
Jón Helgi Egilsson

Article

How raising interest rates can cause inflation and currency
depreciation

Journal of Applied Economics

Provided in Cooperation with:
University of CEMA, Buenos Aires

Suggested Citation: Jón Helgi Egilsson (2020) : How raising interest rates can cause inflation and
currency depreciation, Journal of Applied Economics, ISSN 1667-6726, Taylor & Francis, Abingdon,
Vol. 23, Iss. 1, pp. 450-468,
https://doi.org/10.1080/15140326.2020.1795526

This Version is available at:
https://hdl.handle.net/10419/314101

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dürfen die Dokumente nicht für öffentliche oder kommerzielle
Zwecke vervielfältigen, öffentlich ausstellen, öffentlich zugänglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfügung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewährten Nutzungsrechte.

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

  https://creativecommons.org/licenses/by/4.0/

https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://doi.org/10.1080/15140326.2020.1795526%0A
https://hdl.handle.net/10419/314101
https://creativecommons.org/licenses/by/4.0/
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/


Journal of Applied Economics

ISSN: (Print) (Online) Journal homepage: www.tandfonline.com/journals/recs20

How raising interest rates can cause inflation and
currency depreciation

Jón Helgi Egilsson

To cite this article: Jón Helgi Egilsson (2020) How raising interest rates can cause
inflation and currency depreciation, Journal of Applied Economics, 23:1, 450-468, DOI:
10.1080/15140326.2020.1795526

To link to this article:  https://doi.org/10.1080/15140326.2020.1795526

© 2020 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group.

Published online: 26 Jul 2020.

Submit your article to this journal 

Article views: 32204

View related articles 

View Crossmark data

Citing articles: 5 View citing articles 

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=recs20

https://www.tandfonline.com/journals/recs20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/15140326.2020.1795526
https://doi.org/10.1080/15140326.2020.1795526
https://www.tandfonline.com/action/authorSubmission?journalCode=recs20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=recs20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/15140326.2020.1795526?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/15140326.2020.1795526?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/15140326.2020.1795526&domain=pdf&date_stamp=26%20Jul%202020
http://crossmark.crossref.org/dialog/?doi=10.1080/15140326.2020.1795526&domain=pdf&date_stamp=26%20Jul%202020
https://www.tandfonline.com/doi/citedby/10.1080/15140326.2020.1795526?src=pdf
https://www.tandfonline.com/doi/citedby/10.1080/15140326.2020.1795526?src=pdf
https://www.tandfonline.com/action/journalInformation?journalCode=recs20


ARTICLE

How raising interest rates can cause inflation and currency 
depreciation
Jón Helgi Egilsson

Faculty of Economics, University of Iceland, Reykjavik, Iceland

ABSTRACT
In this paper we derive a new model on exchange rate response to a 
lasting higher interest rate level. Contemporary models do not 
provide a convincing explanation for this relationship, but recent 
research suggests that models based on demand-pull effects to be 
somewhat confined to small funding cost increases. This would 
make cost-push effects more relevant when the interest rate differ
ential (IRD) is larger and longer-lasting. The new model accounts for 
cost-push effects and suggests that a persistent higher IRD can 
evoke multiple responses, including currency depreciation, specia
lization, inflation, and wage drift. The model suggests that excessive 
long-lasting IRD can spark a chronic interaction between inflation 
and currency depreciation. Empirical data substantiate the predic
tion capability of the new model. We also demonstrate how the 
uncovered interest rate parity (UIP) principle is a special case, which 
can explain its empirical research anomalies, and when carry trade 
is a profitable investment strategy.
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1. Introduction

The difficulty lies not so much in developing new ideas as in escaping from old ones. 

John Maynard Keynes

The exchange rate response to an interest rate change is an important transmission 
channel for monetary policy, in addition to the fact that the exchange rate is probably the 
most important price in any economy, since it affects all other prices; see, e.g., Frieden 
(2016). The exchange rate is influenced by many factors, including short-term interest 
rates, which is the topic of this paper. Now, however, it is widely accepted that con
temporary models do not provide a convincing explanation for this relationship; see, e.g., 
Priewe (2017).1

CONTACT Jón Helgi Egilsson j.h.egilsson@gmail.com Asvallagata 15, 101 Reykjavik, Iceland
This article has been corrected with minor changes. These changes do not impact the academic content of the article.
1Textbook models of the long-term exchange rate response to an interest rate differential (IRD), such as the well-known 

Mundell-Fleming model and the Dornbusch (1976) overshooting model, assume that interest rate parity will hold. But 
interest rate parity principles like uncovered interest rate parity (UIP) have almost universally been empirically rejected. 
The first study to reject the UIP theory was conducted in 1980 by Bilson (1980), but many others have rejected it as well: 
Cumby and Obstfeld (1980), Meese and Rogoff (1981), Hansen and Hodrick (1980), Rogoff (1983), and most famously, 
Fama (1984).
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Contemporary economic theory assumes that raising interest rates reduces growth in 
aggregate demand in the economy, which leads to lower inflation. This assumption rests 
on demand-pull effects, which also suggest that raising interest rates reduces consumer 
spending and investment because the cost of borrowing increases and saving becomes 
a more attractive option. The increase in saving reduces the supply of money in circula
tion, curbs inflation, and increases the value of the currency. Appreciation of the 
currency hurts the export sector and eases potential wage pressures since labor demand 
declines as a result of reduced competitiveness for local tradable goods and services.

