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Abstract

In a recent paper, Engel (AER 2016) considers the predictability of foreign currency

expected excess returns by the interest di¤erential at various horizons. He argues

that the evidence cannot be explained by delayed portfolio adjustment as shown

in Bacchetta and van Wincoop (AER 2010). In this note, we present a simpler

model illustrating that gradual portfolio adjustment is fully consistent with the

evidence.



1 A Summary of the Issues

Consider the regression

ert+k = �k + �k(it � i�t ) + �t+k (1)

where ert+k = st+k�st+k�1+i�t+k�1�it+k�1 is log excess return from t+k�1 to t+k
on foreign bonds, it and i�t are domestic and foreign currency one-period interest

rates, and st is the log nominal exchange rate (domestic currency per unit of foreign

currency). Most of the literature, starting with Fama (1984), considers the case

k = 1 and shows that �k is signi�cantly negative. This implies that currencies

with a relatively high current interest rate tend to have a positive excess return

over the next period (month or quarter).

Bacchetta and van Wincoop (2010) (henceforth BvW) consider the impact of

the current interest di¤erential on future excess returns beyond the next quarter by

running the regression (1) for values of k larger than 1. For 5 di¤erent currencies

the regression coe¢ cients �k, as a function of k, are reported in Figure 1 of BvW,

reproduced in the Online Appendix. �k starts out negative for low values of k,

then gradually rises and changes sign (becomes positive) when k is in the range

of 8 to 12. Excess returns at least 8-12 quarters from now therefore tend to be

negative for currencies that currently have a relatively high interest rate.

In BvW we developed a model with gradual portfolio adjustment that could

explain these facts. We assumed that investors change their portfolio every T pe-

riods in an overlapping way, so that there are T �generations�of investors. The

model implies that �1 < 0 and that �k rises as we raise k beyond 1, eventually

becoming positive (changing sign), exactly as in the data. The Online Appendix

reproduces the �gures of two scenarios presented in BvW.1 The model also pro-

duces �delayed overshooting�of the exchange rate after a monetary policy shock,

consistent with empirical evidence in Eichenbaum and Evans (1995).

Engel (2016) con�rms the change of sign in �k.
2,3 He shows that this also applies

1After the coe¢ cients �k change sign, they follow a zigzag pattern in the benchmark model

of BvW, which is due to the T period overlapping generations framework. This zigzag pattern

does not arise in the alternative scenario where expectations are only conditioned on the current

interest di¤erential.
2Engel�s results are of the opposite sign as he regresses excess returns on i�t � it instead of

it � i�t .
3It is not clear why Engel does not mention that the sign reversal in �k was already described
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to real excess returns. However, Engel claims that models generating delayed

overshooting cannot explain this evidence. Focusing more speci�cally on our model

(p. 464-465), he claims that it cannot explain the change in sign of the covariance

between the expected excess return and the interest di¤erential.4

Instead of using our model, which is indeed complex, Engel postulates that

the impact of gradual portfolio adjustment can be summarized by the following

equation for the exchange rate:

st � sIPt = �(st�1 � sIPt�1) + �"t (2)

where sIPt is the exchange rate under uncovered interest rate parity (UIP), � is

between 0 and 1, "t is an innovation in an AR(1) process for i�t � it and � < 0.

It may at �rst glance indeed seem sensible to conjecture that gradual portfolio

adjustment leads to a deviation from the UIP exchange rate that gradually closes

over time as portfolios gradually adjust to the expected return di¤erential. Based

on this conjectured behavior, Engel rightly concludes that there cannot be any

change in sign of �k. But we will argue that (2) is not an accurate representation

of the exchange rate under gradual portfolio adjustment.

The logic behind the reversal in the sign of �k in BvW is as follows. When the

US interest rate is increased, it causes a portfolio �ow to dollar bonds, leading to a

dollar appreciation. The �generation�of investors that changes their portfolio at

the time of the shock increases their allocation to dollar bonds. Subsequent to that

there is a continued shift to dollar bonds as more generations adjust their portfolios.

This leads to continued appreciation of the dollar and therefore a positive excess

return on dollar bonds, implying a negative �k.

The shift towards dollar bonds will eventually come to an end and will be

reversed. This is because the interest di¤erential follows an AR(1) process and

will therefore become smaller over time. The �rst generation that shifts to dollar

bonds at the time of the shock will reduce its position T periods later. The

anticipation of the resulting dollar depreciation will already cause a shift away

in BvW. We �nd it unfortunate that the recent literature fully attributes this sign reversal to

Engel�s paper. E.g., see Dahlquist and Penasse (2017), Itskhoki and Mukhin (2017), and Valchev

(2017).
4This claim is surprising given the results shown in our paper and since our paper was precisely

written to explain the relationship between expected excess returns and interest di¤erentials at

di¤erent horizons.
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from dollar bonds prior to that. The eventual dollar depreciation as a result of the

sello¤ of dollar bonds tends to dominate the (by then reduced) interest di¤erential,

causing a negative excess return on dollars. This explains the reversal in the sign

of �k.

