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Executive Summary
This project’s objective is to develop and test a currency trading strategy based on the forward premium puzzle.  We attempted to capitalize on conclusions of the paper entitled “The forward premium puzzle: different tales from developed and emerging economies” by Professors Magnus Dahlquist of the Stockholm School of Economics and Ravi Bansal of the Fuqua School of Business, Duke University.

We tested two trading strategies using the British Pound as our base currency.  The first strategy was a simple conditional trading strategy based on the difference between U.S. and foreign interest rates and the foreign exchange forward premium.  The second strategy was a regression-based strategy, which attempted to exploit the increased information available from predicted returns.

As a result we could not establish a feasible trading strategy based on the variables we chose to use.  Exchange rate movements could not be accurately predicted using the forward premia.  It became clear that predicting short-term movements in exchange rates is extremely difficult – even using interest rates, which are accepted to be the best proxy for relative currency values.

Introduction
Economic theory dictates that when the interest rate in a given country increases above foreign interest rates, the corresponding effect should be a depreciation of the domestic currency.  Eugene Fama first described the forward premium puzzle to denote the state when domestic interest rates are higher than foreign rates and the domestic currency appreciates as a result.  

The forward premium is the forward FX rate less the spot FX rate of a given currency exchange rate.  If interest rates between two countries are the same, then by the “no arbitrage pricing” theory the forward premium must be zero.   A positive forward premium implies that foreign interest rates exceed domestic interest rates (cost of carry relationship).  Thus, when the forward premium puzzle holds, the domestic currency will depreciate and the foreign currency will appreciate.

Bansal and Dahlquist, in their 1999 work “The forward premium puzzle: different tales from developed and emerging economies,” undertook a rigorous analysis of the forward premium puzzle.  The paper demonstrates that the forward premium puzzle holds true only in a certain scenarios.  The first condition for the forward premium puzzle to hold is that the U.S. interest rate must exceed the foreign interest rate.  The second question hinges on whether the foreign interest rate exceeds the domestic interest rate for the two countries in question.  If the foreign rate exceeds the domestic rate, then the foreign currency is expected to appreciate.  

Therefore, given that U.S. interest rates exceed foreign rates, when the forward premium is positive one expects the foreign currency to appreciate.  Alternatively, given that U.S. interest rates exceed foreign rates, when the forward premium is negative one expects the foreign currency to depreciate.  If U.S. interest rates do not exceed foreign rates, Bansal and Dahlquist found that the forward premium puzzle had no explanatory power.

The forward premium puzzle is not nearly as pervasive or widespread as had been initially thought.  Bansal and Dahlquist examined 28 emerging and developed economies.  There was little evidence for the forward premium puzzle as a predictor of exchange rates except in developed economies, i.e. high GNP per capita economies as they defined it.  From the paper’s data and results, four countries were identified whose currencies behaved in a manner consistent with the forward premium puzzle over the sample period of January 1976 to May 1998.  The four countries are Austria, Switzerland, Belgium, and Japan.

Though the methodology is laid out more explicitly below, we will briefly explain here the questions we addressed.  Our analysis centered on whether Bansal and Dahlquist’s findings could be implemented successfully as a trading strategy to realize abnormal returns.  Initially, we examined what the out of sample risk and the returns would be from implementing their findings to form a simple trading rule as follows:

1. When U.S. interest rates exceed foreign rates and the forward premium is positive, buy the foreign currency.

2. When U.S. interest rates exceed foreign rates and the forward premium is negative, sell the foreign currency.

3. When U.S. interest rates do not exceed foreign rates, hold the domestic currency and collect interest.

We then tested the possibility of predicting future currency appreciation or depreciation in the next period by running a univariate regression in which the independent variable included information about both the forward premium and whether U.S. interest rates exceeded foreign interest rates.  From these predicted changes in currency value, we were able to calculate a prediction of future spot rates.  Using our predictions of future spot rates and the historical in sample variances, we allocated across the four currencies to determine the optimal allocation for a given level of risk.  If the expected return for the currency allocation exceeded the one-month deposit rate, then we implemented the strategy.  If the interbank interest rates exceed the expected return from currency investment, then we would invest in the bank.  

Ultimately, the realized returns of this regression-based asset allocation method were compared to the simple trading strategy to determine which strategy was better.  We wished to assess whether or not one could improve and refine the somewhat crude trading rule described above stemming from Bansal and Dahlquist’s work.
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Data & Country Selection
Data
At the outset of this project, we expected to use current account data for each country (an indicator of capital flows into and out of a country) as a primary influence on the value of its currency.  We also expected to use spot and forward exchange rates, between the U.S. each country, as well as each country’s interbank interest rate.  We considered other macroeconomic variables that might potentially have an influence on the USD/foreign currency exchange rate, such as foreign debt, capital account, size of trade deficit, unemployment, and GDP growth.

Through conversations with Professors Dahlquist and Bansal, however, we learned that macro factors like the ones we were considering would give us no predicting value in the forecasting model wanted to build.  The macro variables clearly have an influence on the level of a currency, but their influence is extremely “low frequency”, which is to say that they exert their influence only over the long-term.  It became clear that, in order to predict what was going to happen to the value of a currency, we needed to exclude any macroeconomic variable, and include high frequency factors.  

