi-Ferretti and Lee (2008), Montiel (2002) or IMF (2006).
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in the REER construction. Precisely, it means that all the explanatory variables were
divided by a weighted average of partners´ values of these variables. For reasons of data
availability we limited the number of trading partners to three. In case of Iceland the three
main trading partners are euro area, the USA and United Kingdom.
We used quarterly data whenever they were available. When necessary, annual data
were taken and interpolated using the cubic spline interpolation function. This method uses
polynomials of the third degree in order to generate a smooth time series curve out of given
annual data. Compared to other interpolation methods it has the advantage of conserving
all the original points.
Net foreign assets
The NFA variable is approximated by quarterly the net international investment
position (NIIP) data, which are provided by national central banks´ statistics. The USA
data needed to be interpolated. The constructed quarterly NIIP series only start in 1998
since for euro area former data are unavailable. We scaled the level of NIIP by GDP so that
levels of NIIP were comparable across countries. As an alternative, we also tried scaling
the quarterly NIIP by quarterly GDP series. Both alternatives (in logarithms) are plotted
against logREER in the following graph.
Graph 11: Net international investment position as a proportion of GDP against the REER of króna (in
logarithms)

Source: own calculations in Gretl
We can see that taken relatively to partners, there is virtually no difference in NIIP
scaled by quarterly GDP series and NIIP scaled by annual GDP series so we randomly
picked the latter one for our computations.
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There appear to be clear negative correlation between real effective exchange rate of
króna and relative external indebtedness, which is in line with our expectations. The more
indebted a country is, the more it needs depreciated currency in order to be able to repay its
debt in future. In 1998 Iceland´s net external debt (taken to GDP) was about 20 times as
high as its partners´ average. The ratio gradually declined to 5 in 2005 and rose
dramatically when the turmoil on financial markets started. In our computation the variable
is denoted as NIIP/GDP.
Real productivity
To capture productivity´s effect we experimented on three different proxies.
Productivity can be approximated as the ratio:
LHMNOPQRQPS =

2T31T3

.

UT85/, 2V 2,W/,7

(14)

IMF (2006) uses productivity in the non-tradable sector relatively to the one in the
tradable sector to test the impact of Balassa-Samuelson effect. However, data for sector
employment for Iceland are only available from 2003 on, which is insufficient for our
purposes. Therefore, we work with “simple” productivity measures that do not take into
account the distinction between sectors, but simply relates Icelandic overall productivity to
its partners´ productivity.
Real exchange rate is supposed to be related to real productivity, however, we also
constructed a measure of nominal productivity in order to be able to compare these two
series. Quarterly data for total output, number of employees and GDP deflator come from
the OECD database. Graph 12 plots both measures against REER (in logarithms).
Graph 12: Nominal and real productivity against REER of króna (in logarithms)

Source: own calculations in Gretl
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Both measures show that the relationship between productivity and real exchange rate
is positive, which, again, is in line with our expectations. Comparing nominal productivity
and real productivity the nominal one deviates from real effective exchange rate
significantly during the period of crisis due to massive inflation. Therefore, for our
estimations we will use the proxy of real overall productivity taken relatively to partners,
which is denoted as RealProd.
Real interest rate differential
We discussed previously that high interest rates in Icelandic banks during the last
decade tended to attract foreign capital and might have had positive impact on króna
exchange rate. To account for this effect we will use the relationship given by uncovered
interest parity and include the real interest rate differential under the form:
,
which is directly taken from equation (8).
We considered two possible inflation expectation formations. First, we assumed that
agents´ expectations about inflation in the following quarter are rational and match exactly
the future inflation. Second, we considered the scenario of static expectations, where
agents assume the future inflation in time t to be equal to the inflation in time t-1.
Quarterly short-time interest rates data were extracted from the OECD database as
well as the quarterly inflation, measured by the GDP deflator. Both real interest rate
differentials are plotted against REER (in logarithms) in Graph 13.
Graph 13: Real interest rate differential against REER of króna (in logarithms)

Source: own calculations in Gretl
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Both types of inflation adjusted real interest rate differential series look nearly the
same. We choose the one which assumes rational expectations about future inflation to be
included in our estimations.
It seems that the interest rate differential moves in a similar way as REER, but with
certain delay. It is rather surprising given that macroeconomic theory suggests that interest
rate differential should forgo movements in real exchange rate. However, there appear to
be a relationship so we include the real interest rate differential into our regression in order
to avoid omitted variable bias. The variable is denoted as RRrational.
Terms of trade
Next, we include a measure of terms of trade. We previously mentioned that it is
preferable to construct the terms of trade using price indices against manufacturing unit
values (MUV), which are provided by the United Nations database. However, for Iceland
the MUV series is only available until 2007, which is insufficient for our estimation.
Therefore we calculated the terms of trade as:
1, X/ UY/0 2V /012,37

 = 1, X/

UY/0 2V 812,37

,

(15)

where both indices take 2000 as the base year. The indices are obtained from the Eurostat
database for Iceland, UK and euro area and from the Bureau of Labor Statistics for the
USA.
Graph 14 shows that from 2004 on we can observe some signs of positive correlation
between ToT and REER. However, the relationship appears to be rather week and virtually
nonexistent if we take into account the entire period. It is possible that our measure of ToT
is not adequate. On the other hand it is also likely that there is some noise in the data and
that the sample is too short to depict any clear relationship due to this noise. We include
this measure of terms of trade in the estimations for completeness. It is, however, likely
that the variable will prove to be insignificant.
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Graph 14: Terms of trade against the REER of króna (in logarithms)

Source: own calculations in Gretl
Government spending
The last fundamental variable that we will work with is government spending on nontradable goods relatively to spending on tradable goods. Both expenditures were scaled by
annual GDP. In practice, the variable was constructed as:
>RZH[\Z[P ]LZ[MQ[^ =

_`a ?71/UY Ub 2U U2U&3,4Y456/7A
cd

−
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.
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(16)

The OECD reports annual data for general government´s expenditures by function for
Iceland, the USA and UK. Data in the same structure for euro area are extracted from the
Eurostat. We classify public services, defence, public order, environmental protection,
health, culture, education, housing and social protection as non-tradable goods while
economic affairs as tradable goods. Annual expenditures were transformed into quarterly
using cubic spline interpolation.
Graph 15: Relative government spending against the REER of króna (in logarithms)

Source: own calculations in Gretl
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As expected, the relationship between relative government spending real effective
exchange rate of króna appears to be positive. Our data therefore seem to be in line with
theory: increasing spending on the non-tradable goods raises their price relatively to the
tradable goods and hereby also the REER. The variable will be denoted as Gov in our
calculations.
Having chosen our fundamental variables we proceed with estimation of the long-run
relationship between REER and the fundamentals.

3.2 Estimation of the equilibrium relationship between the REER of
króna and fundamentals
In this section we first examine properties of the variables we chose in the previous
section. Afterwards, the equation representing the relationship between the REER of króna
and the set of explanatory variables is estimated. Finally, we comment on the quality and
properties of the estimated equation.
3.2.1

Properties of variables and choice of appropriate method

Typically, real effective exchange rate time series as well as the time series of explanatory
variables do not satisfy stationarity condition. Using simple OLS model for estimation of
relationship between the REER and fundamentals might then yield biased results. A
stationarity test performed on the REER of króna and explanatory variables is needed so
that we could choose appropriate estimation procedure. We use Augmented Dickey-Fuller
(ADF) test to test all variables in levels and in first differences (both in logarithms). Pvalues from the test, which allow us to reject or not to reject the null hypothesis of
presence of a unit root, i.e. non-stationarity, are reported in the following table:
Table 1: P-values from ADF test for variables in levels and in first difefrences

Variable
in levels
in 1st diffecences

logREER
0.5105
0.002233

logNIIP/GDP
0.8332
0.000493

logRealProd logRR_rational
0.7814
0.2228
0.001821
6.895e-007

Null hypothesis is that there is a unit root in the series

Source: own calculations in Gretl
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log ToT
0.4522
0.000128

log Gov
5.427e-011
0.004789

Almost all the p-values resulting from the test performed on variables in levels are
greater than 0.05 which means that on the 95% confidence level we cannot reject nonstationarity of these variables. The only variable for which the p-value is lower than 5 % is
logGov, which is why we assume the variable to be stationary on the 5% α-level. Looking
at the differenced data, we can see that p-values are all lower than 0.05 for all variables. On
the 5% α-level the variables in first differences can be considered to satisfy stationarity.
Combining these two results we conclude that the variables logREER, logNIIP/GDP,
logRealProd, logRR_rational and logToT are integrated of order one, i.e. I(1). The variable
logGov is stationary both in levels and first differences and therefore is integrated of order
0, i.e. I(0).
Since most of the variables are non-stationary in levels we cannot directly use simple
OLS estimation. One way to deal with non-stationary variables is to difference the series
and perform the estimation on the resulting series, which is usually stationary. This option
is recommended when only one variable is endogenous in the model. It is, however, not
recommended in the multivariate context, i.e. when there is more than one endogenous
variable (Enders 1995, p. 355). In such a case it is likely that the variables are cointegrated. Differencing the series then might eliminate information which may be
important for the estimation.
If variables prove to be cointegrated, it means that they share a common trend, that
there exists a long-run equilibrium relationship among them. It also implies that their short
run dynamics are influenced by the scope of deviation from this equilibrium (Enders 1995,
p. 366). In such a case it is reasonable to assume the model under the form of a vector
autoregression model of order p, i.e. VAR(p), which can by described as:
S3 = ef + F' S3&' + Fg S3&g + … + F1 S3&1 + N3 ,

