Topic 6: Financial Integration and Interest Rate Parity

Part 1a: Backround on interest rate parity conditions



In this lecture we study some puzzles in international financial markets, regarding the relationship between interest rates and exchange rates. 
Consider a simple intertemporal model:


Assets: 




Mt 
home money




Bt 
home nominal interest bearing assets, at rate i




Bt* 
foreign nominal interest bearing asset, at rate i*




Ft
forward contract: purchase one unit of foreign currency next period in exchange for ft units of home currency (ft known in period t)



et
(spot) exchange rate (home currency per foreign)


Household problem
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FOCS:




(lambda for lagrange multiplier on budget constraint.)




(1) Home bonds:
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(2) Foreign bonds:
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(3) Forward exchange:
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Or
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Consumption (lambda):
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Now combine various equations to draw conclusions…
Covered interest rate parity (CIP): combine (1), (2) and (3):
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Logic: suppose did not hold: 
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, then:

1) borrow 1 euro in Frankfurt at rate 
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2) convert 1 euro in spot exchange rate to 
[image: image11.wmf]t

e

 dollars

3) receive gross return 
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 dollars at end of year

4) convert back to 
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 euros, and repay loan of 1+i* euros with guaranteed profite left over. 
This is an arbitrage opportunity. Demand for forward con-tracts would rise, and ft would rise, restoring condition.

Empirical evidence supports this condition; seems it is how banks set their forward rates.

Sometimes see this written as an approximation in logs:





[image: image14.wmf](

)

(

)

*

**

1

1

lnlnln1ln1

tt

tt

tttttt

ei

fi

efiiii

æö

+

=

ç÷

+

èø

-=+-+»-


Terminology: Forward premium: lnft -ln et
Uncovered interest rate parity (UIP): use (2) and (1):
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Can be rewritten: 
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· Note that this is not a riskless arbitrage opportunity; risk premium is a wedge between returns. 

· Interpret a positive risk premium: foreign currency has high value (e high) in bad states (U’ high); foreign currency assets good hedge and can offer lower  i*.

Market efficiency condition: rewrite (3):
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Can be rewritten as for UIP above
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Question: is the forward rate a good predictor of the expected future spot exchange rate? 
b. Empirical literature

Early Tests of Interest parity and market efficiency


Framework: 


The earliest tests of forward efficiency regressed the future spot rate on the forward rate in logs:
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Tested if a0=0 and a1=1. Null hypothesis is that the forward rate provides an unbiased forecast of the future spot exchange rate.


Note the equation tested here replaces the expected value of et+1 in the original condition with the actual future value, due to lack of data on expectations.


Another problem is nonstationarity of exchange rate. Most  researchers subsequently have tested the equation with et subtracted on each side:
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Related test: Since covered interest parity holds well, replace the right term with the interest rate differential. We then have a test of uncovered interest parity:
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If the risk premium assumed to be constant, it would appear in the a0 term, making it deviate from the hypothesized value of zero, but not affect the a1 term. So the researchers focused on hypothesis that a1=1.

Results: 



Froot (1990 JEPerspectives:) Summarize the literature of 75 papers on the subject. The average estimate of a1 over 75 papers is  -0.88, only a few find a1>0, and none find a1>1. 


Conclusions: 


In general, papers reject the hypothesis that a1=1, and most find that it is actually negative. 

This means that a country’s currency is expected to ap-preciate in future periods when its interest rate is high. 

Rather than offsetting a high interest rate, future appreciation makes it even more profitable to buy a currency.  

How can this be consistent with market equilibrium? How can we explain this finding?
Time-varying risk premia
-
If the risk premium varies over time, we could write the equation from before:
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-
Where RPt and et together are the error term in the regression. So the error term includes a component that may be correlated with regressors, biasing estimate of a1.

-
To solve this problem, some researchers have used ARCH models of the risk premium.(Domowitz-Hakkio 1995 JIE). 
-
They propose a separate regression for the risk premium itself as a function of the interest rate differential. 
-
But results were not encouraging. It appears that the risk premium not a simple function of interest rate differential.

