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The real exchange rate of the Swedish krona has shown a weakening trend
since the 1970s in a way that is unique among advanced economies in terms
of scope and duration. However, other measures of the real exchange rate
indicate that the krona has not depreciated quite as much as the usual
measure indicates, among other reasons due to differences in how price levels
are calculated in different countries. The real exchange rate movement can
be explained, at least partly, by the relatively weak development of Swedish
productivity and the trend decline in Sweden’s terms of trade. The article
places the development of the real krona exchange rate in a longer historical
perspective, describes how alternative measures modulate the picture,
discusses possible explanations and presents a model estimate of the trend
and what has driven it.

1 Along-term trend towards a weaker real krona
exchange rate

When the Swedish krona exchange rate depreciated by up to 20 per cent over the years
2014-2019, it caused an intensive debate.! In this, it was frequently pointed out that

a Swedish krona bought fewer and fewer goods and services abroad compared with in
Sweden. In other words, we experienced a weakening of the real krona exchange rate. The
real exchange rate is usually expressed as

nominal exchange rate x foreign price level

real exchange rate = ——
domestic price level

The real exchange rate for the krona thus compares the price level abroad, translated into
kronor, with the price level in Sweden. Using the definition above, a higher value for the
real exchange rate corresponds to a lower price level in Sweden compared to abroad, which
is to say a weaker real exchange rate. The weakening of the real krona exchange rate that |
mentioned above thus means that the price level in Sweden has risen more slowly than it
has abroad, expressed in the same currency.

One important detail in this context is what is more specifically meant by price level.
This is because there are a number of conceivable alternatives. Sometimes price levels are
measured using narrow baskets of goods to make the calculations easy to understand.?
However, gaining a more reliable picture requires broader indices of the prices of goods and
services. In general, therefore, the consumer price index is used to calculate real exchange
rates. In this article, | will use consumer price index-based measures of the real exchange rate

* | would like to thank Hanna Armelius, Vesna Corbo, Paola Di Casola, Jesper Hansson, Marianne Nessén, UIf Séderstrom and

Magnus Ahl for valuable comments. The opinions expressed here are those of the author and are not necessarily shared by the
Riksbank.

1 Measured in terms of the krona index (KIX).

2 The so-called Big Mac index is such a price level measure; see The Economist (2020).
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for the discussion, but, to complement the picture and shed light on the causes underlying
changes in the real exchange rate, | will also employ calculations using other price level
measures.

In general, major exchange rate fluctuations awaken both curiosity and discussion.
However, this is far from being a unique phenomenon; instead, it is something that most
countries have been through. Even so, seen over longer time periods, real exchange rates
largely tend to fluctuate around the same level. In statistical terms, they are described as
stationary.? But Sweden’s real exchange rate deviates clearly from this pattern. Figure 1
shows what are known as effective real exchange rates, which is to say the trade-weighted
average of bilateral real exchange rates, for Sweden and our neighbours since 1970.* We can
see that, unlike developments in neighbouring countries, the Swedish effective real exchange
rate has shown a weakening trend since the 1970s. In a broader international perspective
too, this is a uniqgue development. With the exception of when the real exchange rate more
than doubled for the Japanese yen between 1970 and 1995, none of the countries classified
as an industrialised country in 1970 has since then been through a greater change in its
currency’s real exchange rate than Sweden has.®

Figure 1. Effective real exchange rates
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Note. Monthly data. Calculated using the consumer price index as measure of
price levels. A higher value corresponds to a weaker effective real exchange rate.
Source: BIS

In this article, | will investigate what may lie behind this remarkable development. In
section 2, | explain what generally suggests that real exchange rates are stationary. In
section 3, | calculate the effective real exchange rate of the krona even further back in

time to see whether the development shown in Figure 1 forms a continuation of an even
longer trend or whether it is perhaps an adjustment of relative price levels to an earlier
appreciation. In section 4, | discuss the contribution made by various bilateral real exchange
rates to this development. In section 5, | show how the choice of index to represent the

3 Ca’ Zorzietal. (2017) point out that the usual assumption in modern research into exchange rates is that real exchange rates
tend to return to their mean values. This fact is being used to do what Meese and Rogoff (1983) found to be far too difficult (at
any rate over the time frame in which their investigation was conducted, which is to say up to one year ahead), namely to make
better forecasts for exchange rates than a random walk (which simply means assuming that the future exchange rate will be the
same as today’s exchange rate).

4 The aggregation into an effective real exchange rate for Sweden in this diagram, which comes from the BIS, differs slightly
from later diagrams showing effective real exchange rates for Sweden, which use what are known as KIX weights. The reason for
this is a desire here to show effective real exchange rates for several countries from the same source using the same principles for
weighting.

5 This has been measured as the ratio between the highest and lowest monthly listings for the CPI-based effective real
exchange rate over the period 1970 to 2020 according to the exchange rate indices published by the BIS and JP Morgan. According
to the World Bank (1970), the industrialised countries were Australia, Austria, Belgium, Canada, Denmark, Finland, France,
Germany, Iceland, Ireland, Italy, Japan, Luxembourg, the Netherlands, New Zealand, Norway, Sweden, Switzerland, the United
Kingdom and the United States. The appreciation of the yen was partly reversed after 1995 and the Swedish krona is the currency
that has had the greatest absolute percentage change in its effective real exchange rate between 1970 and 2020.
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price level affects the view of the development of the real exchange rate — could the trend
depreciation possibly be an effect of how prices are measured in Sweden, as compared to
abroad? In section 6, | explain how the trend development of the real exchange rate could be
connected to the development of fundamental variables. In section 7, | present an empirical
estimate of the development of the long-run real exchange rate since 1995, together with
what this says about how the gap between the actual real exchange rate and its long-run
level has developed. In section 8, | draw a few conclusions.