(17)

where yt is a set of K variables´ time series, i.e. yt = (y1t, y2t,…, yKt). Ai´s refer to (KK)
matrices and ut = (u1t,…,uKt)´ is the error term. VAR(p) includes p lags of each variable
and therefore is a dynamic model, which is suitable for cointegrated variables.
VAR assumes all the yt variables to be integrated of the same order. Since we assumed
relative government spending to be stationary, based on the ADF test, we have to exclude
this variable from testing for cointegration. A stationary series, by definition, does not have
any trend in time and hence cannot share any trend with other variables. LogGov is
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therefore treated as an exogenous variable in the estimation. It is in accordance with the
theoretical model we presented in the section 1.3.
In order to estimate a vector autoregression model, the lag order of model needs to be
chosen in the first place. If the lag order is specified improperly, it usually becomes
apparent while applying tests evaluating the quality of model. Therefore, one way to
choose the correct lag order is to estimate a model with some chosen maximum number of
lags, verify its properties and compare it to models with lower number of lags (Lutkepohl
and Kratzig 2004, p. 110). Information criteria such as Akaike (AIC), Hannah-Quinn
(HQC) or Bayesian information criterion (BIC) can also be employed in order to determine
the appropriate lag order. While AIC criterion may overestimate the order, the other two
criteria estimate the order consistently, provided that the true process does have a finite lag
order and that the maximum lag order we chose is higher than the true one (Lutkepohl and
Kratzig 2004, p. 111).
Once the lag order is specified, a test for cointegration is performed. According to
Engle and Granger´s definition, variables composing the vector yt are said to be
cointegrated of order d, b, denoted as yt ~ CI(d, b), if all of these variables are integrated of
order d and there exists a vector β = (β1,…,βK) such that linear combination βy1t + βy2t +..+
βyKt is integrated of order d-b, i.e. is I(d-b); b>0 (Engle and Granger 1991, p. 84).
In practice, non-stationary variables are typically I(1), i.e. non-stationary in levels, but
stationary in first differences. In such a case the test consists in verifying whether their
linear combination is I(0). Engle and Granger also show that cointegration is equivalent to
the situation when VAR model can be expressed under the form:
∆S3 = μf + αβ´S3&' + Γn&' ∆S3&' + ⋯ + Γp&' ∆S3&1(' + N3 ,

(18)

with ut being the white noise. This is the vector error correction representation (VECM) of
VAR model, where matrix αβ´= -(IK-A1-…-AP) is composed of matrix β, which contains
individual cointegration relations and of the “loading matrix” α, which contains weights
attached to them in individual equations. Matrices G1,…,Gp-1 stand for short-term
parameters of the VECM ((Lutkepohl and Kratzig 2004, pp.89-90). VECM model captures
the dynamics of adjustment to the equilibrium after the system deviates from it.
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Before vector error correction model can be estimated we need to know how many
cointegrating vectors there are in the VAR system, i.e. we need to determine the rank of
the matrix αβ´. For n variables we can have between 1 and n-1 cointegration relationships,
otherwise variables are either not cointegrated or the vector process is stationary (Enders
1995, p. 390).
The most common tool used to determine the number of cointegrating vectors is
Johansen´s procedure. This procedure is well described and illustrated in Enders (1995) on
pages 390-393. It consists in calculating eigenvalues of the matrix αβ´ and ordering them
from the largest ones to the smallest ones. Afterwards, two test statistics are used to
determine the rank of αβ´, i.e. to determine how many eigenvalues of αβ´ are significantly
different from 0.
First, so called trace statisic tests the joint hypothesis that the number of cointegrating
vectors is equal to or less than r for 0 < r < n+1. The null hypothesis is that eigenvalues λj
= 0 for all j > r. Alternative hypothesis in the trace test is that the number of cointegrating
vectors is greater than r, i.e. λj ≠ 0 for j > r. The second statistic is Λ-max. It tests the
hypothesis that number of cointegrating vectors is equal to r against the alternative that it
equals to r+1 (Enders 1995, p. 392). Since the two tests may not lead to the same
conclusion about the appropriate number of cointegrating relationships it is recommended
to use both and compare the results.
When cointegration holds, we can estimate the equilibrium relationship among
cointegrated variables by simple OLS regression applied to variables in levels in time t.
The estimated parameters are super-consistent and residuals from this regression are
stationary (Enders 1995, p. 374). They are used as instrument for β´yt matrix in the VECM
estimation. Adding government expenditures as an exogenous variable into the model
estimating the long-run parameters cannot distort stationarity of residuals since l_Gov is
stationary. VAR including an exogenous variable is a simple extension of VAR form
presented above and can be written as9:
S3 = μf + F' S3&' + Fg S3&g + ⋯ + F1 S3&1 + <q3 + N3 .
The corresponding VECM form then looks as follows:

9

Taken from Lutkepohl and Kratzig 2004, p. 92.
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(19)

∆S3 = μf + αβ´S3&' + Γn&' ∆S3&' + ⋯ + Γp&' ∆S3&1(' <q3 + N3 ,

(20)

where zt is the exogenous variable and C is a coefficient vector.
Recalling the choice of variables we made in the previous section, the equation
describing the equilibrium relationship between REER and fundamentals in time t which
we will use for the estimation of equilibrium REER of króna is:
r^3 = O[]P + r^ZsrtHM3 + r^

:
cd 3

+ r^,43 2U46,3 + r^3 + r^>R3

(21)

We are mainly interested in the relationship captured in the last equation.
Corresponding VECM and necessary test are supplied for completeness and for reasons of
evaluation of model adequacy.
3.2.2

Results from the estimation of the relationship between REER and

fundamentals
Following the method described in the previous part we first have to choose the
appropriate lag length of the VAR model. We have to take into account that our sample
period is rather short and by including many lags of variables the number of regressors
would rise dramatically and hereby decrease the number of degrees of freedom in the
model. Still, regarding that we have quarterly data it is reasonable to start with maximal lag
of at least 4.
Table 11 in Appendix compares all three information criteria for models with different
lag lengths, five endogenous variables and one exogenous variable. Knowing that the
smaller value the criterion takes the better the model is, we should choose lag length of 4
according to AIC and HQC and lag length of 1 according to BIC. Since model with 4 lags
of each endogenous variable already counts considerable number of regressors we decided
to run the contegration test also on the model with lag length of 1 and compare results.
Table 12 shows results on Engle-Granger cointegration test performed in Gretl.
Cointegration is confirmed when unit root hypothesis cannot be rejected for all variables
entering the cointegration regression and can be rejected for residuals from the regression.
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Both in model with four lags and the model with just one lag of each variable
cointegration is rejected at the 5% α-level. The reason is that we cannot reject nonstationarity of residuals from the cointegration regression at the 5% α-level. The
cointegration regression reveals that all included variables are significant (at different
significance levels) except for the terms of trade.
Taking into account that already on the time plot terms of trade did not reveal much
connection to the real effective exchange rate of króna, we decide to exclude the variable
and perform the test on the other four variables only.
The choice of appropriate lag order needs to be repeated for the new model. Akaike
criterion gives again the best result for the model with four lags, Bayesian criterion again
for the VAR with one lag. Hannah-Quinn criterion takes in the new model excluding the
terms of trade the lowest value in the VAR with 2 lags. Exact values of each criterion for
each model are showed in Table 13. Since AIC may be biased towards longer lag models,
as was previously noted, we opt for the model recommended by Hannah-Quinn criterion,
thus VAR(2).
Engle-Granger procedure was repeated on the four endogenous variables with lag
length 2. The result of the test is summarized in the following table:
Table 2: Engle-Granger cointegration test for varibles logREER, logNIIP/GDP and logRR_rational; lag length 2

constant
l_REER
l_RealProd
l_NIIP_GDP
l_RR_rational
residuals

cointegrating
regression:
t-ratio
-133.0
20.24
-2.065
3.361
-

cointegrating
regression:
p-value
5.86e-059 ***
6.45e-024 ***
0.0449 **
0.0016 ***
-

unit-root
hypothesis:
p-value
0.4455
0.5372
0.8183
0.3389
0.0878

Dependent variable in the cointegration regression is logREER.
Symbols ***, **, and * denote significance in the coitegrating regression at the 1%, 5% and 10% α-level
respectively.

Source: own calculations in Gretl
Compared to the test performed on variables including the terms of trade the result
improved. Similarly to the previous case we do not reject the unit-root hypothesis for all
included variables entering the cointegrating regression at the 5% α-level. It is true that we
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still cannot reject non-stationarity in residuals at the 5% α-level, however, we can now
reject it at the 10% α-level, as the corresponding p-value 0.0879 is smaller than 0.010. This
result may seem not entirely convincing, but we have to take into account that our sample
period is rather short and may be insufficient for the cointegration relationship to appear
significant. Compared to the previous case there is also another improvement - all the
variables in the cointegration regression are significant now. We will consider the 10% αlevel to be satisfactory in this case and assume the variables to be cointegrated.
For VECM estimation we further need to know the number of cointegrating relations
among variables. Results of Johansen´s λ-max and trace tests are shown in Table 3.
Table 3: Johansen´s trace test and λ-max test for variables logREER, logNIIP/GDP and logRR_rational; lag
length 2

Rank
0
1
2
3

Eigenvalue

Λ-max test

p-value

trace test

p-value

0.45895
0.34963
0.25908
0.20190

28.255
19.790
13.794
10.374

0.0376
0.0761
0.0575
0.0013

72.213
43.957
24.167
10.374

0.0000
0.0005
0.0015
0.0013

Source: own calculations in Gretl
Although the trace test suggests, that there might be actually four cointegrating
relationships, based on the outcome of the λ-max test, we do not reject that there is one
cointegrating vector in the system at the 5% α-level. We take the latter conclusion and we
therefore estimate the vector error correction model with 2 lags and 1 cointegrating vector.
The equilibrium relationship between the real effective exchange rate and the set of
fundamentals (in natural logarithms) can now be estimated using the OLS method. The
resulting equation can be written as:
r^3 = −4.52 + 0.60r^ZsrtHM3 − 0.03r^
?0.03A

