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1. Introduction

There is broad agreement, both among practitioners and in the academic literature, that
fundamental models for predicting exchange rates produce disappointing performance. Meese
and Rogoff (1983) and Cheung et al. (2005) tested the forecasting power of some of the most
popular models, including purchasing power parity, Uncovered Interest rate Parity, the sticky-
price monetarist model and the monetarist model enhanced by a productivity differential, as
well as purely statistical models in the behavioural equilibrium exchange rate category, which
take various macroeconomic variables into account. These authors conclude that the models'

predictive abilities are mixed and vary with the exchange rates and periods studied.

Speculation is often cited to explain why exchange rates are weakly anchored to
fundamentals. Carry trades in particular are singled out: many investors go long currencies
with high interest rates and short those with low interest rates, betting that the former will
appreciate against the latter. Theoretically, carry trades run counter to just one fundamental
relationship, Uncovered Interest rate Parity (UIP), which predicts that nominal exchange rates
will adjust to offset interest rate differentials between two countries. Formally, therefore, the
carry trade strategy is a bet that UIP will not hold. From this standpoint, Plantin and Shin
(2008) even describe carry trades as self-reinforcing arbitrages (Orléan (1999)). Indeed, the
greater the number of investors taking part in a carry trade, the more the high- (low-) interest-
rate currency appreciates (depreciates), the more remote UIP becomes and, finally, the more
attractive carry strategies appear to investors, compared with fundamental strategies. But
although the carry trade strategy clashes formally with only one fundamental model, many
authors (Gagnon and Chaboud (2007), Brunnermeier et al. (2008), Plantin and Shin (2008))
find that it generally tends to increase divergence between the nominal exchange rate and its
equilibrium value as defined by economic fundamentals. Given the diversity of the methods
for implementing carry trade strategies (particularly through derivatives), it is hard to quantify
their share of total currency trading. Galati and Melvin (2004), as well as Galati et al. (2007)
identify hedge funds as the key players in the carry trade, but they highlight the growing
presence of long-only asset managers, who use these strategies to diversify outside
conventional asset classes. In any case, carry trade strategies have definitely become routine

for a great many financial market participants.



Binny (2005), Gyntelberg and Remolona (2007), Pukthuanthong-Le and Thomas
(2008) highlight the excellent returns to carry trade strategies in the last decade compared to
other investment styles on the FX market. These analyses also show a pronounced asymmetry
to the left of the return distribution and huge losses incurred by carry trades during the recent
financial turmoil have been widely reported in the financial press and the academic literature.
In fact, currencies with high (low) interest rates alternate long periods of slight appreciation
(depreciation) with short periods of high depreciation (appreciation). This pronounced skew is
often interpreted as a sudden reversion of the exchange rate to its fundamental value, from
which it diverged because of carry trades (Gagnon and Chaboud (2007), Brunnermeier et al.
(2008), Plantin and Shin (2008)).. Other authors show that volatility shocks on financial
markets coincide with a sudden depreciation of high-interest-rate currencies and the
appreciation of low interest rates currencies (Cairns et al. (2007), Brunnermeier et al. (2008)),
hence a poor performance from carry trade strategies. Kohler (2007) also shows that carry
trade performance is closely and positively correlated with equity performance and that the
correlation intensifies with a negative shock to equity markets. Thus, empirical evidence
concerning the poor results of fundamental models (Cheung et al. (2005)) and the strong
performance of the carry trade conceals a much more complex reality. Actually, the
performance of both strategies varies considerably over time.

Besides, with the latest financial turmoil, the asset management industry has
undergone structural shocks and felt an urgent need to evolve in order to meet investors’ new
expectations. Recent research has been investigating new methodologies to take into account
the impact of financial crises on asset allocation so as to robustify portfolio performance. One
initial approach is to construct an allocation that will withstand the shift to a crisis regime at
lower cost and without the need to rebalance the portfolio (Chow et al. (1999), Briére and
Szafarz (2008), Dash and Moran (2005), Briére et al. (2010)). Another approach consists in
changing the optimal asset allocation when a crisis erupts in order to mitigate its harmful
effects (Ang and Bekaert (2002,2004)). However, to our knowledge, the construction of
crisis-robust strategies on the FX market has still not been addressed in the literature.