2 What is there to suggest that real exchange
rates are stationary?

Before | go into more detail as to why the trend development of the krona’s real effective
exchange rate has been different from those of its more stationary equivalents in
neighbouring countries, it may be helpful to remind ourselves of what there is to suggest
that real exchange rates are stationary.

When analysing real exchange rates, the general assumption is that the purchasing power
of a currency is the same in different countries, which is to say that absolute purchasing
power parity prevails, or at least that the relationship between purchasing power in one
country and purchasing power in another country is constant, which is to say that relative
purchasing power parity prevails. One person who made this argument early on was the
Swedish economist Gustav Cassel, who coined the actual expression purchasing power parity
over a hundred years ago (Cassel 1918, p. 413). Cassel argued that, if the price level in one
country were to increase more than in another, trade between the countries would lead to
the differences being evened out over time, either by the actual prices changing or by the
nominal exchange rate being adjusted. Somewhat simplified, we can imagine that if goods in
Denmark, for example, are cheaper, then it will be worth exporting them to other countries.
Eventually, however, the higher demand for Danish goods should lead either to higher prices
in Denmark too or to the Danish krone rising in value.

Figure 2 shows the development of prices and the exchange rate in Denmark since
1970. From this, we can see that the red line that shows the ratio between world prices and
Danish prices rises until the present day, meaning that Danish prices have risen more slowly
than prices abroad. At the same time, however, the dark blue line shows that the nominal
exchange rate of the Danish krone has appreciated so much that the real exchange rate has
become relatively stable. The Danish real exchange rate thus seems to be stationary.

Developments in Sweden since 1970 look different, however. Figure 3 shows that,
between 1970 and 1996, the development of prices in Sweden was approximately the same
as abroad in that the red line is relatively stable until 1996. However, at the same time, we
see that the nominal exchange rate depreciated in that the dark blue line rises. The light blue
line thereby rises over this period and shows a weakening of the krona’s real exchange rate.
It has also continued to depreciate after 1996, but then for a different reason. While the
nominal exchange rate has varied around one and the same level, the Swedish price level has
risen more slowly than it has abroad, which is to say that the rate of inflation has been lower
in Sweden than abroad. Seen over the entire period since 1970, an initial nominal exchange
rate depreciation followed by relatively weak domestic price growth have thus contributed
to a weakening trend for the real exchange rate of the krona.
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Figure 2. Denmark’s real and nominal exchange rates, and the
country’s domestic price level in relation to the world level
Exchange rates and relative domestic price level expressed as log
deviations from their respective levels in 1970
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Note. Annual data. The real exchange rate development for Denmark differs
slightly from that in Figure 1, as it is based on different sources. The difference
may be due to the sample and weighting of countries in the calculation of
effective exchange rates.

Sources: JP Morgan and own calculations

Figure 3. Sweden’s real and nominal exchange rate and the country’s
domestic price level in relation to the world level

Exchange rates and relative domestic price level expressed as log
deviations from their respective levels in 1970
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Note. Annual data.
Sources: BIS, Macrobond and own calculations

A hundred-year perspective over the real
exchange rate of the krona

Despite the trend depreciation of the krona’s real exchange rate in Figures 1 and 3, a
tendency towards purchasing power parity cannot be ruled out if developments are viewed
over an even longer period. This is because the empirical research literature shows that
purchasing power parity only holds up over long periods of time.® There are many possible
explanations as to why it should be this way. When it takes time for production and prices to
adjust to new conditions, changes in real exchange rates can be long-lasting, even if they are

6 See Taylor and Taylor (2004) for a review of empirical studies of purchasing power parity.
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transitory. In addition, there are factors that may give rise to lasting tends in real exchange
rates. Above all, these concern differences in productivity growth and trends in world market
prices for the country’s exports and imports respectively, factors examined in more depth in
section 6 below. However, even such factors can be neutralised in the very long term through
ideas and technology, like capital and labour, moving across borders.”

However, investigations of a possible tendency towards purchasing power parity over
long time periods come up against the problem that there is a lack of published real effective
exchange rate series stretching further back in time. For most countries in the Riksbank’s
official exchange rate index (the krona index or KIX), however, there is access to both
consumer price indices and nominal exchange rates against the US dollar from the 1950s
or even earlier for some countries. This makes it possible to calculate long time series for
bilateral real exchange rates.® The trade-based weights included in the calculation of KIX
or the similar index | showed in Figure 1 are harder to get at, however. The KIX weights
vary over time but have not been calculated for the period prior to 1994. The bilateral real
exchange rates, aggregated using 1994’s KIX weights, may, however, give an indication of
how the krona’s real effective exchange rate developed further back in time.®

Figure 4 shows the results of these calculations. Here, we have both a number of bilateral
real exchange rates (some going all the way back to 1913) and an aggregate produced using
KIX weights from 1994, shown by the blue line. For the first decades, the aggregated, i.e.
effective, real exchange rate only includes bilateral real exchange rates against the United
States, United Kingdom, Norway and Switzerland. However, from 1957, the aggregate
includes 97 per cent or more of the currencies included in the current KIX index.