?0.03A

?0.02A

:

cd 3

+ 0.73r^,43 2U46,3 + 0.04r^>R3 ,
?0.19A

?0.02A

where the numbers in brackets are standard errors corresponding to individual coefficient
estimates. All the variables are significant at least at the 10% α-level, measure of real
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productivity and real interest differential are significant even at the 1% α-level. All the
coefficients have expected signs.
The coefficient of 0.60 for real relative productivity means that a one percentage point
increase in the real productivity of Iceland relatively to the average productivity of its
trading partners implies a 0.6 percentage point increase in equilibrium REER of króna. For
illustration, it can be pointed out that Icelandic real productivity (relative to partners´
productivity) grew by 60 % from 2001 to 2005. Such and increase would result in
appreciation of 36 % of REER, providing that other things remain unchanged.
Coefficient -0.03 for the variable NIIP/GDP implies that a 100% raise in international
debt (again, relatively to the average debt of trading partners) would ceteris paribus cause a
depreciation of 3 % in the equilibrium REER of króna. As an example, Icelandic
NIIP/GDP, for instance, grew (in negative terms) by 160 % within just one year, from
2007 to 2008.
Next, a five percentage points increase in real interest rate differential is associated
with an equilibrium appreciation of the REER of 3.65 %, other things being equal. As an
example, between 2003 and 2006 the real interest rate differential increased by 6.8%.
Finally, a ten percentage points increase in government spending on non-tradables
relatively to tradables (divided by the average value of the corresponding variable in
partner countries) would appreciate the equilibrium real effective exchange rate by 0.4 %.
Details on the estimation can be found in Appendix in Table 14. The model fits the
data quite well, which is ilustrated both by high adjusted R2, which is equal to nearly 0.96,
and fitted-versus-actual plot.
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Graph 16: Fitted-versus-actual plot of the model for the REER of króna

Source: own calculations in Gretl
Residuals from the regression are stationary according ADF test. Moreover, when
tested for homoscedasticity, normality and autocorrelation we do not reject normal
distribution, homoscedasticity and no autocorrelation on the 5% α-level of the residuals
(see Table 15 in Appendix).
Taking into account that we estimate the model on relatively short time series and that
the REER of króna dropped sharply in the 3rd quarter of 2008, it might be of greater
interest to examine the robustness of our results by estimating the coefficients on the precrisis period only and then compare both outcomes, rather than rely on properties of
residuals from the regression.
Table 16 in Appendix summarizes all the important results from the sub-sample
estimation. Table 4 provides a comparison of the estimated coefficients from both model
based on the whole sample and model based on the sub-sample model.
Table 4: Comparison of coefficient estimates from a model based on the whole sample period 1998-2009 and a
model based sub-sample series 1998-2008Q2

coefficients

constant

logNIIP_GDP

logRealProd

logRR_rational

logGov

whole sample

-4.52

-0.03

0.60

0.73

0.04

sample period until 2008Q2

-4.54

-0.02

0.58

0.88

0.03

Source: Own calculations in Gretl
The two estimations give very similar results regarding both signs and magnitudes of
coefficients of each variable. Two conclusions can be made based on this finding. First,
there probably hasn´t been any structural break in equation relating REER of króna to the
45

values of fundamentals, which is, in addition, confirmed by the outcome of Chow test10.
Second, the estimated relationship is robust – having had correct predictions of the values
of fundamentals before the crisis the evolution of the REER of ISK would have been be
quite well predictable.
Short-run adjustment of the system is captured in the VECM form with 2 lags and 1
cointegrating vector (and hence 1 error correction term), which is also estimated. Short-run
dynamics are not of our main interest, as they do not enter into the estimation of the
equilibrium real effective exchange rate. We are rather interested in the properties of the
estimated VECM, since when the vector error correction model is properly estimated, it
can be taken as a complementary proof of cointegration of the variables.
Details of the VECM regression with dependant variable ∆logREER are reported in
Table 17. We can see that estimated coefficient of the error correction term is negative,
which is the necessary condition for the system to get back to equilibrium after deviating
from it. Residuals from this equation can be assumed to be “well behaved”, i.e. normally
distributed, containing no autoregressive conditional heteroscedasticity effects and
uncorrelated. Results from corresponding tests are attached in Table 18.
In the following section we use the estimated long-run coefficients in order to
determine the equilibrium REER for Icelandic króna.

3.3 Equilibrium real effective exchange rate of Icelandic króna
Once we determined the long-run relationship among the variables we need to
establish the long-run behavior of the fundamental variables. One way to do so is to
smooth the original data using either moving-average method or some filter (Montiel 2002,
p. 29). Typically, Hodrick-Prescott filter with smoothening parameter λ=1600 is used for
smoothening quarterly data. In our case, this approach can be applied to real relative
productivity and relative government spending in order to depict the long-run trends in
these variables.

10

Chow test was performed after the OLS estimation in order to examine the hypothesis of a structural break in
the model in 2008Q3. The null of no structural break cannot be rejected at the 5% α-level as the p-value from the
test (equal to 0.437) exceeds 0.05. For details see Table 16.
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For the real interest rate differential the determination of its long-run equilibrium level
is less straightforward. Taken strictly from the uncovered interest parity theory, there
should be no long-run real interest rate differential between the home economy and the
foreign one. The variable, as we defined it, would in such a case take the value of 1, which
in logarithm is 0, and it would hereby disappear from the equation for the equilibrium
REER estimation.
Nevertheless, we might consider the possibility that the long-run positive real interest
differential which persists between Iceland and its trading partners reflects some long-run
risk premium on deposits in Icelandic banks, relatively to the deposits in partner countries.
In this case it would be reasonable to let the equilibrium differential evolve over time
together with economic fundamentals.
Taking into account both of these argumentations we split the equilibrium REER
computation into several cases in which we calculate either with zero interest rate
differential, or a positive interest differential, which is based on the smoothed RR_rational
series.
The method of smoothening of the actual values of fundamentals is not very useful for
the purpose of establishment of the Iceland´s equilibrium net international investment
position since it would allow Iceland´s indebtedness to grow infinitely. Given the already
high level of net indebtedness of Iceland, this would be most probably unsustainable.
From the theoretical model described earlier it stems that the equilibrium real
exchange rate depends on the equilibrium (i.e. steady state) level of net foreign assets. The
task is to set this steady state level. The problem can be solved by simply assuming that the
steady state level is the current one, as in IMF (2004), or the mean level calculated from
the sample period.
Another approach is to set the optimal level based on trade openness of the country.
This further requires simulating the path which leads to the optimal level at some chosen
future date (as in Babecký, Bulíř and Šmídková 2010). We decided to employ both
methods and compare the results they give.
On the whole, we considered four cases for the calculation of the equilibrium real
exchange rate. In Case 1 we take the NIIP/GDP mean value from 1998 to 2009 as the
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steady state level. Precisely, we set the ratio to 0.733 for Iceland, to 0.187 for UK, to 0.173
for the USA and to 0.091 for euro area. For all the countries the mean value was close to
the actual level of NIIP/GDP in 2003. All of the other fundamentals, i.e. real relative
productivity, relative government expenditures and real interest differential were
smoothened with HP filter with λ=1600.
Case 1 is in a way the “softest” of the cases considered here in the sense that the
resulting equilibrium exchange rate will not differ too much from the actual one because
this case allows for relatively high indebtedness of Iceland relatively to its trading partners
and a positive interest differential. Other scenarios are more restrictive in this respect and
therefore we expect them to generate higher values of overvaluation of króna.
In Case 2 the estimates of the equilibrium REER of króna copies the method of Case 1
except for the fact that here we assume that in optimum there is no real interest differential
and hence the variable RR_rational in natural logarithm is equal to 0. The resulting
equilibrium REER is thus expected to be below the equilibrium rate computed in Case 1.
Cases 3 and 4 are inspired by the method used by Babecký, Bulíř and Šmídková
(2010). The steady state level of NIIP/GDP is set with respect to the openness to trade of
each country. In IMF (2002) the sustainable level of net foreign assets is derived from the
export-to-GDP ratio, which follows the reasoning that the higher the volume of export is,
the more sources country has to service its debt. Based on this paper we identify
sustainable level of net foreign debt to GDP (measured by NIIP/GDP) to be equal to 0.65
for Iceland, to 0.53 for euro area and UK and to 0.39 for the USA. Each country has its
own equilibrium path leading to this optimal level. The parameters that need to be fixed are
the starting point, the trajectory and the time at which the target will be reached.
In Case 3 we assume the trajectory to be logarithmic, as in Babecký, Bulíř and
Šmídková (2010), starting from the actual level of NIIP/GDP in 1998 and reaching the
target in 30 years from now, i.e. in 2041. Zero real interest rate differential is assumed.
Case 4 differ from Case 3 only in the time of reaching the target NIIP/GDP level,
which is set to 100 years from now, i.e. to 2111. Actual development of NIIP/GDP of each
country together with modeled optimal trajectories is shown in Appendix in Graphs 28-31.
Characteristics of the four cases are summarized in the following table.
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Table 5: Characteristics of individual cases considered in ISK EREER calculation

Real
productivity

Relative
Government
Expenditures

Real interest
differential

Smoothed with
HP filter
Smoothed with
HP filter

Smoothed with HP
filter
fixed at 1 (i.e. 0 in
logarithm)

fixed at mean values

Case 2

Smoothed
with HP filter
Smoothed
with HP filter

Case 3

Smoothed
with HP filter

Smoothed with
HP filter

fixed at 1 (i.e. 0 in
logarithm)

logarithmic path reaching
the target value in 2041

Case 4

Smoothed
with HP filter

Smoothed with
HP filter

fixed at 1 (i.e. 0 in
logarithm)

logarithmic path reaching
the target value in 2111

Case 1

NIIP/GDP

fixed at mean values

The equilibrium REER resulting from Cases 1, 2, 3 and 4 are denoted EREER1,
EREER2, EREER3 and EREER4 respectively. Graphical representation of all computed
equilibrium real effective exchange rates together with the plot of actual real effective
exchange rate is given in Graph 17.
Graph 17: Equilibrium real effective exchange rates of króna versus actual real effective rate (in logarithms)

Source: own calculations in Gretl
We can see that all the cases gave relatively similar outcome. Especially cases 3 and 4,
where logarithmic convergence of the NIIP/GDP to its target with different speed resulted
in very similar values of the estimated EREER. As expected, the EREER1 is above the
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EREER2 and in addition these two cases form lower and upper bounds for the EREER3
and EREER4.