Eichenbaum and Evans (QJE 1995):
Motivation


-
This paper documents the failure of UIP conditional on monetary policy shocks.  Shocks are identified here in a vector autoregression (VAR).

· It also provides evidence regarding the disagreement between Mussa and Stockman regarding whether monetary or real shocks drove exchange rates.
Methodology:
-

Use a simple VAR. Included in the vector of variables is a variable representing policy. 
-

Apply a Cholesky decomposition, in which ordering of variables matters: variables, X, preceding it are observed contemporaneously. 

-

Define policy shock as the innovation to the policy variable (nonborrowed reserve ratio) that is orthogonal to the contemporaneous values of the observed variables.
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Data:

-

Data on bilateral exchange rates of five countries with the US dollar. Monthly data, starting in 74.1.
-

Five variables in first system estimated: 



1) US-IP: industrial production (output)



2) US-CPI: price level



3) NBR/TR, non-borrowed reserve ratio to total 





reserves, measures degree of liquidity

4) Gap in 3-mo T-bils: foreign-home, 
5) exchange rate (first nominal and then real)

· Measure monetary policy action as a change in nonborrowed reserves not explained as a response to changes in contemporaneous price or output.

Results: Show figure 1: impulse responses to NBR/TR shock
1) 
A U.S. monetary contraction leads to a rise in initial period in U.S. interest rate rel to foreign (fall in Rfor–RUS).

2) 
Appreciates real and nominal exchange rates for U.S.
3) 
Exchange rate effect reaches maximal after 2-3 years. This “delayed overshooting” is inconsistent with UIP; reflects wrong sign in UIP tests above. 
(Discuss Overshooting)
4)
Plot also the “excess return” on holding dollar assets: return from dollar appreciation plus higher interest rate.
5)
Tables 1a and 1b: Reject that the maximal impact happens in initial period.
6) 
Variance decomp: monetary shocks account for 18-43% of exchange rate volatility.
[image: image30.emf]
Real exchange rate: (Table 1a)

[image: image31.emf]
nominal exchange rate (table 1b) 

[image: image32.emf]
Overshooting
-
Suppose U.S. monetary contraction raises US interest rate relative to foreign rate.

-
According to UIP, if people are still willing to hold foreign assets despite the lower interest rate, they must expect to be compensated by appreciation in value of the foreign currency over time (
[image: image33.wmf]$/€

e

 rising over time). 
· Now consider role of PPP, which seems to hold in long run: A fall in U.S. money supply should make the dollar more valuable (
[image: image34.wmf]$/€

e

 lower) in future than initially.

-
If we put these two conclusions together, we get the following type of path for the exchange rate following a U.S. monetary contraction:








-
The exchange rate falls on impact, but it overshoots its long run level. This is so it can gradually move upward in subsequent periods, and still end up lower than initially.
-
This is one characterization of the “Overshooting” theory of Dornbusch.

Conclusions: 
· Reject UIP; instead see “delayed overshooting”

· Monetary shocks are important, but hey explain \less than half of exchange rate fluctuations

Critiques: What do you think about the identification scheme for identifying monetary policy shocks?

Question: do you see a way to make money from the finding of this paper?

 c. Benigno et. al (2012 NBER Macro Annual) 

Main idea: 


Want to explain why a fall in i predicts a currency depreciation, rather than appreciation as required by interest rate parity. 


Must be a large fall in RP.
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A simple way to view this is in terms of theory presented earlier in lecture. Recall a general expression for the risk premium:
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Recall also that under a model with perfect risk sharing, we have seen:
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So we have:
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Rewrite this using: 
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Assume that the shocks are log normally distributed, then: 


(lower case letters represent logs, overbars are means)




[image: image40.wmf](

)

(

)

[

]

[

]

[

]

(

)

[

]

[

]

[

]

(

)

c

p

c

p

c

p

c

p

c

c

p

p

RP

t

t

t

t

t

t

t

,

cov

2

var

var

2

1

*

*,

cov

2

*

var

*

var

2

1

*

*

log

2

2

r

r

r

r

r

+

+

-

+

+

+

-

+

-

=




Under symmetry and perfect risk sharing:
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where: 
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Interpretation:



-
The first bracketed term above is a Jensen inequality term. 