This article compares the performance of a carry trade strategy with that of one of the
most widely used fundamental strategies, purchasing power parity (PPP), over the period
from 1990 to 2008 for eight main developed country currencies. The comparisons show that
the carry trade strategies perform much better on average than PPP. But more detailed



analysis shows that, in fact, PPP performs well during crises, unlike carry trade strategies, and
that the opposite applies during calm periods. The low occurrence of crises (13% of the
sample) explains why carry trade strategies performed much better than fundamental
strategies during the study period. Portfolios are constructed based on the eight currencies and
two types of investment strategies, carry trades and PPP. The article goes on to show that a
strategy employing this rotation to invest in the carry trade during calm periods and PPP
during crises clearly outperforms a pure carry trade strategy. Closer analysis shows that the
results are even more pronounced when considering portfolios invested solely in high interest
rate differential currency pairs. The larger this differential, therefore the greater the
divergence from equilibrium value, and the greater the scale on which these carry trades are

unwound and equilibrium value is restored.

We consider our work to be original for three reasons. First, while most studies
mention the theoretical clash between carry trades and UIP, we know of no analysis of a
possible opposition to other fundamental strategies, especially the most frequently used, PPP.
Second, the predictive ability of PPP has never been tested with respect to market episodes,
particularly crises. Last, an investment strategy is proposed that can be implemented directly,
with significantly better performance than that of a pure carry trade strategy, and we believe

that it can outperform during the bouts of high volatility that characterise financial crises.

The rest of the article is organised as follows: Section 2 describes the data and the
methodology used to construct the two strategies and the portfolios based on the eight
currencies studied. Section 3 presents the performance of the portfolios based on each
individual strategy, looking at the influence of crises on this performance, as well as the
performance of a “crisis-robust” strategy mixing the two initial strategies by considering an
implied volatility signal. Section 4 concludes.



2. Data and methodology

This section presents the methodology used to construct our two strategies: carry trade

(CT) and a fundamental strategy based on a Purchasing Power Parity (PPP) model.

2.1. Data

The strategies are based on eight major developed-country currencies: US dollar
(USD), euro (EUR), Japanese yen (JPY), UK pound sterling (GBP), Swiss franc (CHF),
Australian dollar (AUD), Canadian dollar (CAD) and New Zealand dollar (NZD). These eight
currencies allow us to work with 28 currency pairs. The exchange rate series are sourced from
Reuters at 4:00 p.m., London time. They are downloaded from Datastream® and are collected
monthly from March 1980 to December 2008.

One-month interbank rates have been used to implement currency strategies, which
involve lending and borrowing in the currencies of two countries. And the eight countries™
monthly consumer price indices have been used to estimate the PPP model. All data are
supplied monthly by Datastream from March 1990 to December 2008. Descriptive statistics
are available in the Tables 1, 2 and 3 of the Appendix 1.

Table 1 in Appendix 1 gives descriptive statistics for monthly returns of exchange
rates against USD. We note a major discrepancy in average returns and volatilities. During the
study period, CAD and GBP had the lowest returns and volatility against the dollar (returns
close to zero, volatility of 6.9% and 9.4%, respectively), while JPY and CHF had the highest
returns and volatilities (returns close to 3%, volatility in excess of 11%). Moreover, these are
the only two currencies with very pronounced right-skewed returns against USD (skewness of
0.82 and 0.29, respectively). For all currencies, return kurtosis are much higher than 3,
indicating that the distribution tails are much fatter than those of a normal distribution. An

analysis of extreme returns produces a similar picture, making it possible to contrast JPY and

! The 28 currency crosses are recovered from seven exchange rates against sterling. Note that as a proxy for the
euro before 1999 we use a synthetic series calculated by weighting various European exchange rates.