3.4 Misalignment of króna from 1998 to 2009
Having the equilibrium values of the real effective exchange rate of króna, the degree
of misalignment can be calculated as
(22)

Misalignment based on our four equilibrium REERs is shown in Graph 18.
Graph 18: Misalignement of the ISK REER from 1998Q1 to 2009Q4 based on ERRER1, EREER2, EREER3 and
EREER4

Source: own calculations in Gretl
Comparison of percentage values of misalignment based on EREER1, EREER2,
EREER3 and EREER4 and the mean value of misalignment can be found in Appendix. In
general we can say that króna deviated from its equilibrium value quite significantly during
the period 1998-2009, both in positive and negative direction.
Misalignment calculated on the basis of EREER1 generates greatest values of
undervaluation (and smallest values of overvaluation) while misalignment based on
EREER2, on the contrary, produces high overvaluation and the lowest undervaluation.
Results from cases 3 and 4 with logarithmic NIIP equilibrium paths lie in between these
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two cases. On the whole, the differences in the estimated misalignment across the four
cases are rather small.
Króna was overvalued from 1999 to 2001 and from 2004 to the end of 2007, which
corresponds to periods of overheating of Icelandic economy discussed in section 2.1.
While in 2000 the maximum overvaluation reached aproximately 7 %, the overvaluation
experienced in 2007 was of much greater scale, equal to nearly 25 %11.
Króna was undervalued from 1998 to 1999, from 2001 to the end of 2004 and from the
second half of 2008 to the end of 2009. Greatest (mean) real undervaluation reached
22.8 % and, unsurprisingly, occurred after the global economic crisis started, in the fourth
quarter of 2008. Within a few months the real effective exchange rate dropped from a level
25 % above its equilibrium to the level nearly 23 % below it. Even though the real
effective exchange rate started to recover at the beginning of 2009, it was still well below
its equilibrium level (by 15.8 %) at the end of 2009.
We can conclude that the crisis put end to the imbalanced growth of the real effective
exchange rate of króna, however did not help to bring the exchange rate closer to its
equilibrium. The misalignment changed in sign, but very little in magnitude.
In the following chapter we turn our attention back to Chinese renminbi. We repeat the
procedure used in this chapter (with some adjustments) in order to estimate the equilibrium
real effective exchange rate of renminbi.

11

The values correspond to the mean values of misalignment from all four cases.
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4 ESTIMATING

THE EQUILIBRIUM EXCHANGE RATE

OF CHINESE RENMINBI

The structure of this chapter copies the structure of Chapter 3. First, we choose the
variables which we consider to be important for the real effective exchange rate of
renminbi determination and justify the choice. Afterwards, equilibrium relationship
between the REER and these variables is estimated. Finally, equilibrium exchange rate and
the degree of misalignment is calculated.

4.1 Explanatory variables and data choice
The choice of variables is not necessarily the same as in the case of Icelandic króna
since it has to reflect Chinese specificities. We should recall here the conclusion from
Chapter 2 that the case of renminbi is specific in the sense that People´s Bank of China
keeps on engaging in sterilization operations in order to maintain both price and exchange
rate stability in the period of massive foreign exchange inflows.
Similarly to the previous case, we include measures of real productivity and
government spending into the estimated model. Variables which we used to proxy net
foreign assets, terms of trade and real interest rate differential, however, are not included in
the estimation due to insufficient data availability and partly also because we do not
consider them to be key in the case of China. Instead, reflecting the fact that China has
pursued a policy of opening the country to international trade since 1994 and especially
since after the WTO accession in 2001, we include a measure of openness (similarly to
Montiel 2002 or Baffes, Elbadawi and O´Connell 1997). Furthermore, we include a
measure of money supply, similarly to Su (2009).
It is also reasonable to include a measure of the scope of sterilization operations,
which, to our knowledge, has not been explicitly used in recent studies estimating the
equilibrium real effective exchange rate of renminbi, but is expected to have a significant
impact on the actual exchange rate.
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Real effective exchange rate
The real effective exchange rate is calculated using the same method as in the
computation of the REER of króna, i.e. based on formula (2). The effective rate is taken
relatively to the three main trading partners of China, which are the USA, Japan and euro
area. Data for China´s external trade with individual partners were extracted from the
United Nations´ COMTRADE database. Data for the quarterly bilateral exchange rates to
dollar and the CPI indices are obtained from the OECD.
Real productivity
China´s gross domestic product has been growing substantially during the last decade,
which is why a measure of real productivity cannot be missing in our estimation. However,
we face problems with data availability. We have to give up the distinction between
productivity in the tradable sector and in the non-tradable sector since we were unable to
find reasonable data series capturing employment in China by sectors. Therefore, we
employ simple productivity relative to average productivity of trading partner countries as
in the previous estimation. This constrains us in drawing conclusions about the BalassaSamuelson effect. It is, however, a standard procedure applied in similar studies when
detailed data are unavailable.
Quarterly data for nominal GDP are available in the IMF´s International Financial
Statistics database, but quarterly GDP deflator is not available for China. Therefore, we
prefer to use the OECD´s annual data for real GDP and interpolate them via cubic spline
interpolation into quarterly data. The same transformation was applied to annual data for
employment which were extracted from the World Bank database for all the countries.
Real productivity is calculated as the ratio of real product and employment. Plot of this
measure against the calculated REER (in logarithms) is shown in Graph 19.
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Graph 19: Real productivity and the REER of renminbi (in logarithms)

Source: own calculations in Gretl
It is interesting to note that while China´s real productivity is growing, the real
effective exchange rate is decreasing and hence it may appear that there is a negative
correlation between real exchange rate and real productivity. It is the contrary of what
economic theory suggests and probably is a consequence of China´s de facto pegged
nominal exchange rate and simultaneously regulated inflation via different sterilization
measures.
Openness
Country´s openness can be used as a proxy for its trade policy (Montiel 2002, p. 28).
Trade liberalization is supposed to be accompanied with real depreciation of the exchange
rate since liberalization removes trade barriers, which tend to keep domestic prices high
and hereby also the real exchange rate (IMF 2006, p. 15). As a measure of openness we
used the sum of total imports and exports as a ratio to GDP. Quarterly data for exports and
imports of goods come from the OECD database and were scaled by annual levels of GDP,
which are also obtained from the OECD database. Plot of the variable against REER of
renminbi is shown in Graph 20.
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Graph 20: Evolution of China´s openness and the REER of renminbi (in logarithms)

Source: own calculations in Gretl
Graph suggests that there might be a negative relationship between the openness of
China and its real effective exchange rate, but the we should be cautious about any
conclusions of this type for the reasons mentioned earlier, i.e. the fixed exchange rate and
“controlled” level of inflation in China.
Money supply
Another variable which we decided to include in the estimation is money supply,
measured by the M2 aggregate. An increase in money supply may lead to higher overall
demand including the demand for imports which contributes to REER depreciation (Su
2009, p. 29). We expect the relationship between money supply and REER to be negative.
Quarterly data capturing the aggregate M2 are obtained from the IMF´s International
Financial Statistics (IFS) database. We use the M2 aggregate of China and the three trading
partners under the form of index with the average level in 2000 taken as the basis. The M2
data for China are only available from the last quarter of 1998 on, which limits the length
of our time series usable for EREER estimations to 45 observations (i.e. from 1998Q4 to
2009Q4).
Graph 20 suggests that the relationship between M2 index and REER is negative.
However, while REER of renminbi fluctuates, M2 index relative to partners´ M2 indices
grows steadily.
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Graph 21: Aggregate M2 as index and the REER of renminbi (in logarithms).

Source: own calculations in Gretl
We decided to include the M2 index to account for monetary expansions or
restrictions rather than the People´s Bank of China´s interest rates because we believe it
will complement with the variable capturing sterilization operations of the PBC. Let us
recall here some facts we discussed in Chapter 2.
China is running double surpluses, i.e. surpluses from both current and capital account.
Under the floating exchange rate regime this would lead to accumulation of foreign
reserves and appreciation of the exchange rate. Under the fixed regime this would require
central bank to intervene on foreign exchange markets and would result in the expansion of
domestic money supply. This is actually close to what happens in China. However, rapid
money supply expansion is not in this case fully reflected in levels of inflation as the PBC
simultaneously engages in sterilization operations. This is why we include M2 index
together with a variable reflecting the volume of sterilizations.
Sterilization operations
Greenwood (2008) shows that the most important sterilization practices of the PBC
consist in two measures: bond issuance and increasing the ratio of required reserves of
banking institutions. He concludes that the sum of the banking sector´s reserves and bonds
issued by the PBC almost perfectly matches the volume of net foreign assets accumulated
by the PBC. Expansion of the PBC´s foreign assets is driven by the growth of foreign
exchange reserves which are bought in order to keep nominal exchange rate low.
Sterilization prevents part of the newly issued money from circulating, which limits
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inflation and keeps also the real exchange rate relatively low. We reproduce here the graph
presented in Greenwood (2008) using the data from the International Financial Statistics
database capturing the volume of bonds issued by the PBC, the amount of reserves in the
banking sector and the accumulation of net foreign assets of the PBC, to illustrate the
match.
Graph 22: Volume of the reserves in the China´s banking system and of the bonds issued by the PBC as a measure
of sterilization operations applied to sterilize the PBC´s accumulation of foreign exchange.

Source: data from the IMF´s IFS database
We can see that the volume of bonds issued by PBC and banks´ reserves grow rapidly
since 2001 and copies very well the volume of net foreign assets held by the PBC. It starts
to slightly deviate from it only in 2007. Therefore we consider this variable to be a good
proxy for the scale of PBC´s sterilization operations and we include this measure in our
estimation. For partner countries we define the corresponding variable as total reserves of
the financial institutions, assuming that partners´ central banks do not engage in issuing
such sterilization bonds. To make the amount of money which is prevented from
circulation comparable across countries we scale it by dividing it by the volume of M2.
The plot of this variable against the REER of króna is presented in Graph 23. We refer to
this variable as to Steril.
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Graph 23: Amount of sterilizations against the REER of renminbi (in logarithms)

Source: own calculations in Gretl
Analogous to the case of Icelandic equilibrium REER estimation the last variable
included in our model is government expenditures. As data for government spending by
function are not available for China, we will simply take the amount of overall government
expenditures as a proxy of government spending on non-tradable goods, which is based
upon the fact that most of these expenditures fall on the non-tradable goods (IMF 2006,
p. 15).
The data for government expenditures are obtained from the National Bureau of
Statistics of China for China and from the OECD for China´s trading partners. Since only
yearly data are available, we interpolate them into quarterly. The government expenditures
are taken as a proportion of annual GDP for each country. Data for annual GDP come also
from the National Bureau of Statistics of China and the OECD databases.
Graph 24: Government expenditures as a proportion of GDP against the REER of renminbi (in logarithms)

Source: own calculations in Gretl
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The ratio of government expenditures to the GDP is gradually increasing in China. It
grew from 11 % in 1996 to 22 % in 2009. Still, it only reaches the half of the average level
of this ratio of euro area, the USA and Japan.