We collected spot exchange rate between our selected foreign countries (see below), and the GBP, and the USD and the GBP going back into the 1970’s.  Spot rate data between our selected countries’ currencies and the USD was not available, however, so we made the overarching assumption that we were a London-based firm, and the GBP was our domestic currency.   That being the case, we collected the spot rates mentioned above, the 1-month forward exchange rates, and the foreign interbank interest rate for each of our selected countries.  We used the Eurodollar rate as our U.S. interest rate.  Table 3.1 outlines all the data categories we used in building our model.  

	Table 3.1:  Data Types and Countries

	Country
	Exchange Rate
	Interest Rate

	U.K.
	£/Euro

£/Euro 1 mo. Forward
	U.K. Euro-£ 1 mo.

	U.S.
	USD/£

USD/Euro
	Eurodollar 1 mo.

	Austria
	Schilling/£ spot

Schilling/£ 1 mo. Forward (“Dead”)
	VIBOR 1 mo. 

	Belgium
	Belgian Franc/£ spot 

Belgian Franc/£ 1 mo. Forward (“Dead”)
	Belgium Euro-Franc 1 mo.

	Japan
	Japan Yen/£ spot

Japan Yen/£ 1 mo. Forward
	Japan Euro-¥ 1 mo.

	Switzerland
	Swiss Franc/£ spot

Swiss Franc/£ 1 mo. Forward
	Swiss Euro-Franc 1 mo.


The spot rates (monthly data) yielded each month’s appreciation or depreciation for that currency.  The 1month Forward rate minus the spot rate yielded the forward premium.  We used the Eurodollar rate and each foreign country’s 1month Forward rate as conditionals for our trading rules.  

Country Selection

As mentioned earlier, one of the axioms of the Forward Premium Puzzle is that it applies only to developed countries.  Dahlquist and Bansal’s paper explains further that the puzzle actually only applies to developed countries with a high per capita GDP.  Based on these findings we narrowed our field down to four countries:  Austria, Belgium, Japan, and Switzerland.  Originally, we considered other countries like Canada, Germany, France, and Denmark, but evidence displayed in the paper indicated that these countries have lower per capita GDP’s.
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Methodology
Based on the Bansal/Dahlquist paper, we assigned the following definitions in the development of our trading strategy:


U.S. –

United States of America


Domestic – 
United Kingdom


Foreign – 
Austria, Belgium, Switzerland, or Japan

We employed two trading strategy tests – Coarse and Fine - to determine if the four currencies could be traded against the British Pound to outperform the S&P 500 which we chose as our benchmark index (higher return at lower risk).  Both strategies were developed to exploit the finding described by Bansal and Dahlquist that the negative correlation between forward premium and foreign exchange rates is only present when the US interest rates are greater than foreign interest rates.  

Coarse Strategy
First, we developed a simple trading rule to examine the predictive power of the forward premium puzzle.  Our “Coarse” trading strategy was a simple conditional trading rule.  At the start of each month, two binary conditions were evaluated to determine what investment we should make for each currency.  At the start of the out of sample test period we apportioned an equal part of our portfolio to each foreign currency (each period we made a buy, sell, or invest decision for each of the four foreign currencies).  At the conclusion of the test period, we totaled our proceeds across countries to determine our overall return.  The risk of this strategy was determined by evaluating the volatility of actual returns during the prediction period.  The following table summarizes our strategy:

	Condition
	Condition 1:

US Interest Rate > Foreign Interest Rate

	Condition 2:

Forward Premium > 0
	
	True
	False

	
	True
	Buy FX
	Invest in bank

	
	False
	Sell FX
	Invest in bank


This strategy was applied to the exchange rates of four foreign currencies in relation to the British Pound.  When the U.S. interest rate exceeded the foreign interest rate, the forward premium puzzle holds and the correlation was assumed to be significant.  If U.S. interest rates were less than foreign interest rates we assumed that the correlation was insignificant and that our best strategy would be to invest in the bank for that period and earn the U.K. interest rate.

Next we evaluated the forward premium to determine whether it was positive or negative.  The sign of the forward premium was what mattered, and so we simply looked at the difference of the forward minus the spot rate.  For positive forward premiums we purchased the foreign currency and for negative forward premiums we sold the foreign currency.

Fine Strategy

Since the Coarse strategy was a simple conditional trading strategy that generated recommendations based on binary evaluations of a few simple data points, it destroyed information about the magnitude of forward premium changes and expected depreciation rates.  The coarse strategy simply states a currency will appreciate or depreciate without any information about the magnitude of the movement, the strength of the signal, or the riskiness of the prediction.  To capture the value of this information, we developed a regression based trading strategy around the forward premium puzzle.  

Additionally, we used mean variance optimization as our allocation algorithm each period.  Since Belgium and Austria converted to the Euro currency starting in January 1, 1999, we tested our strategy for the six months between June 1998 and January 1999.  After this time period, Belgian and Austrian currencies have the same foreign exchange rate and volatility as they are pegged to the Euro at fixed rates.  Therefore, testing the trading strategies out of sample must stop at the time of this conversion. 