A different school of thought is based on the cost-push effects, which suggests that 
raising interest rates will be reflected in a higher price level. But despite higher funding 
costs associated with higher interest rates, a leading explanation in the economic litera
ture is that monetary policy has real demand-pull effects because firms incur a cost when 
changing prices. In economics, a menu cost is the cost to a firm when it changes its prices. 
It is argued that if there are small changes in cost factors such as funding costs, a firm 
might prefer to exist in slight disequilibrium rather than incur the menu cost. With the 
aforesaid argument, the cost-push effects have been mostly brushed aside. However, Eric 
Anderson, Jaimovich, and Simester (2015) have provided evidence that the menu cost 
channel operates only when cost increases are small in magnitude. If so, what if the 
increased funding cost is not “small in magnitude”? Will a lasting interest rate differential 
(IRD) translate into funding cost-push effects, and if so, how?

The Gibson paradox, a concept dating back to 1923, refers to the observation that real 
interest rates and changes in the general price level are positively correlated at times. The 
term was first used by John Maynard Keynes. Shiller and Siegel (1977) confirmed such 
a positive correlation using British data covering 25 years. Friedman and Schwartz (1982) 
found long periods of such a positive correlation but offered a variety of possible 
explanations (p. 631). Barth and Ramey (2001) argued that the cost-push channel was 
the primary monetary policy transmission mechanism for some industries, but its 
potency was found to vary over time. Allen and Gale (2000, 2004) also concluded that 
the cost-push channel effect varied over time. Tillmann (2009a, 2009b) described how 
firms’ reliance on borrowing working capital caused higher interest rates to translate into 
a higher cost of working capital and a rise in inflation. He also posited that even if no 
working capital was borrowed from banks, firms’ opportunity cost of own funds would 
rise with market interest rates; therefore, in this way, higher interest rates would affect the 
price level. Tillmann (2008) argued further that cost-push effects could explain inflation 
dynamics in forward-looking price and wage stickiness models for the US, the UK, and 
the eurozone. Ravenna and Walsh (2006) showed that a cost-push shock arises endo
genously when a cost-push channel for monetary policy is introduced into the new 
Keynesian model. Chowdhury, Hoffmann, and Schabert (2006) examined the cost-push 
channel for inflation dynamics for the G7 countries and demonstrated significant but 
varying effects for the majority of countries. With simulation, an inverse inflation 
response was demonstrated if the cost-push channel was sufficiently strong relative to 
the demand channel. In a study of five OECD countries and 21 manufacturing sectors, 
Dedola and Lippi (2005) demonstrated that monetary policy decisions affected both the 
cost-push channel and the demand channel. Adolfson, Laséen, Lindé, and Villani (2005) 
found the cost-push channel to be dominant in the eurozone, while Rabanal (2007) 
argued that the demand channel dominated the US economy.
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Should exchange rate models consider the cost-push effects of higher funding costs? 
And, are the observed empirical anomalies, due to varying magnitudes of cost increases, 
and the real response oscillating between demand-pull and cost-push effects, or 
a combination of both? In 2018, emerging markets around the world, from South 
Africa to Indonesia, experienced plummeting currencies and an outflow of foreign 
investment. The triggers for the currency collapses in Argentina, Turkey, South Africa, 
and Indonesia have all been different but with the same outcome – loss of confidence, an 
outflow of funds, and a currency devaluation. Argentina, which had stabilized after 
a crisis earlier in the year, fell back into emergency mode in August, raising interest 
rates to 60%. Its currency, the peso, depreciated 50% in 2018 and further 37% in 2019 
against the US dollar. Taking the above into consideration, a crucial question was asked 
in a recent WEF news story:2 Why are all these different countries – on different 
continents, with different economic situations and leadership – suffering from the 
same symptoms?

We can extend this question and ask why this is nothing new, even when the hard-hit 
economies are following prudent monetary policy practices based on contemporary theory 
and economic models. Is it possible that theory and the derived monetary policy practices are 
somehow a part of the problem? Over the last half century, the world has witnessed 796 
episodes where a national currency has depreciated more than 20% in a calendar year, and 
235 episodes where the depreciation was more than 50%; see Figure 1. A currency crash tends 
to cause economic turmoil, disruptions that harm long-term economic growth, even political 
unrest, human suffering, and tragedy. In the past two decades, the so-called advanced 
economies had only six incidents where the shock exceeded 20%, and one incident where 
the shock exceeded 30% (49% in Iceland in 2008). Furthermore, we see that a large interest 
rate differential (IRD) is a common precursor to depreciation episodes. For example, over the 
last three decades, in the year leading up to a currency shock exceeding 20%, among the 
advanced economies, the average IRD3 was 11.5%, with a median of 6.6%.

In this paper, we model how the exchange rate might respond to a lasting IRD. We use 
a simple two-country model wherein each country has its own currency. The respective 
interest rates are governed by monetary authorities. The local country is a small open 
economy, small enough compared to a large foreign country that it does not affect the 
foreign country. The production function has a cash-in-advance (CIA) constraint, since 
we assume that production output must be funded before the product is sold. Firms are 
assumed to maximize profits. We assume labor markets to be interlinked long term, and 
we assume that prices and factors of production are constrained by international price 
gaps. Because the model assumes economic principles that are shown empirically to hold 
better long term than short term, the model should be considered an indication for long- 
term effects of a lasting wider IRD, but not for short-term predictions.