4.2 Estimation of the equilibrium relationship between the REER of
renminbi and fundamentals
Following the same structure as in the case of Icelandic króna we first verify,
whether the variables are cointegrated, we specify the equation describing the long-run
equilibrium among the variables and we provide with the estimation of the short-run
adjustment model.
4.2.1

Properties of selected variables and choice of appropriate method

We start with examination of the degree of integration of all the variables enumerated
in the previous section. Augmented Dickey-Fuller test is again employed for this purpose.
The test was performed on variables in levels and in first differences. The resulting pvalues based on which we reject or do not reject the null hypothesis of non-stationarity are
reported in Table 6.
Table 6: P-values from ADF test for variables in levels and in first differences

Variable
in levels
in 1st differences

logREER
0.8048
2.617e-008

logOpen
0.7494
0.0006

logRealProd
0.9734
1.141e-005

logM2
0.9998
7.841e-005

logSteril
0.4072
0.0016

logGovEx
0.0625
0.0268

Null hypothesis is that there is a unit root in the series

Source: own calculations in Gretl
The ADF test indicates that on the 5% α-level we do not reject the presence of a unit
root in series logREER, logOpen, logRealProd, logM2 and logSteril in levels as all the
corresponding p-values largely exceed the value 0.05. This implies that these variables are
most probably not I(0) in levels. Now when we look at the p-values given by the ADF test
for the first differences of variables, at the 5 % α-level we can reject that the differenced
series logREER, logOpen, logRealProd, logM2 and logSteril have unit roots.

59

We conclude that these variables are all integrated of order one and we will further test
whether they are cointegrated in order to be able to apply again the OLS method for the
long-run equilibrium estimation.
Similarly to our proxy of government expenditures in the estimation of the real
exchange rate of króna, the variable logGovEx also appears to be stationary both in levels
and in first differences. However, while the non-stationarity hypothesis can be rejected at
the 5% α-level for logGovEx in diffecrences, for the variable in levels the hypothesis can
be only rejected at the 10% α-level, as the corresponding p-value 0.06 slightly exceeds
0.05. In this case we consider this result to be sufficient to conclude that the variable is
stationary also in levels and analogous to the Icelandic case we will treat this variable as
exogenous in the VAR model.
Next we test the I(1) variables, thus logREER, logOpenness, logRealProd, logM2 and
logSteril, for cointegration using Engle-Granger and Johansen´s procedures. First, the
optimal lag length needs to be set. Information criteria for models with different lag
lengths are computed and are reported in Table 20 in Appendix. We opt for the model with
the lag length equal to 1, which is recommended both by HQC and BIC.
Having determined the optimal lag length, Engle-Granger test is performed on the five
I(1) variables, each including 1 lag. The key results are summarized in the table 4.
Table 7: Engle-Granger cointegration test for variables logREER, logRealProd, logM2, logOpenness and
logSteril; lag length 1

constant
l_REER
l_RealProd
l_Open
l_M2
l_Steril
residuals

cointegrating
regression:
t-ratio

cointegrating
regression:
p-value

unit-root
hypothesis:
p-value

5.530
5.310
1.375
-8.660
-8.696

2.16e-06 ***
4.39e-06 ***
0.1767
1.03e-010***
9.23e-011 ***

0.8685
0.9887
0.2517
0.9987
0.4066

-

-

0.0823

Dependent variable in the cointegration regression is logREER.
Symbols ***, **, and * denote significance in the coitegrating regression at the 1%, 5% and 10% α-level
respectively.

Source: own calculations in Gretl
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As it was already pointed out, the variables are cointegrated when p-values do not
allow us to reject the presence of a unit root in all variables entering the cointegrating
regression but allow us to reject unit root in residuals of the cointegrating regression.
Looking at the model with one lag, we face the same problem as in the case of Iceland, i.e.
we can state the variables to satisfy conditions for cointegration at the 10% α-level but not
at the 5% α-level for we cannot reject the presence of unit root in the series of residuals at
the 5% α-level (see fourth column of the Table 7).
Again, we rely on the fact that Engle-Granger procedure tends to reject cointegration
too often when applied to short samples and we take the 90% confidence level as
satisfactory. We further run Johansen´s trace and λ-max test to confirm that variables are
cointegrated and to determine the number of cointegrating vectors in this set.
Table 8: Johansen´s trace and λ-max tests for variables logREER, logRealProd, logM2, logOpenness and logSteril;
lag length 1

Rank
0
1
2
3
4

Eigenvalue

Λ-max test

p-value

trace test

p-value

0.58889
0.46791
0.33638
0.21938
0.01324

39.111
27.761
18.042
10.897
0.586

0.0080
0.0442
0.1317
0.1616
0.4438

96.399
57.287
29.526
11.484
0.586

0.0001
0.0043
0.0540
0.1859
0.4438

Source: own calculations in Gretl
Johansen procedure yields more convincing evidence for cointegration. Based on pvalues from the λ-max test (in the third column) we reject at the 5% α-level that the
number of cointegrating vectors is 0 or 1 (as 0.008 and 0.044 are smaller than 0.05). We do
not reject 2, 3 or 4 cointegrating vectors.
Trace test confirms the result rejecting the joint hypothesis that the number of
cointegrating relationships is smaller or equal to 1 (see column 4). Moreover, as it does not
reject at the 5% α-level that the number is smaller or equal to 2 we conclude that there are
two cointegrating relationships. The adjustment process towards equilibrium in our set of
variables can be therefore described by VECM(1,2). Johansen´s procedure admits
cointegration even at the 5% α-level and therefore justifies our conclusion from EngleGranger tests.
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4.2.2

Results from the estimation of the relationship between REER and

fundamentals
Since the cointegration can be assumed to be satisfied, we proceed by using OLS
method to find the long-run equilibrium relationship among variables. Estimation of the
long-run equation might be problematic in the Chinese case as China modified its
exchange rate regime in the middle of our sample period, in the third quarter of 2005.
One of the hypotheses we therefore test is whether there has been a structural break in
the model in 2005. Moreover, similarly to the estimation of the króna REER, we test for a
structural break at the beginning of the economic crisis and check the robustness of our
result by estimating the model on the pre-crisis data.
The estimated long-run equation describing the REER of renminbi is the following:
r^3 = 1.76 + 0.33r^ZsrtHM3 − 0.83r^~2 − 0.08r^PZHQr − 0.19r^LZ[ + 0.53r^>R3 ,
?0.52A ?0.17A

?0.13A

?0.01A

?0.10A

?0.13A

where the number in brackets under each coefficient estimate corresponds to its standard
error. Tests for significance of the variables suggest that M2, government expenditures and
sterilizations are significant even at the 1% α-level. Real relative productivity and openness
are significant at the 10% α-level. All the estimated coefficients have expected signs.
The estimated coefficient for real productivity is equal to 0.33 which implies that a
one percentage point increase in China´s real productivity relatively to the average
productivity of its partners ceteris paribus raises the equilibrium real effective exchange
rate by 0.33 percent. As an example, Chinese real productivity relatively to three main
partner countries grew on average by 9 percent each year from of 1998 to 2009. This
would require the real effective exchange rate to appreciate by 47 % from 1998 to 2009.
An increase of 1.2 percentage points in M2 index (relatively to partners´ M2 indices)
would in equilibrium pull the REER of renminbi down by 1 %, ceteris paribus. China´s M2
aggregate was growing faster than partner countries´ averaged M2. Relative M2 index
grew on average by 12 % yearly from 1998Q4 to 2009Q4, which is compatible with the
REER depreciation of nearly 10 % (ceteris paribus).
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As expected, sterilization also has negative impact on the real effective exchange rate.
A 12 % increase in the amount of money which is out of circulation as the proportion of
M2 would make the REER of renminbi decrease by 1 %, other things being equal.
Opening the country to trade tends to lower the real effective exchange rate, which is
in line with our expectations. The impact of openness is significant in the sample period we
worked with since this period was characterized by many changes enhancing the trade,
such as the WTO accession. We expect the impact of the variable to be limited or even
fade out in future.
Finally, a two percentage points increase in government spending, or more precisely in
the volume of government expenditures divided by GDP and taken relatively to trading
partner countries´ average, would in equilibrium result in 1% appreciation of the REER of
renminbi (ceteris paribus). For illustration it can be pointed out that this variable grew by
62 % from 1999 to 2009.
Details on the OLS estimation of the long run coefficients are showed in Appendix in
Table 21. Adjusted R2 of the regression reaches 0.97. Actual and fitted values of the REER
of renminbi are captured in Graph 25.
Graph 25: Fitted-versus-actual plot of the model for REER of renminbi

Source: own calculations in Gretl
It can be seen that the fitted REER is smoother than the actual REER. An explanation
for this might be that in case of two variables, real productivity and government
expenditures, we used annual interpolated instead of quarterly, as the quarterly data were
unavailable. Interpolation tends to give smoother series than is the actual quarterly series.
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Residuals from the regression can be considered to be stationary, normally distributed
and homoscedastic at the 95% confidence level. These characteristics were checked using
appropriate tests and the results can be found in Appendix in Table 22.
Chow test was also run in order to determine potential break in the model caused by
the crisis. Similarly to the case of Icelandic króna, the hypothesis of no structural break in
the model in 2008Q3 cannot be rejected at the 5% α-level. In this case, however, it is worth
testing for the structural break also in 2005Q3 as in July 2005 China modified its exchange
rate regime by switching the reference currency from dollar to a basket of currencies.
Performing Chow test to identify potential break in 2005Q3 we get a resulting p-value
of 0.0125 and therefore we reject that there is no structural break at 5% α-level (see Table
22). This is an important result as the presence of a structural change in the model may
generate a bias in the estimates which are based on the whole period 1998Q4-2009Q4. On
the other hand, calculating the long-run equation relating the REER to a set of
fundamentals on the time series from 2005Q3 to 2009Q4 does not make sense since the
sample period is too short. Therefore, we work with the model estimated on the whole
sample, keeping in mind the fact that some estimates may be slightly biased.
To have an insight into how the model changes with the adoption of the new exchange
rate regime we provide a comparison of estimates based on the period 1998Q4-2005Q2
(which we denote as model 3) to the estimates based on 1998Q4-2008Q3 (denoted as
model 2) and coefficients estimated on the whole sample period 1998Q4-2009Q4 (referred
to as model 1) in Table 9. Further details from the estimations are shown in Tables 23 and
24 in Appendix.
Table 9: Comparison of coefficient estimates from a model based on whole sample period 1998Q4-2009Q4, a
model based sub-sample period 1998Q4-2008Q2 and a model based on period 1998Q4-2009Q4.