7 Froot and Rogoff (1995, p. 1674) express it like this: ‘It is arguable whether one should expect to detect a Balassa-Samuelson
effect in really long-run data. Even though technology can differ across countries for extended periods, the free flow of ideas
together with human and physical capital produces a tendency towards long-run convergence of incomes.” Another approach,
which also leads to the conclusion that real exchange rates should be stationary over the long perspective, is based on variations
in the price indices being dominated by monetary factors that, in turn, are neutral in the long term in the sense that they do not
affect relative prices between goods or between goods and foreign currency; see Dornbusch (1985).

8 KIX aggregates the bilateral exchange rates for the 32 countries that are most relevant to Sweden’s foreign trade. The weights
are so-called trade weights and are updated annually. See Alsterlind (2006) for a discussion of fundamental issues around the
construction of effective exchange rate indices and Erlandsson and Markowski (2006) on the theory and practice behind the
construction of KIX.

9 Using fixed instead of time-varying weights is not unique in itself for effective exchange rate indices. The most commonly used
Swedish effective exchange rate index was, until a few years ago, the so-called TCW index, which uses weights set at the start of
the 1990s. The Riksbank now publishes both the TCW index and the KIX index on its website.
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Figure 4. Sweden’s effective real exchange rate and its component
bilateral real exchange rates since 1913
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Note. Annual data. The blue effective real exchange rate has been calculated as
the KIX-weighted sum of the annual log changes in the bilateral real exchange
rates at any given time, shown by grey curves. Up to and including 1994, KIX
weights from 1994 have been used. In the figure, the bilateral rates have been
indexed at the level of the KIX-weighted rate at their respective starting points.
For the blue curve, the scale means that a level of 0.1 corresponds to a real
exchange rate that is approximately 10 per cent weaker than at the starting
point of 1913, but this approximative translation to percentage deviations
becomes worse as the deviation becomes larger.

Sources: BIS, Macrobond, Sveriges Riksbank and own calculations

Just like Figure 1, Figure 4 shows that the real exchange rate of the krona has weakened in
recent decades. But what Figure 4 also shows is that, with a longer perspective, the krona’s
effective real exchange rate appears somewhat stationary until the start of the 1990s. When
the real exchange rate weakened between the mid-1970s and the start of the 1990s, this
could be seen as a return to the same level that the real exchange rate had fluctuated around
over most of the 1900s. This was a period in which Sweden entered into various different
fixed exchange rate systems. When prices then increased more rapidly in Sweden than in
other countries, Swedish competitiveness worsened, which is to say that the real exchange
rate appreciated. At the end of the 1970s and start of the 1980s, Sweden therefore carried out
several devaluations to restore competitiveness.'® The real exchange rate then appreciated
again and, in 1992, the year in which a floating exchange rate was adopted, it was at the
same level that it had fluctuated around over most of the 1900s. However, the krona has
subsequently depreciated in real terms against all currencies included in the KIX index.

4 A broad depreciation but mostly against rapidly
growing countries’ currencies

One way of examining in more detail how an effective real exchange rate has developed is
to study the bilateral real exchange rates it consists of. This makes it possible to see if the
development is being driven by certain countries and, if so, what these countries have in
common.

The krona’s real exchange rate appreciated against most currencies between the end
of the 1950s and the start of the 1990s. This can be anticipated in Figure 4, where most of
the grey lines are at or above zero at the end of the 1950s but below zero at the start of the
1990s.'* However, since 1992, the krona has depreciated clearly against all KIX currencies
with available data. This can be seen by the grey lines finishing at a higher level than they

10 See Bordo et al. (2017) for a historical overview of economic policy regimes that have tended to affect the global
development of exchange rates since 1880 and Sveriges Riksbank (2000) for a description of Sweden’s participation in various
fixed exchange rate systems.

11 In most cases, data that allows calculations of bilateral exchange rates is available from 1957 on, which, as the figure is
constructed, means that the data started on the blue KIX line’s level in 1957 when this was very close to zero.
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had in 1992.%% Figure 5 shows the bilateral real exchange rates that affected the KIX-weighted
real exchange rate the most.*® The krona’s effective real exchange rate with the KIX countries
and its most important bilateral component, the euro area, follow each other closely, while
the pattern for other bilateral real exchange rates varies both among themselves and over
time. The bilateral real exchange rate with the United States has fluctuated heavily. A gradual
appreciation between 1950 and 1980 was followed by several decades with large changes

in value. However, since 1980, the krona’s real exchange rate against the US dollar has
depreciated and the current level is approximately the same as it was 70 years ago.

Figure 5. Bilateral real exchange rates against the currencies that
have contributed most to the depreciation of the KIX-weighted real
exchange rate

CPI-based bilateral real exchange rates, index 1992 = 100

ARRAEN
7y N

MBS A AR
A
: =

10 20 30 40 50

0 90 00 10 20

== Euro area = USA UK Denmark
== Norway == Japan Poland —_— KIX

Note. Annual data. The bilateral real exchange rates shown are those that have
made a contribution of more than 2 percentage points to the depreciation of
the KIX-weighted index since 1957, 1970 or 1992. Since 1994, KIX weights from
1994 have been used.