A persistently wider IRD will affect an economy’s relative funding costs, a factor of 
production, and these higher costs will probably be passed into pricing unless cost 
increases are small enough that they can be absorbed. The longer a higher interest rate 
level lasts, the more it eats into firms bottom lines, eroding profit margins and increasing 

2Published September 4th, 2018, and written by Michael Hanley, World Economic Forum.
3IRD calculated as the difference between the national money market (MM) interest rates and the US money market 

interest rate. Out of 15 currency shock episodes, we have MM information for 13 of them.
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their funding needs. Such an increase in the volume of borrowing is a source of money 
creation through new bank lending.4 All else being equal, the increased money supply 
can induce inflation.

Figure 1. Currencies shocks. Note: The figures show the number of currency shocks per year, 
accumulated over the last 50 years (vertical axis), equal and above a certain % threshold shock 
value (horizontal axis). The shock is a measure of the depreciation of a national currency against the 
USD. The table and figures are derived from data retrieved from the IMF International Financial 
Statistics (IFS) database. The countries are grouped according to the IMF taxonomy, see Appendix B.

4As described in a recent bulletin from the Bank of England McLeay et al. (2014): “ banks create money whenever they 
lend to someone in the economy.”
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Higher export prices resulting from higher funding costs make high-IRD economies 
less competitive. Impaired competitiveness can reduce exports, hurting the exchange rate 
and inducing a currency depreciation. A depreciation can gradually restore export price 
competitiveness, but if a relatively unfavorable funding cost structure remains, the 
depreciation is just a temporary fix. In such a case, currency depreciation and a higher 
price level reduce purchasing power and real wages, potentially inducing wage drift. The 
model suggests multi-channel responses to a persistently wider IRD, including currency 
depreciation, economic specialization, a rising price level, and wage level erosion.

We do not claim that the model is capable of perfectly explaining the complex 
response of an economy to the interest rate level; however, it does demonstrate how 
the response can be transmitted through various channels – not only the exchange rate. 
The new model shows how uncovered interest rate parity (UIP) can be viewed as a special 
case valid under particular circumstances. The model is substantiated by comparing it 
with empirical data for nine countries.

The remainder of this paper is organized into two main parts. In the first part, we lay 
out the argument for the new model, review the relevant literature, and derive the model. 
In the second part, we interpret the new model and compare model predictions with 
empirical data.

2. The model

Higher interest rates can discourage new investment, encourage saving, and conse
quently dampen output and inflation. But higher interest rates also affect funding 
costs, a factor of production potentially reflected in the price level when the magnitude 
of the funding cost increase is sufficiently large.5 As the IRD is wider and longer lasting, 
the funding cost is likelier to be higher, and as a consequence, to be reflected in the price 
level through cost-push effects. Also, as both the magnitude and costs of funding 
increases, firms needing to fund their operation need to borrow more. All else equal, 
then increased bank lending is a source for money creation, which can induce inflation. 
So, even if a wider IRD can dampen inflation in the short run, it is likelier to induce 
inflation the longer it lasts. A relatively higher price level, as a result of a lasting wider 
IRD, is likelier to have a detrimental effect on the economy’s exports and its competi
tiveness. Declining exports can induce currency depreciation, which can gradually 
restore export price competitiveness. But if the relatively unfavorable funding cost 
structure remains, the depreciation is only a temporary fix. Also, a depreciation and 
a higher price level erode local purchasing power and real wages, putting pressure on 
wages, a factor of production. A higher interest rate level will therefore affect the 
economy differently, depending on the duration of the condition, and the longer the 
IRD lasts, the likelier such cost-push effects are to materialize.

The model is a simple two-country model wherein both countries have their own 
respective currency, and the interest rate levels are governed by independent monetary 
authorities. The respective interest rate levels are assumed to be exogenous in the sense 

5An argument for the absence of cost-push effects is when menu costs are higher than the increase in cost factors, such as 
funding costs. Also, Eric Anderson et al. (2015) have argued that the menu cost channel operates only when cost 
increases are small in magnitude.
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that they are determined by monetary policy committees. The local country is assumed to 
be a small open economy, small enough compared to the foreign country that its policies 
do not alter world prices, interest rates, or incomes. Thus the local country is a price 
taker. There are two firms producing the same product: local and foreign. The local firm’s 
funding costs are considered to be higher. The production function has a cash-in- 
advance (CIA) constraint; i.e., production must be funded before the product is sold. 
The firms are assumed to maximize profits, assuming perfect competition. Prices and 
factors of production are assumed to be constrained by international price gaps – we 
assume that labor markets and prices are interlinked long term. Because the model 
assumes economic principles that have been shown empirically to hold better long 
term than short term, the model should be considered an indication of the long-term 
effects of a lasting wider interest rate differential (IRD), not the short-term effects.