coefficients

constant

log_RealProd

logOpen

logGovEx

logM2

logSteril

whole sample

1.76

0.33

-0.19

0.53

-0.83

-0.09

sample period up to 2008Q2

1.97

0.42

-0.04

0.57

-1.00

-0.05

sample period up to 2005Q2

2.94

0.80

0.31

0.44

-1.37

-0.02

Source: own calculations in Gretl
Coefficients in the model 1 have the same signs as corresponding coefficients in
model 2, their magnitude, however slightly differs. Individual variables are significant at
the same significance levels in both models except for the openness to trade, which
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appears as insignificant in model 2, i.e. not significant at 10% α-level. In model 3, on the
contrary, openness shows as significant even at the 1% α-level and sterilizations are no
longer significant. It is probably due to the fact that the PBC´s bond issuance and raising
required reserves only started to play an important role in 2002 and hence their impact in
the model based on series ending in the middle of 2005 is limited.
Variable capturing the openness raises questions because it varies not only with
respect to significance but in addition it does not keep the same sign across estimations.
Openness has positive impact on the REER according to model 3 and negative impact
according to models 2 and 1. One explanation might be that the greater openness of China
to trade started to have an impact on the regulated prices in China with some delay.
Based on these findings we conclude that there probably is a structural break in the
model. It may be due to adoption of sterilization actions, which gradually increased in
influence in the real effective exchange rate determination, and lowered or modified the
impact of other key fundamental variables.
Prediction power of the model is thereby lower than, for instance, the one estimated
for króna. On the other hand, the coefficients estimated on the shortest series from 1998Q4
to 2005Q2, i.e. in the model 3, should be interpreted with caution themselves for they are
based on very short time sample and may suffer from the short sample bias. We present
them here rather to depict possible forces behind the shift in the model structure, which
was identified by Chow test. The other two models, model 1 and 2, give reasonably similar
estimates (half of the estimates of the model 2 are within one standard error from the
estimates in model 1).
In addition, we recall that the data passed all necessary tests required by the method
we used and that the estimates are neither in conflict with economic theory nor with results
in other papers dealing with this topic. Therefore, we conclude that the estimated model
provide a useful insight into the renminbi REER determination.
Short-run behavior is captured again in a vector error correction model, in this case
with 1 lag of each I(1) variable and 2 cointegrating vectors, i.e. 2 error correction terms.
Estimation results of the equation describing the adjustment of logREER are provided in
Appendix in Table 25. Given the results from statistical tests performed on residuals for
ARCH effects, normality and autocorrelation, at the 5% α-level we do not reject that the
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conditions of no autocorrelation, no ARCH effects and normal distribution of residuals is
satisfied. Nevertheless, the model has lower explanatory power than the error correction
model estimated for the REER of króna and the second error correction term is neither
significant on the 5 % nor on the 10% α-level. It can be another consequence of the
structural shift in the long-run relationship between REER and fundamental variables.
In the following section we use the coefficient estimates from model 1 (based on the
period 1998Q4-2009Q4) to calculate the equilibrium REER for Chinese renminbi.

4.3 Equilibrium real effective exchange rate of renminbi
Before we estimate the equilibrium value of renminbi some assumptions concerning
sustainable or prevailing values of fundamentals need to be made. To depict trends in
fundamental variables´ time series we again employ Hodrick-Prescott filter with
smoothening parameter λ=1600. Specifically, we use it for the variables measuring
government expenditures, real productivity, openness to trade and money supply.
Sterilization operations influence the real exchange rate of renminbi in the short run,
their use, however, is not sustainable in the long run. This fact has to be reflected in the
equilibrium REER calculation. Therefore it would not make sense to treat our measure of
sterilizations in the same way as other variables, i.e. by extracting its trend with HP filter.
Issuing sterilization bonds and accumulating reserves from the banking sector is
costly for the People´s Bank of China. Greenwood (2008) argues that the costs of
sterilizations will exceed the benefits stemming from them eventually. Even if the PBC
carried on sterilizing money supply after this situation occurs, the over-expansion of export
sectors would start to raise prices and wages in these sectors, which would spill over into
other sectors raising the overall price level through this channel (Greenwood 2008, p. 7).
Either way, sterilizations only postpone the REER appreciation which will be inevitable at
some point.
Our measure of sterilization consists of the sum of total reserves of the banking sector
and volume of sterilization bonds outstanding, which is divided by the M2 aggregate
(relatively to the corresponding variable of trading partners). The volume of the PBC´s
bonds was zero or negligible until 2002, when in turned from 0 to RMB 193 billion and
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started to grow rapidly in the following years. Since this period corresponds to the period
with large capital and current account surpluses in China, it is reasonable to assume that
under equilibrium exchange rate the volume of sterilization bonds would be equal to 0.
As for the banking sector reserves, we consider two ways of determining the volume
of reserves which might be compatible with the equilibrium exchange rate. Therefore, we
split the EREER determination here into two separate cases.
The ratio of total reserves to M2 was very stable in China´s main trading partners in
the pre-crisis period. In the USA and euro area the ratio fluctuated within narrow intervals,
from 0.5 % to 1 % in the USA and from 2.4 % to 2.9 % in euro area. In Japan the reservesto M2 ratio was more volatile, it raised from 2 % in 2002Q2 to over 4 % in 2003Q1, then
remained close to this level until 2006Q1 and in 2006Q2 it dropped back to below 2 %.
Still, except for this temporary increase the ratio was relatively stable.
Therefore, in Case 1 we assume a constant level of reserves-to-M2 ratio and for each
country we fix this level to be equal to its mean value in the pre-crisis period, i.e. to the
mean calculated from the period 1998Q4-2008Q2. For the USA we fix the ratio to 0.7 %,
for euro area to 2.6 % and for Japan to 2.2 %. For China the ratio is also fixed at its mean
value which is equal to 12.3 %.
In Case 2 we allow for flexibility of the reserves-to-M2 ratio. In practice, we smooth
both total volume of reserves and M2 for each country with HP filter and calculate the
equilibrium REER using the smoothed series. While this method does not generate much
different values of reserves-to-M2 ratio from the constant values from Case 1 in case of
euro area and Japan, it does deviate significantly from the Case 1 values in the case of the
USA and China. It is due to the fact that in the USA the reserves plummeted from 0.05 %
of M2 to 13 % of M2 with the beginning of the crisis in 2008Q3 and in China the ratio was
during 1998-2009 in general not stable (unlike in the other countries), but gradually
increasing since 2003. By the end of 2008, on the contrary, it temporarily dropped.
Table 10 summarizes the characteristics of the two cases we have just described.
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Table 10: Characteristics of individual cases considered in the RMB REER calculation

Real
productivity

Government
Expenditures

Openness

M2

Sterilization

Case 1

Smoothed
with HP
filter

Smoothed
with HP filter

Smoothed
with HP filter

Smoothed
with HP filter

reserves-to-M2 ratio fixed
at mean value,
sterilization bills fixed at 0

Case 2

Smoothed
with HP
filter

Smoothed
with HP filter

Smoothed
with HP filter

Smoothed
with HP filter

reserves-to-M2 ratio
smoothed with HP filter,
sterilization bills fixed at 0

The equilibrium REERs resulting from Cases 1 and 2 are denoted by EREER1
respectively EREER2. Equilibrium real effective exchange rates are compared to the actual
rate in Graph 26.
Graph 26: Equilibrium REER of RMB versus actual REER (in logarithms)

Source: own calculations in Gretl
There is very little difference between EREER1 and EREER2 until 2006. In 2006 the
equilibrium rates start to slightly deviate one from another. Compared to EREER2 the
EREER1 implies larger misalignment of RMB in the years before the crisis and relatively
small misalignment during 2008 and 2009. It is a logical result taking into account how
Cases 1 and 2 are defined.
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4.4 Misalignment of renminbi from 1998 to 2009
Misalignment is calculated in the same manner as previously, using the formula (22).
Misalignment based on the two computed equilibrium REERs is shown in Graph 27.
Vertical axis displays misalignment in percentage points.
Graph 27: Misalignment of the RMB REER from 1998Q4 to 2009Q4 based on ERRER1 and EREER2