The forward premium puzzle only holds when the U.S. interest rate exceeds the foreign interest rate.  We wished to incorporate this valuable information into our regression and so created a new regression variable.  The regression variable was simply the product of the binary conditional variable (i.e. the status of U.S. vs. foreign interest rates) and the forward premium.  The regression equation is shown below:
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Expected investment return algorithm

Step 1 – Ran regression on lagged historical data (as shown above) up to the month before the prediction.  Found (0) and (1) coefficients from the regression fitted to the historical data.  

Step 2 – Used the most recent x(a) and x(b) values to predict the following month’s FX depreciation rate.

Step 3 -  Expected depreciation rate and 1 month Euro Deposit rate for the foreign country were used to predict investment returns if the foreign currency was purchased.

Step 4 -  Current period expected returns, correlation of historical returns, and standard deviation of historical returns were then computed and input into the mean variance optimization model.

Step 5 – Solver determined optimum asset allocation to maximize return while matching S&P 500 index risk for the in-sample period.  Return was compared against return from investing in a bank account in London.  Since we agreed to maximize return subject to the maximum allowable risk, i.e. the risk of the S&P 500 index, we selected the greater of the expected returns – either the bank or the currency portfolio.  A second optimization was performed using the risk associated with the least risky currency during the in-sample period; this turned out to be the Belgian franc.  The maximum of projected portfolio return or deposit return was also used in this scenario.

Step 6 – Process repeated for the next month through December 1998.

Step 7 – Actual returns for the projected optimal portfolios were then calculated using the given weights and the actual monthly change in each currency.  These returns were compared to the respective benchmarks to derive excess returns.  Excess returns were compared with the actual return standard deviations to derive Sharpe ratios for each portfolio.

Trading costs were not initially included because it was our feeling to first asses what returns could be realized with this strategy, and the evaluate whether the strategy produced sufficient abnormal returns to cover the associated trading costs.  Modeling trading costs initially complicates the analysis before we have even been able to evaluate whether or not the strategy works.  Ultimately, the trading strategy and the regression based asset allocation generated such poor returns that how much more trading costs would erode profits is not really relevant.

Return to top of Methodology
Return to Table of Contents.
Results
Sample regression results from each of the countries are shown below.  Generally, in each of the regressions the slope coefficient had a significant p value with a negative coefficient while the intercept was generally insignificant.  There were some occasional outliers as seen in the table below.  One would expect the intercept to be insignificantly different from zero indicating that there is no immediate currency drift predicted from the base period.  The coefficient of the slope is appropriately negative.  Given the forward premium puzzle described by Fama, a positive forward premium will predict a negative percentage change of the spot rate.  This negative percentage change in the predicted spot rate corresponds to appreciation of the foreign currency and depreciation of the domestic currency.  Our regressions thus support the notion that a positive forward premium suggests we should buy the foreign currency.

	
	adj R^2
	slope coefficient
	p value
	intercept 
	p value

	Belgium
	0.0190
	-0.0296
	0.0186
	-0.0015
	0.4196

	Austria
	0.0320
	-0.2149
	0.0575
	-0.0042
	0.2290

	Switzerland
	0.0009
	-0.1560
	0.2657
	-0.0049
	0.0849

	Japan
	0.0322
	-0.0065
	0.0032
	-0.0095
	0.0064


However, the fact that our regressions had reasonable explanatory power based on adjusted R2 values and significant p values, they did not perform well in forecasting future spot rates.  The table below summarizes the realized returns from the coarse and fine strategies.  The first thing to notice is that the returns are consistently negative.  The Sharpe ratios determine what is the best mix of risk and return that we are able to realize the fine strategy does “best,”  best being losing the least amount of money for a given level of risk.  This shows that we are able to do a little bit better by generating regressions and predicting next periods data and then employing a mean variance optimization to allocate resources versus simply employing the basic trading strategy.  Of course, the regressions are much more labor intense to implement and code up, without a major benefit – we are still unable to realize positive returns.

	
	Coarse Strategy
	Fine Strategy – S&P
	Fine Strategy – Belg/UK
	Euro Deposit

	Benchmark
	UK Euro
	S&P Comp
	Belg/UK FX
	N/A

	Forecasted Return
	N/A
	3.39%
	1.24%
	N/A

	Actual Return
	-1.8%
	-2.29%
	-1.17%
	0.61%

	Excess Return
	-1.19%
	-3.02%
	-0.97%
	N/A

	Standard Deviation
	3.8%
	9.02%
	3.34%
	0%

	Sharpe ratio
	-0.313
	-0.334
	-0.291
	NM


In conclusion, we find that the forward premium puzzle cannot be implemented to trade currencies of these four countries to realize abnormal returns.  The forward premium puzzle has been shown to be robust in an explanatory sample, but it is not as useful in a predictive model.  Managers considering this strategy would be better off sinking their funds in the Eurodollar and generating a new trading strategy.
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