-
The second bracketed term represents how a home nominal asset acts as a hedge against consumption risk. 


-
If consumption and the price positively correlated, home nominal assets pay off best in real terms (low price) in bad states of the world (low consumption)


-
So home assets are a hedge and risk premium is low. 

· Says that a rise in the volatility of money supply can lower the risk premium.

Intuition: 


-
In a sticky price model, a money supply rise only partly translates into a rise in price.


-
To the degree that price doesn’t rise fully, there is a rise in demand which raises production and consumption. 


-
So a rise in monetary volatility raises the correlation of price and consumption.


-
This makes home assets more attractive as a hedge, and lowers the risk premium.
· Suggests that we study the effect of shocks to monetary policy volatility instead of shocks to money supply.
Empirical: estimate a vector auto-regression based on Eichenbaum and Evans (1995) studied above, but include measures of volatility to monetary policy shocks (as well as shocks to inflation target and GDP growth rate).

Measure policy shocks: change in futures for forecasted treasury bill rate. Measure standard deviation of these. 

Data in VAR: 

1) monetary of monetary policy shocks

2) us interest rate;  3) foreign interest rate

4) real exchange rate

5) aggregate price index

6) aggregate output index

Report response for:

1) US interest rate (FFR)

2) slope of term premium (i-long term – i-short term)

3) real exchange rate

4) failure in UIP: it* - it + Et(st+1-st)
Results:

1) show volatility in monetary policy (ie in 2007-8 crisis)

2) replicate EE(1995) result for shocks to monetary policy: rise in money supply leads to delayed overshooting depreciation in dollar

3) show that a rise in variance of monetary policy shocks leads to rise in UIP deviation, excess return on foreign assets (dollar becomes more attractive as a hedge).

[image: image44.emf]

Responses to U.S. monetary policy contraction

[image: image45.emf]

Responses to rise in U.S. monetary policy volatility

[image: image46.emf] 
d. Engel (AER 2016): 

· Discusses an additional stylized fact:  High real interest rate countries tend to have currencies that are strong in real terms. 

· While this fact is known in the literature, Engel claims it conflicts with the usual explanation of the UIP puzzle in using a time-varying risk premium: The high interest rate country tends to have high expected returns on its short term asset because it has a high currency risk premium. 
· Puzzle as summarized by Chris Telmer: Right now the Brazilian Real (BRL) is overvalued in real terms. Brazilian real interest rates are also high. The latter suggests more BRL appreciation. But we know that eventually PPP must kick in, with the BRL depreciating.

· This new fact is different from the UIP puzzle above in that it relates to:
· Real rather than nominal interest and exchange rate
· Level of exchange rate rather than change

· But we can show the two conditions are linked:
· First convert nominal interest rate and exchange rates into real counterparts by adjusting for inflation:





UIP: 
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· Subtract 
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So
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Where r is the real interest rate and q is the real exchange rate.
· Second, rearrange and iterate forward: 
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Where 
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 represents prospective real interest differentials 
· Now assume also long run PPP : 
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Then, 
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Note this predicts that if 
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 then this should imply 
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, that is, a real appreciation. 
· For reference, we can also define a measure of the excess return on the foreign deposit inclusive of currency appreciation, that is, the deviation from UIP:
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Empirical: 1) confirm failure of UIP in real terms

Recall equation: 
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Surprisingly, beta is >0 and often >1.
[image: image60.emf]
Empirical: 2) levels equation: 
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So beta should be >0. Estimates support this.
[image: image62.emf]
Empirical: 3) cumulative excess returns regression
So beta should be <0. Estimates support this.
[image: image63.emf]

Explain why contradictory

[image: image64.emf]
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Conclude: 
· Models that explain UIP failure in terms of a rise in the currency risk premium when a country’s interest rate is high for short horizons. 

· Cannot explain why the implied risk premium switches sign at longer horizons. 
· This poses a new challenge to theoretical models trying to explain failure in UIP.
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