Source: own calculations in Gretl
Comparison of percentage values of misalignment based on EREER1 and EREER2
and mean value of misalignment can be found in Table 27 in Appendix. The results
suggest that renminbi was undervalued from 1998Q4 to 2000Q2 and from 2004 to the
beginning of the crisis. RMB was, on the contrary, overvalued during the period 2000Q32003Q4 and also throughout 2009. The largest (mean) undervaluation is equal to -12.8 %
and corresponds to 1998Q4. Another significant undervaluation, reaching -11 %, occurred
in the first two quarters of 2007. The highest value of overvaluation is 12 % and
corresponds to the second quarter of 2002.
Our results confirm the undervaluation of renminbi in the pre-crisis period estimated
for example by Chen (2006). On the other hand, the estimated undervaluation is of much
smaller scale than the one computed by Coudert and Couharde (2005) or Goldstein (2004)
and moreover only occurs from 2004 on, while these studies indentify the undervaluation
already in 2003.
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If we have a look onto whether the economic crisis helped to bring RMB REER closer
to its equilibrium level we can see that there is not much evidence supporting this
hypothesis. RMB´s real undervaluation started to improve already in 2007Q2 with the
upcoming financial crisis, not in 2008Q3, when the global financial crisis spread into real
economies, as we originally expected. Unlike the króna REER, the renminbi REER
changed only slightly between 2008Q2 and 2008Q3. The misalignment turned from -3.3 %
to 0.3 % based on EREER1 and from 0.9 to 4.9 % based on EREER2.
Since EREER2 is based on calculation which does not consider rapid accumulation of,
reserves which occurred in the USA in 2008Q3, to be inconsistent with equilibrium, while
EREER1 does, we expect EREER1 to be better indicator of the true equilibrium real
effective exchange rate of renminbi. We take the EREER2 rather as an indicator of
sensitivity of the calculated EREER1 to the definition of optimal amount of reserves.
Comparing the results from estimations of equilibrium exchange rates of króna and
renminbi, both cases suggest that the crisis did not modify significantly the relationship
between real effective exchange rate and economic fundamentals. In both cases the
misalignment existing before the crisis changed its sign during the crisis. The magnitude of
the misalignment, however, changed very little.
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CONCLUSION
The Bank for International Settlements provides monthly effective exchange rate
series for 58 economies from 1994 on. In 40 out of these 58 countries the volatility of
exchange rate was higher during the crisis than in the period 1994-2007. This fact raises
number of questions. Was the increased volatility caused by the fact that the exchange
rates did not reflect economic fundamentals? If yes, how to determine the “correct”
value of a currency? Alternatively, did the volatility increase because the role of
fundamentals changed in the crisis?
This thesis focuses on two countries from this sample and examines the behavior
of the real exchange rates of their currencies in the pre-crisis period and during the
crisis. Icelandic króna and Chinese renminbi have been chosen for the analysis, mainly
because both currencies were suspected to be significantly misaligned before the crisis.
The goal was to identify key factors influencing the real effective exchange rate of
these currencies and to confirm or alternatively not to confirm the speculations about
their misalignment. Furthermore, we were interested in whether the crisis distorted the
relationships between real exchange rates and economic fundamentals. Last but not
least, the thesis provides an insight into whether the crisis led to narrowing the degree of
misalignment of renminbi and króna.
In the case of Iceland we were particularly interested in the impact of real interest
rate differential on the real exchange rate and in the influence of the net foreign debt of
Iceland. Both variables proved to have significant influence on the real exchange rate.
An increase in net international position was estimated to depreciate the real effective
exchange rate of króna. On the contrary, an increase in the real interest differential is
expected to be accompanied with appreciation of the REER. We confirm that króna was
misaligned before the crisis. The maximum overvaluation reached 24.2 % and
corresponds to the last quarter of 2007. In the crisis the REER of króna fell sharply, so
that in the last quarter of 2008 króna was undervalued by 22.7 % according to our
results.
In order to identify potential structural break in the króna REER formation we
employed Chow test for structural break in 2008Q3 as well as sub-sample estimation
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based on the period excluding the crisis. Neither of these tools identified a structural
break in relationship between the real effective exchange rate and fundamentals.
In the case of China we focused on the impact of sterilization operations used by
the People´s Bank of China in order to maintain both price and exchange rate stability in
the period of massive economic growth. Based on Greenwood (2008) we used the
volume of total reserves in the banking sector and the volume of bonds issued by the
People´s Bank of China to proxy the scope of sterilizations. The variable proved to have
significant influence on the real exchange rate and we showed that an increase in
sterilizations is connected with depreciation of the effective exchange rate of renminbi.
We confirm that renminbi was misaligned before the crisis. The degree of
misalignment was, however, of much lower scope than the misalignment of króna. The
maximum undervaluation reached 11.9 % and corresponds to the beginning of 2002.
The undervaluation in 2007 varied between 7 % and 11 %. In the crisis the REER of
renminbi increased, so that by the end of 2008 renminbi was overvalued by 5 %, based
on our results.
Similarly to the case of króna, no structural break in the relationship between the
renminbi REER and fundamentals was identified in 2008Q3 by Chow test or subsample estimation based on the period excluding the crisis. However, the problem of
structural change was encountered in 2005, when China modified its exchange rate
regime. There is a potential for further modification of the model describing the
influence of fundamentals on the real effective exchange rate if the People´s Bank of
China decides to extent the range of sterilization operations by raising the interest rates
and putting quantitative controls on bank lending.
To sum up, there is no evidence supporting the hypothesis that the crisis narrowed
the misalignment króna and renminbi, at least not within a few months. On the
contrary, in these two specific cases it appears that the crisis put end to the deviation of
the exchange rates from their equilibrium level, but resulted in overshooting the
exchange rate in the opposite direction.
It might be of interest to extend these results by making predictions for the values
of fundamentals in order to determine whether after this initial overshooting the REER
of króna and of renminbi approached their equilibrium levels.
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APPENDIX
Table 11: Comparison of information criteria for VAR models with different lag lenghts, 5 endogenous variables
and 1 exogenous variable

lags
1
2
3
4

log-likelihood
433.63912
458.39786
491.28579
538.36801

AIC
-18.202035
-18.213756
-18.639807
-19.592443*

BIC
-16.782793*
-15.780770
-15.193077
-15.131969

HQC
-17.675712
-17.311487
-17.361594
-17.938284*

Symbol “*“ marks the lowest value of each criterion and hence also the optimal lag length that should be
included in the model according to each of the criteria.

Source: own calculations in Gretl
Table 12: Engle-Granger cointegration test for variables in the RMB model: results for lag lengths 4 and 1

constant
l_REER
l_RealProd
l_NIIP_GDP
l_RR_rational
l_TOT
residuals

4 lags included

1 lag included

cointegrating
regression:
t-ratio

cointegrating
regression:
p-value

unit-root
hypothesis:
p-value

unit-root
hypothesis:
p-value

-134.6
18.39
-1.910
3.624
1.464
-

4.23e-058 ***
5.41e-022 ***
0.0628 *
0.0008 ***
0.1506
-

0.62
0.76
0.84
0.55
0.18
0.19

0.76
0.86
0.83
0.19
0.51
0.28

Dependant variable in the cointegration regression is logREER
Cointegration is confirmed when null hypothesis of a unit root cannot be rejected for all variables in the
cointegrating regression and can be rejected for residuals from the regression.
Symbols ***, **, and * denote significance at 1%, 5% and 10% α-level respectively.

Source: own calculations in Gretl
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Table 13: Comparison of information criteria for VAR models with different lag lenghts, 4 endogenous variables
and 1 exogenous variable

lags
1
2
3
4

log-likelihood
321.89606
344.41073
360.94346
385.95052

AIC
-13.540730
-13.836851
-13.861067
-14.270478*

BIC
-12.567535*
-12.214861
-11.590280
-11.350895

HQC
-13.179822
-13.235339*
-13.018949
-13.187756

Source: own calculations in Gretl

Table 14: Estimation of the relationship between logREER and fundamentals with dependent variable logREER

coefficients
constant
l_NIIP_GDP
l_RealProd
l_RR_rational
l_Gov
Adjusted R-squared

-4.51530
-0.02956
0.59768
0.72953
0.03523

standard error
0.0336635
0.0168052
0.0320459
0.1937200
0.0185546
0.958029

t-ratio

p-value

-134.1
-1.759
18.65
3.766
1.899

4.98e-058 ***
0.0857 *
3.15e-022 ***
0.0005 ***
0.0643 *

Source: own calculations in Gretl
Table 15: Properties of the model estimating the long-run relationship between REER of króna and fundamentals

stationarity
autocorrelation
homoscedasticity
normality
sructural break at 2008Q3

test

H0

statistic

p-value

ADF
LM test
Breusch-Pagan
Doornik-Hansen

unit root
no autocorrelation
homoscedasticity
normal distribution

τ = -4.004
LMF = 2.202
LM = 1.788
χ2 (2) = 5.312

0.001
0.145
0.774
0.070

Chow

no break

F(5,38) = 0.989

0.437

Source: own calculations in Gretl
Table 16: Model estimating the long-run relationship between REER of króna and fundamentals based on period
1998Q1-2008Q2

coefficients
constant
l_NIIP_GDP
l_RealProd
l_RR_rational
l_Gov
Adjusted R-squared

standard error

-4.54387
-0.01996
0.57699
0.87945
0.02755

t-ratio

0.03827
-118.7
0.01954
-1.021
0.04190
13.77
0.22715
3.872
0.03169
0.869
0.925658

Source: own calculations in Gretl
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p-value
2.23e-049 ***
0.3137
3.90e-016 ***
0.0004 ***
0.3903

Table 17: VECM model for the REER of króna. Dependent variable: dlogREER; 2lags and 1 cointegrating vector

const
d_l_REER_1
d_l_NIIP_GDP_1
d_l_RealProd_1
d_l_RR_ration_1
l_Gov
EC1
Adjusted R-squared

coefficients

standard error

t-ratio

p-value

-3.09532
-0.287877
-0.048330
-0.089424
0.986851
0.152179
-0.743388

0.844632
0.223634
0.047948
0.136531
0.649146
0.027396
0.196748

-3.665
-1.287
-1.008
-0.655
1.520
5.555
-3.778

0.0007 ***
0.2056
0.3197
0.5163
0.1365
2.15e-06 ***
0.0005 ***

0.466907

Source: own calculations in Gretl
Table 18: Properties of the residuals from VECM model for REER of króna, dependent variable ∆_l_reer

stationarity
autocorrelation
ARCH effects
normality

test

H0

statistic

p-value

ADF
Ljung-Box
ARCH
Doornik-Hansen

unit root
no autocorrelation
no ARCH effects
normal distribution

τ = -4.703
Q = 0.617
LM = 0.165
χ2 (2) = 2.969

0.000
0.432
0.684
0.226

Source: own calculations in Gretl
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Graph 28: Equilibrium and actual NIIP paths for
the USA

Graph 30: Equilibrium and actual NIIP paths for
UK

Graph 29: Equilibrium and actual NIIP paths for
Iceland

Graph 31: Equilibrium and actual NIIP paths for
EA

Source: own calculations in Gretl
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Table 19: Misalignment of Icelandic króna : 4 different cases and mean misalignment