Sources: BIS, Macrobond, Sveriges Riksbank and own calculations

The picture is, to some extent, compatible with the Balassa-Samuelson hypothesis — that
the real exchange rate can be expected to appreciate in countries with strong productivity
growth against the rest of the world. The hypothesis is based on the assumption that
productivity primarily changes in the production of goods and services that are traded
internationally and whose prices will develop in the same way in different countries precisely
because they are traded internationally. When productivity rises in this part of the economy,
wages rise. In turn, the higher wages drive up prices for the goods and services that are not
traded internationally, so-called domestic market goods. Prices for domestic market goods
(and therefore also the price level in a common currency as a whole) thereby rise faster in
countries with stronger productivity growth. | write more about this in section 6.

With a few isolated exceptions, over the period 1957-1992, the Balassa-Samuelson
hypothesis works well to explain the development of the bilateral real exchange rates
in Figure 5. The real exchange rate depreciated heavily against Japan, which then had
significantly faster productivity growth than Sweden. The difference is shown by the blue
bars in Figure 6. The real exchange rate also weakened against the euro area, Denmark
and Norway, which all had higher productivity growth, at the same time as it strengthened
against the United States, whose productivity growth was weaker than Sweden’s. The
exception in this period is that the real exchange rate weakened against Poland, even though
productivity growth there was significantly weaker than in Sweden.

12 There is no data for Slovakia prior to 1994 and none for Russia prior to 2001.

13 In this figure, China and Switzerland have been excluded, however, as the differences between the highest and lowest listings
in their cases would require a scale that would make the figure hard to read. See the appendix for a version of this figure that also
includes China and Switzerland.
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Between 1992 and 2019, the Balassa-Samuelson hypothesis does not hold up as well
as an explanation for how the bilateral real exchange rates that | presented in Figure 5
developed. The krona’s real exchange rate weakened overall, even though Sweden had
higher productivity growth than all these countries and regions apart from Poland and China.
Within the group advanced economies, the real exchange rate depreciation has certainly
been least against Norway and Japan, which have had the weakest productivity growth
over this period, but, at the same time, the depreciation has been relatively strong against
Switzerland, which had the weakest productivity growth over this period.

Figure 6. Productivity growth in the economies whose currencies
have contributed most to the depreciation of the KIX-weighted real
exchange rate

Average annual percentage change in GDP per inhabitant aged 15-64
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Note. Due to a lack of data, the change in the entire population has been used
when calculating productivity growth in the first three years. For the euro area,
the blue bar represents the period 1960-1992.

Sources: OECD, Penn World Table and World Bank

The fact that the krona has depreciated in real terms against as good as all other currencies
also means, of course, that no single bilateral relationship lies behind the weakening of the
effective real exchange rate. This is also illustrated by Figure 7, which shows contributions

to the weakening of the KIX-weighted real exchange rate since 1957, 1970 and 1992. The
euro is responsible for the single greatest contribution but this is primarily due to the euro’s
great weight in the KIX index, which is around 50 per cent. The fact is that the bilateral real
exchange rate against the euro does not deviate significantly from the KIX rate (see Figure 5).
The relatively heavy depreciation against the US dollar in recent years has also clearly
contributed to the weakening of the KIX-weighted index, not least since 1992. Alongside the
currencies of these two major western economies, the Chinese yuan has made the largest
contribution to the weakening of the KIX-weighted real exchange rate since 1992.%* Alongside
the yuan and the euro, the currencies of our Scandinavian neighbours and the Japanese

yen have made the greatest contribution to the weakening of the krona’s real exchange rate
since 1957.

14 The bilateral real exchange rate against China is included in Figure Al in the appendix. This also makes clear that the bilateral
real exchange rate against China appreciated heavily in the years prior to 1992, at least according to available data on nominal
exchange rates and inflation. However, this did not significantly affect the KIX-weighted real exchange rate, as China’s weight in
KIX was very small then, one half of one per cent.
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Figure 7. Contribution to the weakening of the KIX-weighted real
exchange rate

Contribution to log deviation in KIX-weighted CPl-based real exchange
rate
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Note. The bilateral real exchange rates mentioned are those that have made a
contribution of more than 2 percentage points to the depreciation of the
KIX-weighted index since 1957, 1970 or 1992. Each country’s contribution has
been calculated as the sum of its KIX-weighted log changes over the period for
which data has been available for the country in question. Up to and including
1994, KIX weights from 1994 have been used.

Sources: BIS, Macrobond, Sveriges Riksbank and own calculations

To sum up, the krona’s effective real exchange rate seems to have been stationary over the
greater part of the 1900s. A weakening trend started in the 1970s, the first part of which, up
until 1992, can be seen as a return to the level around which this exchange rate fluctuated
since the start of the 1900s. Regardless of whether we start from 1970 or 1992, the real
exchange rate of the krona has developed in a way that has been unique among industrial
countries. A depreciation has taken place against all trading partners of significance, albeit to
varying degrees.

5 Differences in CPI content and price
measurement methods may give an
exaggerated view of changes in the real
exchange rate

So far, my analysis of the real krona exchange rate has focused on measures in which
domestic price levels are represented by the consumer price index (CPI). But the choice of
price index plays a part. Using other measures of price levels gives us a slightly less dramatic
image of the development of the real exchange rate. Among other reasons, this is because
different price indices are constructed in different ways. One example is the CPI, where

one known difference between Sweden and other countries is that mortgage interest costs
are included in the calculation of CPI for Sweden as they are treated as part of households’
housing costs here. The trend decrease in interest rates in recent decades has had a clear
impact on CPl inflation. Other price indices do not include these effects of interest rate
adjustments, for example the European harmonised index of consumer prices (HICP) or
the Swedish CPIF, which is the CPI with a fixed interest rate.’ If the CPI is exchanged for the
HICP or CPIF, the measured real depreciation of the krona since 1992 becomes about 15
percentage points less; see Figure 8. This reflects the considerable fall in interest rates since

15 Statistics Sweden (2017) describes the main differences between these three consumer price indices.
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the mid-1990s.% It is this KIX-weighted effective real exchange rate for the krona, calculated
using the CPI for other countries and the CPIF for Sweden, that the Riksbank usually uses
and sometimes shows in its Monetary Policy Reports. Hereinafter, it will be referred to as the
‘real KIX'.