BvW assumed a particular form of gradual portfolio adjustment where agents

change their portfolio every T periods. Engel (2016) is correct that this leads to

complex dynamics that requires a numerical solution. But the result of a reversal

in the sign of �k is not speci�c to the BvW model of gradual portfolio adjustment.

To illustrate this, we will discuss a simple model with portfolio adjustment costs

instead of overlapping portfolio decisions in BvW.5 This approach allows us to

derive explicit dynamic expressions. In particular, it shows that the exchange rate

is described by a second-order dynamic system in the exchange rate, as opposed

to an AR(1) process as in (2), which leads to a change in the sign of �k.

2 A Simple Model with Portfolio Adjustment

Costs

Other than modeling the gradual portfolio adjustment through adjustment costs,

the structure of the model is similar to BvW and Bacchetta and van Wincoop

(2007), which provide further details. Investors allocate their wealth between Home

and Foreign currency bonds, but their portfolio adjustment is gradual as a result

of a cost of adjusting the portfolio. Assume that there are overlapping generations

of agents that live two periods and are born with a wealth of 1. Agents born at

time t maximize

Et
C1�t+1

1� 
� 0:5 (zt � zt�1)

2 (3)

where the second term is an adjustment cost. It captures a utility cost of choosing

a di¤erent portfolio share zt invested in Foreign bonds than that of the �parents�

5The literature on gradual portfolio adjustment often assumes overlapping portfolio decisions

as in BvW or Du¢ e (2010). An alternative is to assume that investors are faced with a �xed

probability of changing the portfolio, as in Bacchetta and van Wincoop (2017), but this also leads

to a complex dynamic system. The adjustment cost approach, used in Vayanos and Woolley

(2012), implies simpler dynamics.
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one period ago. Consumption is equal to the portfolio return:

Ct+1 = Rpt+1 = zt
St+1
St

R�t + (1� zt)Rt (4)

Rt = eit is the gross interest rate on domestic bonds and R�t = ei
�
t is the gross

interest rate on foreign bonds. St is the level of the nominal exchange rate.

Linearizing the �rst order condition with respect to zt and assuming log nor-

mality gives the optimal portfolio (see Online Appendix):

zt � �z =
 

 + �2
(zt�1 � �z) +

�2

 + �2
(z�t � �z) (5)

where �2 = var(ert+1), �z = 0:5=, and

z�t = �z +
Etert+1
�2

(6)

is the frictionless optimal portfolio in the absence of adjustment costs. The portfo-

lio share zt is a weighted average of the previous portfolio share and the frictionless

optimal portfolio share. The portfolio share therefore gradually adjusts to the fric-

tionless optimal portfolio share. However, in equilibrium z�t will not be a �xed

target. It will change signi�cantly over time and reverse sign.

Assume that the supply of Foreign bonds is b� in Foreign currency, which is b�St
in the Home currency. With a steady state exchange rate of �S, we can log linearize

this as b+ bst, where b = b� �S. From here on variables are in deviation from steady

state. Imposing the market equilibrium zt = bst and using the expression for the

excess return, equation (5) can be written as

�st = Etst+1 � fdt +  bst�1 (7)

where � = 1 + �2b +  b and fdt = it � i�t . This is an AR(2) process for the

exchange rate, which is quite di¤erent from the AR(1) process (2) conjectured

in Engel (2016). The exchange rate has both a backward looking part, associated

with past portfolio choice, and a forward looking part, associated with the expected

excess return over the next period that determines z�t .

Now assume that the forward discount follows an AR(1) process:

fdt = �fdt�1 + "t (8)
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Combining with (7) we can solve for the exchange rate using the method of unde-

termined coe¢ cients (see Online Appendix). We �nd:

st = a0st�1 + a1fdt (9)

with

a0 =
� �

p
�2 � 4 b
2

(10)

a1 = �
1

� � a0 � �
(11)

It is easily veri�ed that a0 is between 0 and 1 and a1 < 0.

3 Excess Return Predictability

As shown in the Online Appendix, the excess return regression coe¢ cient �k for

k > 1 is

�k = �(1� a1�)�
k�1 + a1(a0 � 1)

�
�k�1 + a0�

k�2 + :::+ ak�20 �+
ak�10

1� a0�

�
(12)

For k = 1 it is

�1 = �(1� a1�) + a1(a0 � 1)
1

1� a0�
(13)

It is useful to consider a numerical example. As in BvW, assume that � = 0:8,

b = 0:5, and � = 0:057. We also set  = 1 and the adjustment cost parameter

 = 2. Panel A of Figure 1 shows the excess return predictability coe¢ cients �k
as a function of k. For values of k less than 8 quarters (two years), �k is negative.

When k � 8 the sign of �k turns positive, consistent with the evidence in BvW

and Engel (2016). The other panels in Figure 1 show the impulse response to an

increase in fd = i� i� by 0.01.