2.1. Firms

We assume two firms, one in each country, that produce the same product: local and 
foreign. We assume the Cobb–Douglas total production function6 with constant returns 
to scale (CRS) identical for both countries, and to satisfy the assumptions of concavity 
and differentiability: 

Y ¼ z � FðNÞ ¼ z � Kα � N1� α (1) 

where Y is total production, N is the number of person-hours, K is the capital input, z is 
total factor productivity, and α is the output elasticities of capital (assumed to be 
a constant and determined by available technology).

We assume that production takes place one period before sales, which requires that 
firms borrow some proportion (γ) of their variable production costs before they collect 
revenues from selling output. This is the model’s cash-in-advance constraint. The cost 
function, C, is therefore defined as 

CðNÞ ¼ i � K þ ð1þ γ � iÞ � N � w (2) 

where i is the interest rate level, w is wage costs, and γ is the funding need. K and N are 
the production function’s capital and labor, respectively. The cost function is now 
affected by the interest rate level, since capital input and funding of variable costs are 
affected by it. The need to fund production (working capital and investments) may vary 
across sectors, economies, and between time periods. An important part of the econo
my’s money creation is through banks or as is described in a recent bulletin from the 
Bank of England McLeay, Radia, and Thoms (2014): “banks create money whenever they 
lend to someone in the economy.” A lasting higher interest rate level can eat into the 
bottom line, and increase funding needs for working capital and investments, and hence 
can be a source for money creation.

6A total production function is also referred to as a single-input production function.
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2.2. The goods market

Empirical evidence supports the argument that the law of one price (LOOP) and 
purchasing power parity (PPP) hold better long term.7 The PPP principle states that, in 
the absence of transaction costs and official trade barriers, identical goods and services 
will have the same price in different markets when the prices are expressed in the same 
currency.

Market integration affects the validity of the law of one price (LOOP) and purchasing 
power parity (PPP). The study of international and regional markets, and of open- versus 
closed-economy models and policy, rests, for example, on the existence of one market or 
many. But economists disagree on the level of price convergence, which is the price gap 
between two markets measured in a common currency – i.e., if and then how prices will 
converge; see Taylor (2001).

For the long term, we assume that the goods markets’ prices are constrained by 
international prices. There may exist international price differences for individual 
goods or baskets of goods. It is well known that fixed and variable trading costs, or risk 
aversion, can under certain scenarios lead to a “band of inaction” in which no arbitrage 
occurs despite a non-zero price gap. Only when prices move apart sufficiently will 
arbitrage occur and reversion begin; see, e.g., Taylor (2001).

We define the law of one price gap as8 

ψp ¼
P�

S � P
(3) 

where S is the nominal exchange rate.9 P is the local price measured in the local currency, 
and P� the price of the same good measured in the foreign currency. The LOOP gap, ψp is 
a wedge between the foreign price of goods and the domestic price of these imported 
foreign goods, an inverse mark-up between the global price of global goods and the 
domestic price of these imported global goods; see Liu (2006). We assume that the LOOP 
gap holds for all goods.

The law of one price (LOOP) therefore becomes a special case and is valid under the 
special conditions when ψp ¼ 1; i.e., 

S � P ¼ P� (4) 

2.3. The labor market

The second economic principle underpinning the model is the factor price equalization 
theory by Samuelson (1948), which assumes that cross-country production factor prices 
will converge over the long term. The theory states that prices for identical factors of 

7See, e.g., Abuaf and Jorion (1990), who noted substantial short-term deviations but concluded that PPP holds long-term. 
Edison (1987) supported a qualified interpretation of PPP, stating that the proportionality between exchange rates and 
the relative price level emerged long-term, after taking into account the effects of changes in structural factors. Kim 
(1990) concluded that PPP holds in general. Lothian and Taylor (1996) and Lothian and Wu (2011) analyzed data 
spanning two centuries for dollar-sterling and franc-sterling real exchange rates and found strong evidence of mean- 
reverting real exchange rate behavior.

8This form of the law of one price (LOOP) gap is used, for example, in Liu (2006).
9The exchange rate is defined as the number of foreign currency units per one unit of local currency; i.e., an increase in S 

implies an appreciation of the local currency.
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production, such as wages, will equalize across countries as a result of free and frictionless 
international trade. This assumption is supported, for instance, by Mundell (1957), who 
argued that trade in goods is, at least to some extent, a substitute for factor movements. 
Free trade implies commodity-price equalization: even when factors are immobile, there 
is a tendency towards factor price equalization. Stiglitz (1970) concluded further that free 
international trade completely equalized factor prices and that this proposition was 
proved under seemingly general conditions, albeit in the context of a static model. 
However, the world is not a single labor market, and despite free labor mobility across 
many markets, there exists inertia in wage convergence. With reference to the factor price 
equalization theory and the above-argued LOOP gap, we similarly assume a wage gap, 
ψw, defined as 

ψw ¼
w�

S � w
(5) 

where w and w� are local and foreign wages, respectively. The factor price equalization 
theory by Samuelson (1948), for wages, therefore becomes a special case when ψw ¼ 1, or 

S � w ¼ w� (6) 

In our model, we require neither ψw nor ψp to equal one. We define a country’s capital– 
labor ratio as k ¼ K

N where K and N are the production function’s capital and labor, 
respectively. The two countries have interlinked labor markets; therefore, the capital– 
labor ratio can change. Such a change would be induced if, for instance, one country has 
sufficiently lower wages. Employees can always emigrate to where wages are higher. 
Replacing experienced employees can be expensive, owing to the cost of finding and 
training new employees. It may therefore be economically rational to raise wages when 
there is a genuine threat of emigration. Comparing the two alternatives, raising wages or 
contending with emigration, should bring balance to labor flow between the two coun
tries and make the capital–labor ratio, k, sticky.