Misalignment 1

Misalignment 2

Misalignment 3

Misalignment 4

Mean

1998Q1
1998Q2
1998Q3
1998Q4
1999Q1
1999Q2
1999Q3
1999Q4
2000Q1
2000Q2

-5,2%
-4,7%
-5,6%
-6,3%
-4,2%
-3,9%
-1,6%
1,9%
4,2%
5,8%

-2,8%
-2,2%
-3,0%
-3,6%
-1,2%
-0,8%
1,7%
5,4%
7,9%
9,7%

-2,0%
-2,6%
-4,0%
-5,0%
-3,0%
-2,8%
-0,5%
2,9%
5,2%
6,8%

-2,0%
-2,4%
-3,6%
-4,6%
-2,6%
-2,3%
-0,1%
3,4%
5,7%
7,3%

-2,4%
-2,5%
-3,8%
-4,8%
-2,8%
-2,5%
-0,3%
3,1%
5,5%
7,1%

2000Q3
2000Q4
2001Q1
2001Q2
2001Q3
2001Q4
2002Q1
2002Q2
2002Q3
2002Q4
2003Q1
2003Q2
2003Q3
2003Q4
2004Q1
2004Q2
2004Q3
2004Q4
2005Q1
2005Q2
2005Q3
2005Q4
2006Q1
2006Q2
2006Q3
2006Q4
2007Q1
2007Q2
2007Q3
2007Q4
2008Q1
2008Q2

2,1%
-1,7%
-2,5%
-10,9%
-10,8%
-14,2%
-10,4%
-6,8%
-5,6%
-6,8%
-4,8%
-4,6%
-9,8%
-10,1%
-4,8%
-6,7%
-6,6%
-4,0%
4,4%
2,3%
6,0%
11,7%
8,4%
-5,6%
-2,0%
1,6%
11,4%
17,2%
19,4%
21,0%
0,2%
-8,1%

5,9%
2,0%
1,2%
-7,5%
-7,4%
-10,9%
-7,0%
-3,2%
-2,1%
-3,2%
-1,2%
-1,1%
-6,4%
-6,6%
-1,1%
-3,0%
-2,7%
0,1%
9,0%
7,0%
11,1%
17,3%
14,0%
-0,5%
3,5%
7,5%
18,1%
24,5%
27,0%
29,0%
7,0%
-1,6%

3,1%
-0,9%
-1,8%
-10,2%
-10,2%
-13,6%
-9,9%
-6,3%
-5,3%
-6,5%
-4,6%
-4,4%
-9,6%
-9,9%
-4,6%
-6,4%
-6,2%
-3,5%
5,0%
3,1%
7,0%
12,9%
9,7%
-4,3%
-0,5%
3,3%
13,5%
19,6%
22,0%
23,9%
2,7%
-5,6%

3,6%
-0,4%
-1,3%
-9,8%
-9,7%
-13,2%
-9,5%
-5,9%
-4,8%
-6,0%
-4,1%
-3,9%
-9,1%
-9,4%
-4,1%
-5,9%
-5,7%
-3,0%
5,6%
3,6%
7,6%
13,5%
10,3%
-3,8%
0,0%
3,9%
14,1%
20,3%
22,7%
24,6%
3,2%
-5,1%

3,3%
-0,6%
-1,5%
-10,0%
-10,0%
-13,4%
-9,7%
-6,1%
-5,0%
-6,2%
-4,3%
-4,2%
-9,4%
-9,7%
-4,3%
-6,2%
-6,0%
-3,3%
5,3%
3,4%
7,3%
13,2%
10,0%
-4,0%
-0,2%
3,6%
13,8%
20,0%
22,4%
24,2%
3,0%
-5,4%
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2008Q3
2008Q4
2009Q1
2009Q2
2009Q3
2009Q4

-9,3%
-25,0%
-15,0%
-22,2%
-21,8%
-18,6%

-2,8%
-19,6%
-8,7%
-16,3%
-15,8%
-12,2%

-6,8%
-22,9%
-12,5%
-19,8%
-19,3%
-15,9%

-6,3%
-22,5%
-12,0%
-19,3%
-18,9%
-15,4%

-6,5%
-22,7%
-12,3%
-19,6%
-19,1%
-15,7%

Source: own calculations in Gretl

Table 20: Comparison of information criteria for VAR models with different lag lenghts, 5 endogenous
variables and 1 exogenous variable

lags
1
2
3
4

log-likelihood
441.12843
466.06174
502.71430
528.24405

AIC
-19.811143
-19.807890
-20.376308
-20.402149*

BIC

HQC

-18.348337*
-17.300223
-16.823780
-15.804760

-19.278470*
-18.894736
-19.082673
-18.728033

Symbol “*“ marks the lowest value of each criterion and hence also the optimal lag length that should be
included in the model according to each of the criteria.

Source: own calculations in Gretl

Table 21: Estimation of the long-run relationship between REER of renminbi and fundamentals

coefficients
constant
l_RealProd
l_Open
l_GovEx
l_M2
l_Steril
Adjusted R-squared

1.76238
0.32855
-0.19478
0.52956
-0.83105
-0.08815

standard error

t-ratio

0.516608
3.411
0.171396
1.917
0.096919
-2.010
0.129914
4.076
0.126115
-6.590
0.014281
-6.172
0.970833

Source: own calculations in Gretl
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p-value
0.0015 ***
0.0626 *
0.0514 *
0.0002 ***
7.88e-08 ***
2.98e-07 ***

Table 22: Properties of the model estimating long-run relationship between REER of renminbi and
fundamentals

test

H0

statistic

p-value

stationarity
autocorrelation
homoscedasticity
normality
structural break at 2008Q3

ADF
LM test
Breusch-Pagan
Doornik-Hansen
Chow

unit root
no autocorrelation
homoscedasticity
normal distribution
no break

τ = -5.261
LMF = 2.725
LM = 2.563
χ2 (2) = 4.376
F(6,33) = 0.999

0.000
0.107
0.767
0.112
0.443

structural break at 2005Q3

Chow

no break

F(6,33) = 3.274

0.012

Source: own calculations in Gretl

Table 23: Model estimating the long-run relationship between REER of renminbi and fundamentals based on
period 1998Q4-2008Q2

coefficients
constant
l_RealProd
l_Openness
l_GovEx
l_M2
l_Steril
Adjusted R-squared

1.97210
0.42110
-0.04307
0.56774
-1.00160
-0.05400

standard error
0.57709
0.19072
0.12464
0.14359
0.15411
0.02790
0.970199

t-ratio

p-value

3.417
2.208
-0.346
3.954
-6.499
-1.936

0.0017 ***
0.0343 **
0.7319
0.0004 ***
2.24e-07 ***
0.0615 *

Source: own calculations in Gretl

Table 24: Model estimating the long-run relationship between REER of renminbi and fundamentals based on
period 1998Q4-2008Q2

constant
l_RealProd
l_Openness
l_GovEx
l_M2
l_Steril
Adjusted R-squared

coefficients

standard error

t-ratio

p-value

2.94404
0.79990
0.30816
0.44314
-1.37033
-0.01604

0.5831
0.1927
0.1619
0.1296
0.1669
0.0253

5.049
4.151
1.904
3.418
-8.213
-0.633

5.34e-05 ***
0.0005 ***
0.0708 *
0.0026 ***
5.40e-08 ***
0.5338

0.961085

Source: own calculations in Gretl
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Table 25: VECM model for renminbi, equation 1, dependent variable ∆_l_reer

constant
l_GovEx
EC1
EC2

coefficients

standard error

t-ratio

0.4999
0.2816
-0.4941
0.0459

0.256
0.090
0.117
0.053

1.950
3.124
-4.196
0.867

Adjusted R-squared

p-value
0.0584 *
0.0034 ***
0.0002 ***
0.3913

0.334369

Source: own calculations in Gretl

Table 26: Properties of the residuals from VECM model for renminbi, dependent variable ∆_l_reer

test

H0

statistic

p-value

ADF

unit root

τ = -5.274

0.000

Ljung-Box
ARCH
Doornik-Hansen

no autocorrelation
no ARCH effects
normal distribution

Q = 0.023
LM = 0.092
χ2 (2) = 1.201

0.880
0.761
0.548

stationarity
autocorrelation
ARCH effects
normality

Source: own calculations in Gretl

Table 27: Misalignment of the Chinese renminbi : 2 different cases and mean misalignment

1998Q4
1999Q1
1999Q2
1999Q3
1999Q4
2000Q1
2000Q2
2000Q3
2000Q4
2001Q1
2001Q2
2001Q3
2001Q4
2002Q1
2002Q2
2002Q3
2002Q4
2003Q1
2003Q2

Misalignment 1

Misalignment 2

Mean

-13,7%
-7,7%
-5,9%
-7,4%
-8,3%
-1,0%
-1,0%
0,7%
5,3%
3,8%
6,5%
6,0%
9,1%
12,3%
8,5%
4,9%
8,2%
3,1%
1,5%

-12,0%
-6,3%
-5,0%
-6,9%
-8,1%
-1,0%
-1,3%
0,1%
4,5%
2,9%
5,6%
5,0%
8,2%
11,5%
7,9%
4,7%
8,3%
3,6%
2,4%

-12,9%
-7,0%
-5,5%
-7,2%
-8,2%
-1,0%
-1,2%
0,4%
4,9%
3,3%
6,0%
5,5%
8,6%
11,9%
8,2%
4,8%
8,2%
3,4%
2,0%
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2003Q3
2003Q4
2004Q1
2004Q2
2004Q3
2004Q4
2005Q1
2005Q2
2005Q3
2005Q4
2006Q1
2006Q2
2006Q3
2006Q4
2007Q1
2007Q2
2007Q3
2007Q4
2008Q1
2008Q2
2008Q3
2008Q4
2009Q1
2009Q2
2009Q3
2009Q4

2,3%
2,4%
-3,3%
-0,5%
0,7%
-0,5%
-10,4%
-8,7%
-4,8%
0,1%
-4,6%
-6,4%
-5,3%
-1,3%
-9,8%
-9,2%
-6,3%
-5,6%
0,0%
0,9%
4,9%
7,7%
7,6%
6,8%
4,7%
4,0%

3,7%
4,2%
-1,4%
1,6%
2,7%
1,2%
-9,3%
-8,0%
-4,6%
-0,3%
-5,5%
-7,7%
-7,1%
-3,6%
-12,2%
-12,0%
-9,4%
-9,0%
-3,9%
-3,3%
0,3%
2,7%
2,4%
1,4%
-0,8%
-1,5%

Source: own calculations in Gretl

84

3,0%
3,3%
-2,4%
0,5%
1,7%
0,3%
-9,9%
-8,4%
-4,7%
-0,1%
-5,0%
-7,0%
-6,2%
-2,5%
-11,0%
-10,6%
-7,8%
-7,3%
-2,0%
-1,2%
2,6%
5,2%
5,0%
4,1%
2,0%
1,3%