Figure 8. KIX-weighted real exchange rate with different measures of
the consumer price level
Index 1995 = 100

. A
120 /\ /—J/\
N/~

\—~/

~/

110 /_\//\
A=A\
RVASNE|

J | N

1980 1985 1990 1995 2000 2005 2010 2015 2020

80

== CPl abroad, CPIF in Sweden (Real KIX)
== PPP-based real exchange rate

CPl abroad, HICP in Sweden
== CPl abroad and in Sweden

Note. Annual data. The difference between the three upper curves is
exclusively due to different choices of price index for Sweden, which is to say
the denominator in equation (1). The black curve corresponds largely with the
curve for Sweden in Figure 1 but differs slightly due to differences in the
selection of trading partner and their weights. Up to and including 1994, KIX
weights from 1994 have been used.

Sources: BIS, National Institute of Economic Research, Macrobond, Statistics
Sweden, Sveriges Riksbank and own calculations

Figure 8 also shows an effective real exchange rate for the krona, constructed using statistics
on price levels from the international comparison programme used to calculate purchasing
power parity adjusted (PPP-adjusted) GDP levels.'” This statistic is based on comparisons of
prices for identical or very similar products in all countries. However, the comparisons are
based on a significantly smaller sample of products than normal price statistics and price
data is collected less frequently. Short-term fluctuations in price levels are thereby not
captured so well but, seen over a number of years, the international comparisons should
give a picture of the development of the real exchange rate that can be compared with other
measures of the real exchange rate.’®

As the short-term variations of the real exchange rate, regardless of measure, are
dominated by variations in the nominal exchange rate, the variations in the effective
real exchange rate for the krona that can be extracted from the PPP statistics are clearly
reminiscent of the variations we see in the CPI/CPIF-based real exchange rate. On the other
hand, the PPP-based real exchange rate does not demonstrate the same clear depreciation
trend. This is primarily due to developments between 2008 and 2019. During this period, the
real KIX weakened by 13 per cent, while the PPP-based real exchange rate was unchanged.
This pattern for the difference between CPI/CPIF-based and PPP-based real exchange
rates can also be found in the most important bilateral relationships, with the exception of
Norway; see Figure 9. The difference is particularly clear for how the krona’s bilateral real

16 The development in the figure is based on data available from 1980. Even before that, trend changes in the level of interest
rates have taken place that may have affected how measured inflation in Sweden related to the rest of the world. However, these
historical trend interest rate fluctuations appear to be smaller than the one taking place since the mid-1990s.

17 PPP stands for purchasing power parity. See EU and OECD (2012) for details of how this statistic is calculated.

18 The comparison does not go back further in time than 1995 because published PPP data from before that point are backdates
based on the consumption deflators of the countries included (see OECD, 2016).
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exchange rate has developed against the euro. It weakened by 19 per cent between 2008
and 2019 according to the CPI/CPIF-based measure but only by 1 per cent according to the
PPP-based measure.

Figure 9. Bilateral real exchange rates — PPP vs. CPI/CPIF
Bilateral real exchange rates based on CPI/CPIF and comparative price level indices, index 1995 = 100
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Note. Annual data. CPI/CPIF-based real exchange rate means that the calculation of the real exchange rate has used the
CPI for other countries and the CPIF for Sweden. The PPP-based real exchange rates are the comparative price level
indices calculated as the ratio of the PPP exchange rate and the actual nominal exchange rate.

Sources: BIS, Eurostat, Macrobond, OECD, Statistics Sweden and own calculations

One possible contributing explanation for the difference between these measures of the

real exchange rate may be differences between how statistical authorities make quality
adjustments when producing various price indices, which does not have to be done at

all when producing PPP statistics. For example, Tysklind (2020) shows that price growth
measured for quality-adjusted product groups differs significantly between different
countries in Europe, of which the measured price growth in Sweden is one of the slowest.
This is despite these largely being products that are similar and can easily be traded between
countries. This indicates that the prices for these goods are adjusted downwards for quality
improvements more in Sweden than in other countries.

As | mentioned above, the PPP-based real exchange rate measure does not risk being
disrupted by differences in quality adjustment. At the same time, there may be a tendency
for prices included in the PPP statistics to comply with the law of one price to a greater
extent than consumer prices in general.’ The desire for comparability in the products
included may push the sample towards those products that are easiest to compare from
country to country. Consequently, their prices can be expected to be smoothed out by

19 The law of one price means that identical goods are sold for the same price on all markets expressed in a common currency.
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trade from country to country to a greater extent than other products.? This could be an
explanation for why the PPP-based measure conveys a less clear trend in the real krona
exchange rate.