2.4. The capital market

The two countries have their own respective currencies wherein the interest rate level is 
governed by an independent monetary authority. The respective interest rates levels are 
assumed to be exogenous in the sense that they are determined by the monetary policy 
committees. We assume a sustained higher local interest rate level. Higher interest rates could 
be a result of a risk premium inflicted upon the economy; e.g., by the central bank’s interest 
rate policy. Therefore, we assume that the interest rate level is exogenous. The local interest 
rate level is set as θ percentage points above foreign interest rates. The local and foreign 
interest rate levels, respectively, are i and i�, and their relationship is therefore as follows: 

i ¼ i� þ θ (7) 

The local economy is a price taker and has no influence on the foreign economy, which is 
not affected by the local economy. What sets the economies apart is the constant and 
lasting IRD. Furthermore, it is assumed that the smaller currency area is considered 
riskier, but because of the higher interest rate level, cross-border capital flows are in 
equilibrium.
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2.5. Profit maximization

Perfect competition in all sectors in both countries is assumed, where no firm can control 
prices. Prices are set one time period after production, and the profit function10 is defined as 

πðNÞ ¼ Ptþ1 � YtðNÞ � CtðNÞ (8) 

or 

πðNÞ ¼ Ptþ1 � z � Kα � N1� α � i � K � ð1þ γ � iÞ � N � wt (9) 

Profit is at a maximum when dπ
dN ¼ 0 and if d2π

dN2 < 0. We can assume 0< α< 1 and 
K;N; Ptþ1 > 0. Solving for dπ

dN ¼ 0 yields 

Ptþ1 � z � ð1 � αÞ � kα ¼ ð1þ γ � iÞ � wt (10) 

where k ¼ K
N is the capital–labor ratio. Solving for d2π

dN2 yields 

d2π
dN2 ¼ � z � Ptþ1 � α � ð1 � αÞ � z � Kα � N � α� 1 (11) 

This is a maximum since d2π
dN2 < 0 holds true when 0< α< 1 and K;N; z; Ptþ1 > 0.

Equation 10 can also be written as 

Ptþ1 ¼ ð1þ γ � iÞ � wt �
a
kα (12) 

where a is set as 

a ¼
1

zð1 � αÞ
(13) 

Similarly, we derive the relationship for the foreign country as 

P�tþ1 ¼ ð1þ γ � i�Þ � w�t �
a
ðk�Þα

(14) 

Assuming interlinked labor markets and the law of one price gap, we use Equations (5) 
and (3) respectively, to rewrite Equation (12) as 

P�tþ1

ψp � Stþ1
¼ ð1þ γ � iÞ �

w�t
ψw � St

�
a
kα (15) 

Inserting Equation (14) into Equation (15) gives the difference equation 

ð1þ γ � i�Þ � w�t � a
ðk�Þα

ψp � Stþ1
¼ ð1þ γ � iÞ �

w�t
ψw � St

�
a
kα (16) 

By simplifying Equation (16), we have now derived our new exchange rate forecasting 
model: 

10This is a one-variable profit function based in part on the production function. If we assume that production is 
a function of two variables, N and K , the profit function would be πðN; KÞ. Such profit maximization is put forward in 
Appendix A. As is demonstrated in the appendix, we show that the two-variable approach adds little to the story and 
comes at the expense of less clarity. We therefore prefer the simpler approach, since the main narrative is the same in 
both instances.
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St

Stþ1
�

ψw
ψp

" #

�
k
k�

� �α

¼
1þ γ � i
1þ γ � i�

� �

(17) 

3. Interpretation

The new model illustrates several things. First, the economy’s various conditions determine 
the response to a lasting higher interest rate level. Specialization (k and α), the price gap (ψp), 
the wage gap (ψw), and the funding needs (γ) of the economy all affect the response. The 
response therefore depends both on the economy in question and on the time period under 
observation. Therefore, all currencies will not necessarily respond to higher interest rates in 
the same way. This is consistent with Stiglitz (1970), who investigated economic responses to 
a long-term interest rate differential using a two-country model. He argued that equal interest 
rate levels implied no specialization of either country, but that different interest rate levels 
would induce economic specialization; i.e., a change in the capital–labor ratio of the produc
tion function. Not only is our new model consistent with Stiglitz’s findings, it is also more 
comprehensive and flexible. Contrary to the Stiglitz model, we allow for separate currencies 
and consider multi-channel responses to a lasting exogenous interest rate differential. The new 
model suggests that an economy can respond by specialization, as in the Stiglitz model, but 
also through other channels.