Why did Engel (2016) believe that this sign reversal would not happen in mod-

els with gradual portfolio adjustment? Engel (2016) assumes that the exchange

rate under gradual portfolio adjustment behaves as in (2). But panel B of Fig-

ure 1 shows that this is clearly not the case. Under the assumed AR(1) process

for the forward discount, the UIP exchange rate is sIPt = Et
P1

j=0(i
�
t+j � it+j) =

�fdt=(1 � �). Panel B shows the impulse response of both sIPt and the actual

exchange rate to a 0.01 forward discount shock. At the time of the shock the

actual exchange rate st appreciates only slightly less than the UIP exchange rate.
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Subsequently the UIP exchange rate depreciates over time as the forward discount

gradually drops back to zero due to the AR(1) process. But the actual exchange

rate st continues to appreciate, bottoming out after 9 quarters, before it starts to

increase. The gap between st and sIPt during the �rst two years therefore continues

to grow, in sharp contrast to the conjecture (2) by Engel.

What accounts for the behavior of the exchange rate and the associated sign

reversal of �k? The exchange rate displays the delayed overshooting feature found

by Eichenbaum and Evans (1995) in the data. Intuitively, the higher relative

interest rate on Home bonds, in combination with the adjustment cost, implies

that agents gradually shift their portfolio to Home bonds. This implies a continued

appreciation of the Home currency. Panel C shows that the expected excess return

on Foreign bonds remains negative for 9 quarters. Correspondingly, the frictionless

portfolio share z�t allocated to Foreign bonds remains very negative during this

time, as shown in panel D.6 The continued shift towards the frictionless portfolio

(away from Foreign bonds) is consistent with the continued appreciation of the

Home currency.

After two years this process is reversed. The exchange rate must eventually

reverse as the interest rate shock is a temporary shock and the relative Home

interest rate i� i� declines over time. The depreciation of the Home currency that
sets in after about two years more than o¤sets the still slightly positive forward

discount fd = i� i�, leading to positive expected excess returns on Foreign bonds,
as shown in panel C. This implies that the low interest rate Foreign currency tends

to experience positive excess returns after about two years, leading to the sign

reversal of �k.

One may ask why st would not appreciate much less than sIPt at the time of the

shock and then gradually get closer to sIPt over time as Engel (2016) conjectures.

It is certainly possible to make the initial response of st much smaller than that

of sIPt by choosing larger values of  . But eventually they will grow apart as

sIPt goes towards zero and st continues to appreciate, for an even longer period

of time than in Figure 1 for a larger  . There is no reason why st should be

6The extreme size of z�t is due to the low relative risk-aversion  = 1. But even if we raise

 to 10, it would be very large. Without adjustment costs it must be that the expected excess

return is very close to zero as zt would be large, which would be inconsistent with equilibrium.

Introducing adjustment costs allows for the possibility of signi�cant expected excess returns in

combination with reasonable portfolios.
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tied to sIPt in any way. The gradual portfolio shift towards Home bonds leads to

a gradual appreciation of the Home currency, which implies continued negative

expected excess returns on the Foreign currency and therefore a continued gradual

shift away from Foreign bonds.

Figure 2 shows results for a higher and lower value of  , respectively  = 2:5

and  = 1. The reversal of the sign of �k continues to hold in both cases. The

reversal happens for lower values of k when  is smaller. When  is large the

reversal happens for larger k and is longer lasting. As shown in panel B, a larger  

implies that st bottoms out further into the future. The response of the expected

excess return in panel C closely mirrors the regression coe¢ cients �k in panel A.

While not shown, if we set  = 0 the exchange rate is in�nitesimally close to sIPt
and �k is essentially zero for all k.

Finally, a key point in Engel (2016) is that high interest rate currencies tend

to be stronger than what they would be under UIP. This is also a feature that is

perfectly consistent with a model with gradual portfolio adjustment. Speci�cally,

Engel (2016) shows that a regression of sIPt �st on i�t � it has a negative coe¢ cient
in the data. This means that at times where the Home interest rate it is relatively

high, st will be less than sIPt , so that the Home currency is stronger than would be

the case under UIP. A quick look at panel B of Figure 1 shows that this is indeed

the case in the model. While i�t � it is negative throughout, sIPt �st is very positive
(with the exception of the period of the shock, where it is slightly negative). A

regression of sIPt � st on i�t � it for  = 2 delivers a coe¢ cient of -12.9, similar to

what Engel (2016) �nds in the data (Table 5). Panel B of Figure 2 shows that

analogous results apply for lower and higher values of  .

4 Conclusion

We have shown that the reversal in the sign of excess return predictability coe¢ -

cients �k for currencies, reported in the data by both BvW and Engel (2016), is

exactly what one can expect to happen in a model with gradual portfolio adjust-

ment. Engel (2016) mischaracterizes the dynamic response of the exchange rate to

interest rate shocks in a model with gradual portfolio adjustment.
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