The differences between the various measures of the real exchange rate that we have
compared so far suggest that it would be appropriate to complement the picture with other
measures. One way of proceeding would be to use costs instead of prices. We can do this
by calculating the real exchange rate based on unit labour cost (ULC).% This uses ULC for the
entire economy, or some sector such as the manufacturing sector, instead of the consumer
price index. Instead of being a measure of how many baskets of Swedish goods and services
Swedish consumers would have to give up to purchase a similar basket of goods and services
abroad, the ULC-based real exchange rate indicates how many units of Swedish labour
would be needed to produce what would be required to buy what a unit of labour produces
abroad. Use of the ULC-based method avoids variations stemming from changes in price
mark-ups as well as the difficulties in comparing data to which consumer price indices can
give rise. At the same time, the unit labour cost captures the labour cost and not the total
cost of a produced unit, which could affect the picture of the relative price level development
if the labour cost’s share of the total cost were to develop differently in Sweden and abroad.
Another difference from the consumer price index is that ULC refers to what is produced and
not what is consumed in each country. Consequently, it does not include costs for producing
whatever is imported but does include costs for producing export goods, investment goods
and public services, which is to say goods and services that are not included in the consumer
price index.

Available statistics make it possible to create ULC-based real exchange rates from 1970
on. Figure 10 shows that, despite the not inconsiderable differences between what is
included in the measures, the development of the real krona exchange rate based on ULC
for the entire economy is similar to the development of the real KIX until 2006. On the
other hand, there arises a deviation after the global financial crisis when real KIX develops
considerably more weakly.?? The development of the ULC-based measure is then more
consistent with the PPP-based measure. The figure also shows the real exchange rate based
on ULC in the manufacturing sector, which shows a much more powerful depreciation than
the other measures of the real exchange rate between 1992 and 2006. This measure only
captures costs associated with the production of goods that are traded internationally to a
very great extent. The depreciation therefore probably reflects the deterioration of Sweden’s
terms of trade over the same period — a development that | will discuss in more detail in the
next section.

20 The manual for data collection for PPP statistics explicitly specifies how the selection of products is to be carried out and that
it is desirable to select products that are available for price determination in many countries; see EU and OECD (2012). Ravaillon
(2018) finds indirect support for the hypothesis of an implicit preference for internationally comparable traded goods in the
international price comparison programme. In addition, it can be demonstrated that, even if all prices are measured perfectly,
the development of relative CPI and relative PPP will differ due to relative price changes as long as the consumption baskets differ
among the countries compared (see Deaton and Aten, 2017).

21 Comparisons of ULC in common currency are also made with the aim of studying competitiveness; see, for example, Sveriges
Riksbank (2019).

22 Itis possible that the differences in the development of the different measures can, to some extent, be explained by
differences in the development of the labour share in Sweden and abroad. According to the Penn World Table, the share of
labour cost in GDP fell more in Sweden than abroad between 1977 and 1998, which coincides well with a period in which the
krona’s ULC-based real exchange rate depreciated more than the CPI/CPIF-based one. After that, the labour share again increased
somewhat in Sweden, at the same time as it fell or remained unchanged in the most important KIX countries. The ULC-based real
exchange rate then showed less weak development than the CPI/CPIF-based one.
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Figure 10. KIX-weighted real exchange rate with different measures
of the price level
Index 1995 = 100

140

o R A
100 //\\/-/d \J~\,C
ALY

YA

80

70—~ -

60

50
70 75 80 85 90 95 00 05 10 15 20

= Real KIX

== PPP-based real exchange rate
Real exchange rate based on ULC in the whole economy
Real exchange rate based on ULC in manufacturing

Note. Annual data. Up to and including 1994, KIX weights from 1994 have been
used in the aggregation. For real KIX, the CPIF has been used as price index for
Sweden from 1980 on, and the CPI before this. Data access is more limited for
ULC in the manufacturing sector than for other measures. To promote
comparability between the series, the index for other series has therefore only
been calculated with the aid of the observations (for countries and dates) that are
also available for ULC in the manufacturing sector. One implication of this is that
data for the largest emerging market economies (Brazil, India, China and Russia) is
completely absent and data for certain other countries only affects the index over
part of the period. This makes the weakening of the real KIX and the PPP-based
real exchange rates somewhat smaller than in the other figures.

Sources: BIS, European Commission (DG ECFIN AMECO), National Institute of
Economic Research, Macrobond, Statistics Sweden, Sveriges Riksbank and own
calculations

6 Terms of trade and relative productivity are key
variables for the real krona exchange rate

As was mentioned above, normally, a trend weakening of a country’s real exchange rate

is traditionally explained by the country having weaker productivity growth than other
countries.?® In addition, it is often pointed out that worsened terms of trade can explain a
weakening of the real exchange rate.?* The basic idea behind this is that international trade
evens out prices of goods and services that can be traded internationally. The more a country
can produce with the available resources (its productivity) or obtain through trade (its

terms of trade), the higher the wages in that country can be expected to be. In turn, these
determine prices for domestic market goods, which is to say the only prices that can differ
more permanently from country to country, and thereby the strength of the country’s real
exchange rate.

6.1 The trend of relative productivity has changed

Relative productivity growth has had a prominent role in the empirical research literature
that aims, with the Balassa-Samuelson hypothesis as a starting point, to find explanations
for lasting changes to real exchange rates. In this context, the way productivity is defined
and measured is crucial. The Balassa-Samuelson hypothesis basically suggests that the
real exchange rate is determined by how productivity in internationally-traded production
relative to productivity in the production of domestic market goods can be compared to

23 See Balassa (1964) and Samuelson (1964).
24 See, for example, Neary (1988), Chen and Rogoff (2003), and Berka et al. (2018).