Second, if we assume a lasting higher interest rate level and some funding need (i.e., 
i > i� and γ> 0), the right-hand side of Equation (17) is > 1. In order for the model to be 
valid, the left-hand side must also be > 1. Therefore, the long-term response to lasting 
higher interest rates can be a currency depreciation (i.e., Stþ1 < St), increased specializa
tion (i.e., a higher k), lower local wages (i.e., higher ψw), a higher local price level (i.e., 
lower ψp), or a combination of some or all of the above. In other words, the new model 
shows that an economy can respond to an interest rate differential at many different 
levels and to varying degrees. For example, lower wages, instead of a currency deprecia
tion, could compensate for a higher interest rate level or some combination of the two.

Third, based on the new model, we can claim that, under the condition of a zero 
interest rate differential (i.e., i ¼ i�), the model indicates no response by the exchange 
rate, capital-labor specialization, price level, or wages. A zero interest rate differential is 
therefore neutral for the economy. By the same token, we can state that an interest rate 
differential is not neutral for the economy.

Below, we consider two special cases of the new model; i.e., variations of Equation (17). The 
former special case is referred to as the “simple” case and the latter as the “limited” case.

3.1. The simple case

For the simple case, we assume a Leontief production function11 with a constant capital– 
labor ratio, k, translating into no substitutability between factors and no possibility of 
specialization. Further, we assume that the law of one price (LOOP) and purchasing 

11Instead of the model’s Cobb-Douglas production function.
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power parity (PPP) are valid or the gaps to be equal; i.e., ψp ¼ 1 ¼ ψw or ψp ¼ ψw. The 
model’s simple case is therefore reduced to the following equation: 

St

Stþ1
¼

1þ γ � i
1þ γ � i�

� �

(18) 

For the simple case, the only option in response to lasting higher interest rates is a currency 
depreciation. However, the depreciation is not a one-to-one relationship between the IRD 
and the exchange rate change, unless the cash-in-advance funding need equals one time 
period; i.e., γ ¼ 1. By inserting Equation (7) into Equation (18) and rearranging, we obtain 

St

Stþ1
¼ 1þ

γ � θ
1þ γ � i�

(19) 

Solving iteratively, we find that the exchange rate at time T is 

ST

S0
¼ 1þ γ�θ

1þγ�i�

h i� T
(20) 

Equation (19) can be approximated as 

St

Stþ1
� 1þ γ � θ (21) 

Interestingly, the simple case is similar to the UIP relationship if γ ¼ 1. The UIP 
relationship can be put forward as, 

St

EðStþ1Þ
¼

1þ it

1þ i�t
(22) 

where it and i�t are the interest rate levels for the respective currency areas (local and 
foreign). We define St as the nominal exchange spot rate12 at time t, and EðStþ1Þ the 
expected spot exchange rate at time t þ 1.

The only difference between the two is that the simple case predicts the value for Stþ1, 
whereas UIP uses the expected value EðStþ1Þ. This similarity is particularly interesting 
because the uncovered interest rate parity (UIP) theory and the new model are derived 
independently and based on different assumptions. UIP assumes market efficiency and 
interest rate parity, whereas the new model is based on lasting higher funding costs and on 
optimizing the production function. The γ value reflects the economy’s average funding 
time, see Equation (2). Different γ values therefore reflect varying funding dependency.

When γ ¼ 1 time period, the simple case mirrors UIP, i.e., becomes a special case of 
the new model. Empirical research testing the validity of UIP has indicated that the 
relationship between IRD and the exchange rate change is between 0 and 1.25; see, e.g., 
Lothian (2016). Through the lens of the simple case, this would suggest that average 
funding time varies from zero to 1.25 time periods (i.e., 0 � γ � 1:25).

Equation (19) demonstrates that, over the long term, the exchange rate will fall as long as there 
is any interest rate differential and funding need. Because the simple case assumes the law of one 
price, SP ¼ P�, any change in S will be offset by an equal but inverse change in P; i.e., 

12The exchange spot rate is defined as the foreign currency price of one unit of local currency. Therefore, the local 
currency appreciates when S increases.
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St

Stþ1
¼

Ptþ1

Pt
(23) 

By combining Equations (23) and (19), we obtain 

Ptþ1

Pt
¼ 1þ

γ � θ
1þ γ � i�

(24) 

or inflation (π) 

π ¼
ΔP
P
¼

γ � θ
1þ γ � i�

(25) 

Equation (25) implies that the interest rate differential and inflation are positively 
correlated over the long term for the simple case.

The simple case also provides insight into carry trade as an investment strategy. If the 
UIP relationship always held true, carry trade would not be profitable. But carry trade can 
be profitable and as an investment strategy is both common and popular, as is demon
strated by Doskov and Swinkels (2015). Carry trade profit (CTP) is a function of the 
interest rate differential (IRD) and exchange rate developments over the same period. 
Carry trade profit over one time period can be calculated as 

CTP ¼ ð1þ θÞ �
Stþ1

St
� 1 (26) 

where θ is the interest rate differential and S is the exchange rate.
If we use the simple case to predict exchange rate developments – i.e., Equation (21) – 

and insert it into Equation (26), we can calculate the carry trade profit as 

CTP �
1þ θ

1þ γ � θ
� 1 (27) 

The simple case therefore suggests that carry trade is a profitable investment strategy as 
long as θ > 0 and γ< 1.

3.2. The limited case

We now derive the second special case – the limited case – by assuming the initial Cobb– 
Douglas production function, and by assuming that either, LOOP and PPP to be valid, or 
the gaps to be equal.13

The limited case is then equal to, 

Ptþ1

Pt
�

k
k�

� �α

� 1 ¼
γ � θ

1þ γ � i�
(28) 

Equation (28) suggests that a small open economy will respond to a lasting IRD (θ) with 
chronic inflation, or economic specialization, or a combination of the two. The limited case 
further suggests that long-term inflation and specialization can be hindered by a zero interest 
rate differential; i.e., θ ¼ 0 when γ�0. Samuelson (1965) argued that if there is no 

13That is, either ψp ¼ 1 ¼ ψw or ψp ¼ ψw .
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specialization between two countries, then interest rates should equalize. In a similar vein, 
Stiglitz (1970) demonstrated that unless two identical countries have identical long-run 
interest rates (θ ¼ 0), at least one of the two countries must specialize. But neither 
Samuelson nor Stiglitz assumed different currencies for the two countries, but a single 
currency for both of the countries.

Assuming a single currency for both countries translates into assuming one price (P ¼ P�). 
The new model does not assume one price; it assumes the law of one price gap. This difference 
allows the currency to respond to lasting higher funding costs by depreciating, in addition to 
specialization. But a depreciation affects the price level, causing lower real wages, and unless 
the wage gap changes, it will be corrected by higher nominal wages. Therefore, a cycle of 
depreciation, inflation, and wage drift can be initiated. The new model adds to the work done 
by Stiglitz and Samuelson and demonstrates how an exchange rate adjustment, is as likely as 
a specialization, as a response to a lasting interest rate differential.

Lastly, we compare the model’s predictions with empirical data. The model’s forecasts are 
based on the interest rate differential time series inputs, see Figure 2. All of the cases studied 
substantiate the model’s long-term prediction capability. Based on the model, the current and past 
currency depreciations (Argentina, South Africa, Indonesia, Chile, India, Turkey, and Iceland), 
were predictable, just as the stable and appreciating currencies of Korea and Switzerland, 
respectively. The model is focused on long-term currency development and omits how an interest 
rate raise can potentially boost the currency temporally. A forecasting model that combines both 
short- and this model's long-term effects was developed by Egilsson (2019).

4. Conclusion

The intuition behind the new model is that higher funding costs affect the relative 
competitiveness of production. In the long run, a less favorable funding environment 
is reflected in the price level and affects exports if exporters can only offset higher funding 
costs by raising export prices. But higher export prices cut into demand, which adversely 
affects the current account and causes the exchange rate to fall. Currency depreciation 
and a higher price level then affect purchasing power and real wages. Unless nominal 
wages are raised to compensate, workers have the option of emigrating, therefore putting 
pressure on wages and production costs. Therefore, wages and other factors of produc
tion linked to the law of one price gap cause the producer to set even higher prices in the 
following period. A chronic spiral of wage drift and falling exchange rate is created.

If higher funding costs are not to be reflected in the price level, they must be offset by other 
production cost factors, such as wages. But because labor markets are interlinked, lower real wages 
are sticky. If labor emigrates in response to a lower wage level, the labor supply will shrink, 
exacerbating upward wage pressures. But instead of lowering wages, firms could theoretically 
reduce overall payroll costs by increasing capital input at the expense of labor; that is, by increasing 
specialization. Therefore, the capital–labor ratio k will have to increase. Such a change translates 
into increased investment in capital goods by the IRD country, which is profitable as long as the 
derived labor cost savings exceed the investment cost, and more so as the IRD widens. A likelier 
general response might be an adjustment through the exchange rate.

The new model demonstrates how an economy can respond in the long run to 
a lasting IRD through multiple channels, including increased specialization, currency 
depreciation, price level increase, wage level erosion, wage drift, inflation, or some 
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combination of these. Instead of a currency depreciation, lower wages or increased 
specialization could compensate for higher funding costs. It is not a given that all 
economies will respond to a higher interest rate level in the same way; instead, the 
response depends on various factors, i.e., the conditions of the economy in question. The 
model is consistent with the Stiglitz (1970) model, but we extend it on several fronts; e.g., 
by accounting for different currencies, which enables us to predict exchange rate 
responses in addition to a host of other response channels, such as specialization.

Figure 2. Currency development versus the model’s long-term predictions. Note: The figures show 
how IRD (the difference between the local interest rates and comparable rates in the USA) and real 
currency development (blue) versus the model’s prediction (red) based solely on IRD time series input. 
The IRD is either based on discount- or lending rates depending on IMF International Financial 
Statistics (IFS) database availability. The IRD values are on the left axis. Logarithmic values of a 
normalized indexes are calculated for both the real and predicted currency development. The 
gamma values used by the model are: Argentina (1.0), South Africa (1.0), Indonesia (0.3), Chile (0.4), 
India (0.7), Turkey (0.6), Iceland (0.8), Korea (1.0), Switzerland (1.0).
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Uncovered interest rate parity (UIP) is shown to be a special simple case when γ ¼ 1, see 
Equation (18). The well-documented phenomena referred to hitherto as the UIP “puzzle” is 
analogue to γ deviating from one in the simple case. Empirical research testing the validity of 
UIP has indicated that the relationship between IRD and the exchange rate change is between 
0 and 1.25; see, e.g., Lothian (2016). Through the lens of the simple case, this would suggest 
that average funding need varies from zero to 1.25 (i.e., 0 � γ � 1:25). Might it be possible 
that the UIP “puzzle” reflects varying funding dependency? Why and how γ differs between 
economies, and potentially changes over time, is of interest and should be researched further, 
in addition to appropriate criteria for reference periods for γ calibration.