SVERIGES RIKSBANK ECONOMIC REVIEW 2021:2

the same relationship in other countries. This means that, if we wish to know to which
extent productivity growth can explain how a real exchange rate has developed, we need
to have access to comparable sector-specific productivity data for the home country as well
as for all countries included in the index calculation. This is a high demand. Nevertheless, a
number of attempts of this kind have been made and, in most cases, they provide support
for the hypothesis.?> However, if we are interested, as we are in our case, in explaining the
development of an effective real exchange rate that includes emerging market economies
and, furthermore, wish to be able to illustrate developments over a longer period, there are
limited possibilities for obtaining the necessary data. In practice, one must instead rely on
one measure of productivity for the entire economy in the hope that productivity growth
mainly takes place within internationally-traded production, which is an assumption used
and also empirically supported already by Balassa (1964).

Figure 11 uses GDP per inhabitant aged 15—64 to measure productivity. This lets us create
a KIX-weighted index starting in 1960.% In the figure, we can see that productivity measured
in this way increased more slowly in Sweden than abroad in the years between 1960 and
1993. This can be expected to have contributed to weakening the real krona exchange
rate during this period. After this, there followed a period of relatively strong Swedish
productivity growth until 2006, which has, however, fallen again in recent years. Relative to
the euro area, Sweden’s productivity growth has followed a similar pattern but it weakened
slightly more until 1993, followed by a slightly larger strengthening afterwards. One
conclusion of this is that it is possible to explain, to a certain extent, the depreciation of the
real krona exchange rate until about 1993 through productivity growth, but not afterwards.

Figure 11. Sweden’s productivity relative to other countries
Sweden’s GDP per inhabitant between the ages of 15-64, relative to
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Note. Annual data.
Sources: OECD, Penn World Table, World Bank

6.2 Worsened terms of trade may have contributed to the

depreciation
Terms of trade have also frequently been included in empirical studies that have attempted
to explain real exchange rate movements. More favourable terms of trade are not just
equivalent to higher productivity in the production of internationally-traded goods and
services (as this means that one and the same amount of work in the production of export

25 See Gubler and Sax (2019) for an overview.

26 A smaller investigation of how Sweden’s productivity in internationally-traded production in relation to productivity in
production of domestic market goods compares to the corresponding relative productivity in the euro area over the period
1995-2018 points to a development closely resembling that for relative GDP per inhabitant aged 15-64.
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goods allows a larger volume of imports), which may be expected to affect the real exchange
rate positively by pushing up prices for domestic market goods. They may, in addition, have a
direct effect on relative consumer price levels and thereby the real exchange rate if there is a
so-called home bias in consumption.?”

In Figure 12, we can see a negative trend in the Swedish terms of trade, measured as the
relationship between export prices and import prices in the national accounts, until about
2005. This can be presumed to have contributed to the trend depreciation of the real krona
exchange rate over the same period. Among the product groups playing an important role
within Swedish international trade, price growth for petroleum products, as well as pulp and
paper, seem to have contributed to worsened terms of trade.?® After 2005, it becomes more
difficult to explain a depreciation of the real exchange rate on the basis of the development
of the terms of trade.

Figure 12. Sweden’s terms of trade
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Note. Annual data.
Sources: European Commission, DG ECFIN, AMECO

6.3 Other possible factors behind the development of the real

exchange rate

Alongside productivity in relation to other countries and the terms of trade, there are
a number of other factors that are mentioned in the research literature and that could
contribute towards explaining the depreciation trend in the real krona exchange rate. These
can be divided into factors that, like productivity in relation to other countries, affect how
rich a country is in relation to other countries, and into factors that more directly affect the
relationship between prices for domestic market goods and internationally-traded goods.

The net external position, which is to say the difference between claims on and liabilities
to other countries, reflects a country’s wealth in comparison to the rest of the world and has
therefore been highlighted as potentially important for a country’s real exchange rate.” The
net external position depends partly on the historical development of the current account
and partly on changes in the market values of the securities that make up the country’s
assets and liabilities. Unfortunately, there are significant measurement problems here,
which make it difficult to determine how this variable has developed for Sweden’s part.*°
However, a dataset that is often used in this context and which was developed by Lane and
Milesi-Ferretti (2018), the current level lies very close to the 1970 level. Even if Sweden were
to have undergone a major change in its net external position, Christopoulos et al. (2012)

27 See Berka et al. (2018).

28 According to the export and import price indices published by Statistics Sweden.

29 See, for example, Lane and Milesi-Ferretti (2004).

30 See Blomberg and Ostberg (1999) and Blomberg and Falk (2006) for discussions of measurement problems and difficulties in
making accurate comparisons further back in time.
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show that this should not affect the real krona exchange rate as there are no restrictions on
Sweden'’s access to foreign capital.

Factors that more directly affect the relationship between prices on the domestic
market and internationally-traded goods should also be able to affect the real exchange
rate. In a comprehensive analysis of 48 countries’ effective real exchange rates, Ricci et al.
(2008) find that three such factors exert a certain influence on real exchange rates: public
consumption since it can affect total demand in the direction of domestic market production,
protectionism since it can drive up domestic prices above world market prices and price
controls since they can keep prices below their market levels. However, a review of how
these variables have developed in Sweden and among our most important trading partners
indicates that the relative changes have been so minor that they could only have had a
marginal influence on the trend development of the real krona exchange rate.

In summary, it seems that, for a number of decades, there have been trends in certain
key variables, more specifically in Sweden’s productivity relative to other countries and in the
terms of trade, that could explain a trend depreciation of the real krona exchange rate, at
least up until 2005. However, how much these variables may have contributed to the trend
of the real exchange rate and what can explain the variations around this trend, remain to be
determined. In the next section, | show how this can be done using an empirical model.

7 A model estimate and the development and
current level of the long-run real exchange rate

Belfrage et al. (2020) describe an empirical model to explain the trend in the real krona
exchange rate and how this relates to the central explanatory variables that | have presented
above. This is a time series model with time-varying equilibrium levels. We interpret the
long-run real exchange rate as the trend level obtained from the model and which we
assume is a linear combination of estimated trends in the measures of relative productivity
and terms of trade that | discussed in section 6.3! In one and the same estimate, we can
then use so-called Bayesian methods to calculate the long-run real exchange rate and the
variations in the difference between the actual and long-run real exchange rate, known

as the real exchange rate gap. In turn, the short-term variations in the real exchange rate
gap are explained by the variations around the trends in relative productivity, the terms of
trade and the current account, variations in the interest rate differential against the rest of
the world (based on the hypothesis that the exchange rate is affected by how the return on
investments differs from the rest of the world) and the VIX index (which reflects uncertainty
over developments on the financial markets and thus demand for assets in currencies such
as the krona that are considered less liquid), as well as a real exchange rate shock.

Figure 13 shows outcomes and estimated trend levels for Sweden’s relative productivity
and terms of trade, while Figure 14 shows the model’s estimate of the long-run level of the
real KIX since 1995.32 We can see that, between 1995 and 2005, there is a trend increase
in Sweden'’s productivity compared with the rest of the world, which itself suggests an
appreciation of the long-run real exchange rate. At the same time, however, there is a
powerful trend deterioration of the terms of trade, which itself suggests a depreciation
of the long-run real exchange rate. In the model estimate, we can say that the effect of
the worsened terms of trade dominates, as the estimated long-run real exchange rate
depreciates over the period in which the trends of the explanatory variables move in
different directions. After this, it is almost unchanged until 2015, after which a certain

31 See Lane and Milesi-Ferretti (2004) for a theoretical model that gives rise to such a link.

32 Limited access to more frequent data (here, quarterly data) and the fact that the dynamics of the real exchange rate also
changed in conjunction with the transition from fixed rate to floating exchange rate at the end of 1992 explain why the model
estimate restricts itself to the period from 1995.
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depreciation takes place as the trend levels fall for both relative productivity and the terms
of trade.

Figure 13. Outcomes and estimated trend levels for central explanatory variables
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Figure 14. Long-run real KIX according to estimate using the
TVE-VAR model
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CPIF has been used as price index for Sweden from 1980 on, and the CPI before
this. The dotted lines show the 95 per cent posterior coverage interval for the
model estimate.

Sources: BIS, National Institute of Economic Research, Macrobond, national
sources, Statistics Sweden, Sveriges Riksbank and own calculations

The krona can be said to have been weak over the periods in which the actual real exchange
rate exceeded the estimated long-run level, and strong when the opposite was true. For
example, the Swedish krona was weak during the most intensive phase of the global financial
crisis 2009-2010, which was a period of clearly elevated uncertainty surrounding the world
economy in general and developments on the financial markets in particular. The krona

was subsequently strong over the years 2011-2014, when Swedish monetary policy was

less expansionary than it was abroad, and may therefore have contributed to a stronger
krona exchange rate by affecting the interest rate differential against the rest of the world.*
Between 2018 and 2020, the krona has been weak again. Bacchetta and Chikani (2021) also

33 The model explains the real exchange rate gap through the included variables’ deviations from their respective trend levels,
but without making further assumptions it is unfortunately impossible to identify the contributions made by each variable.
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attempt to explain the development of the real krona exchange rate with largely the same
set of variables but with a different method of estimation. They obtain a similar picture

of the development of the real exchange rate gap.3* Unfortunately, the reasons for the
deviations from the long-run level cannot be identified, either in their model or in the model
presented here. Further analysis is needed to gain deeper insights into this.

8 Conclusions

The effective real krona exchange rate — measured using the consumer price index —
seems to have been stationary over most of the 1900s. However, in recent decades, it has
undergone a clear trend depreciation that is almost unique in an international comparison
in terms of size and duration. The real krona depreciation has taken place against all trading
partners of significance, albeit to varying degrees. Even when the real exchange rate is
calculated using alternative measures of price levels, such as the OECD and Eurostat’s
comparative price level indices and unit labour costs, a depreciation trend is visible.
However, these calculations also give a slightly less dramatic picture of the development of
the real krona exchange rate, particularly after 2008. The trend depreciation can, at least
partially, be explained by weaker productivity growth in Sweden than abroad and a trend
weaking of Sweden's terms of trade.

34 They use dynamic OLS regressions, in one variant on quarterly data from 1975 to 2018 and in another variant on annual data
from 1970 to 2018. Their analysis does not relate trend levels but the variables’ actual levels. In their model, the exchange rate
gap is therefore simply the residuals from the regression.
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Appendix

Figure Al. Bilateral real exchange rates against the currencies that
have contributed most to the depreciation of the KIX-weighted real
exchange rate
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Note. Annual data. The bilateral real exchange rates shown are those that have
made a contribution of more than 2 percentage points to the depreciation of
the KIX-weighted index since 1957, 1970 or 1992. Up to and including 1994, KIX
weights from 1994 have been used.

Sources: BIS, Macrobond, Sveriges Riksbank and own calculations
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