The simple case can further explain when carry trade is a profitable investment 
strategy, i.e., as long as θ > 0 and γ< 1, see Equation (27). The model demonstrates that 
a lasting IRD is not neutral for the economy but can cause multiple economic responses. 
Therefore, the overall response is likely to be economy-specific.

Finally, the model was tested against empirical data for nine currency areas that 
substantiate the model’s long-term prediction capability. According to the model, the 
current and past currency depreciations (Argentina, South Africa, Indonesia, Chile, 
India, Turkey, and Iceland) were largely predictable, as were the stable and appreciating 
currencies of Korea and Switzerland, respectively.
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Appendix A Production function of two variables

If we assume that the production function to have two variables N and K, so does the profit 
function, πðN;KÞ

πðN;KÞ ¼ z � Kα � N1� α � Ptþ1 � i � K � wtð1þ γ � iÞ � N (A:1) 

We find the point of maximum profit by solving the partial derivatives for the two-variable 
profit function and perform a second derivative test. We start by solving the partial derivatives for 
the two variables 

@π
@N
¼ z � ð1 � αÞ � Kα � N � α � Ptþ1 � wtð1þ γ � iÞ ¼ 0 (A:2) 

@π
@K
¼ z � α � Kα� 1 � N1� α � Ptþ1 � i ¼ 0 (A:3) 

By taking the sum of Equations (A.2) and (A.3) and simplifying, we obtain 

Ptþ1 ¼
wtð1þ γ � iÞ þ i
z � kð1 � αþ α

kÞ
(A:4) 

where k ¼ K
N .

Now we perform the second derivative test and make use of the Hessian matrix 

HðN;KÞ ¼
@2π
@N2

@2π
@N@K

@2π
@K@N

@2π
@K2

" #

(A:5) 

We define the determinant to be 

DðN;KÞ ¼ detðHðN;KÞÞ ¼
@2π
@N2 �

@2π
@K2 � ð

@2π
@N@K

Þ
2 (A:6) 

where 

@2π
@N2 ¼ � z � α � ð1 � αÞ � Kα � N � α� 1 � Ptþ1 (A:7) 
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@2π
@K2 ¼ � z � α � ð1 � αÞ � Kα� 2 � N1� α � Ptþ1 (A:8) 

@2π
@N@K

¼
@2π
@K@N

¼ z � α � ð1 � αÞ � Kα� 1 � N� α � Ptþ1 (A:9) 

Solving Equation (A.6) by using Equations (A.7), (A.8), and (A.9) yields zero, which makes the 
critical point inconclusive. But because DðN;KÞ ¼ 0 and both @2π

@N2 and @2π
@K2 are negative (if 

0< α< 1 and K;N; z;Ptþ1 > 0), we can rule out the possibility that it is a local minimum.
Finding the critical point of profit function for the foreign country firm, we obtain a result 

similar to the one we obtained in (A.4) 

P�tþ1 ¼
w�t ð1þ γ � i�Þ þ i�

z � ðk�Þαð1 � αþ α
k�Þ

(A:10) 

Assuming interlinked labor markets and the law of one price gap, we can use Equations (5) and 
(3) respectively, to rewrite Equation (A.4) as 

P�tþ1

ψp � Stþ1
¼

w�t
ψw�St
ð1þ γ � iÞ þ i

z � kαð1 � αþ α
kÞ

(A:11) 

Inserting Equation (A.10) into Equation (A.11) gives the difference equation 

w�t ð1þ γ � i�Þ þ i�

z � ðk�Þαð1 � αþ α
k�Þψp � Stþ1

¼

w�t
ψw�St
ð1þ γ � iÞ þ i

z � kαð1 � αþ α
kÞ

(A:12) 

If we assume that w� i and w� � i�, then 

w�t ð1þ γ � i�Þ þ i� � w�t ð1þ γ � i�Þ (A:13) 

and 

w�t
ψw � St

ð1þ γ � iÞ þ i �
w�t

ψw � St
ð1þ γ � iÞ (A:14) 

Based on this approximation, we can solve Equation (A.12) 

St

Stþ1
�

ψw
ψp

" #

�
k
k�

� �α

�
1þ γ � i
1þ γ � i�

� �

�
1þ αþ α

k�

1þ αþ α
k

� �

(A:15) 

What the two-parameter solution demonstrates, in addition to the single-parameter solution, is 
that capital (K) and return on capital are also factors negatively affected by a lasting wider (IRD). 
However, comparing the two solutions, the one- and two-variable profit functions show that the 
latter solution does not add much more insight than the former in terms of understanding the 
long-term effects of a lasting wider IRD. The benefit of the single-parameter solution is therefore 
that it has the potential of enhancing understanding of the potential effects of a lasting wider IRD 
in a simpler way than the two-parameter solution does.
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Appendix B Country classification

Figure B1. IMF country classification. Note: The countries are grouped according to the IMF 
International Financial Statistics (IFS) database.
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