% German data are used as a proxy for the eurozone, as no aggregate data are available on the entire period under
study.



CHF, with high maximum monthly gains and lower maximum losses, with AUD, GBP and

NZD, which, by contrast, had low maximum gains and high maximum losses.

Descriptive statistics for 1-month interbank interest rates (Table 2, Appendix 1)
highlight sharp differences between the average rates of eight countries. The UK, Australia
and New Zealand had the highest rates during the study period, with averages of 6.44%,
6.49% and 7.40%, respectively. By contrast, Japan and Switzerland had the lowest rates
(1.60% and 2.91% respectively). Table 3 of Appendix 1 gives descriptive statistics for
monthly changes in consumer prices indexes. It shows that Japan and Switzerland were the
countries with the smallest average increases between 1990 and 2008, while the countries
with the biggest rises were Australia and New Zealand. Already, this initial analysis
highlights a contrast between currencies with high interest rates and inflation (AUD, NZD,
GBP) and those with low interest rates and inflation (JPY, CHF).

2.2. Estimation of the PPP model

The PPP model is one of the simplest and most widely used currency models®. One of
its main advantages is that it can be estimated monthly and is therefore especially well-suited
to implementing strategies. PPP is derived from the law of one price and assumes an equality
relationship between exchange rates and the ratio of price levels:

P
E =— 1
y [)] ( )

where P, is the price level in country 7, P, is the price level in country j and E is the number

of units of currency i in exchange for one unit of currency ;.

® PPP is widely used by market practitioners and by large multinational institutions, such as the International
Monetary Fund and the Organisation for Economic Co-operation and Development. Note that these institutions
provide only annual PPP estimates. We therefore re-estimated this model on a monthly schedule, which was
better-suited to our strategies



Empirically, equality is not verified, but the stationarity of real exchange rates over the
long term is postulated. The long-term cointegration relationship between nominal exchange

rates and the ratio of consumer price indices for the two countries® is thus estimated:
€; :a+lB(pi_pj) (2)
where p, =In(P), p, =In(P;)and e¢; =In(E,).

Table 4 in Appendix 2 summarises the results of the estimates® over the entire period
from March 1980 to December 2008 for the 28 exchange rates. The regressions indicate a
cointegration relationship between the exchange rate and the price level differential. The £
coefficient of the regression is significant at 1% level for 26 of the 28 rates and has the
expected positive sign for 26 of them. To test a realistic implementation of the PPP strategy,
an initial “in-sample” estimate is made of equation (2) on the sample from March 1980 to
January 1990. This is followed by recursive “out-of-sample” estimates for each month from
this date. Graph 1 below presents the fundamental value for the EUR/USD pair, estimated

recursively from January 1990 to December 2008, compared with the market value.

Graph 1: EUR/USD and PPP forecasted value, recursive estimate,
January 1990-December 2008
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The findings show long periods of fundamental overvaluation or undervaluation,
sometimes lasting several years. Exchange rate deviations from the equilibrium value defined
by PPP rarely exceed 30%. Reversion to the equilibrium value may occur rather suddenly. For
example, the euro was highly overvalued in 2007, and depreciated sharply against the US
dollar in October and November 2008, returning at that date to its equilibrium value.

2.3. Construction of strategies and portfolios

We consider the case of a US investor in USD, rebalancing his portfolio monthly. For
the carry trade strategy, at each month-end the investor borrows for one month at the
interbank rate in the currency with the lowest interest rate and invests this amount for one
month at the interbank rate in the currency with the highest interest rate®. For the PPP
strategy, the investor observes at each month-end the difference between the realised
exchange rate and its fundamental equilibrium level. The strategy consists in betting on a
reversion to the fundamental value on a one-month time horizon. The investor then borrows
for one month in the overvalued currency and invests this amount for one month in the

undervalued currency.

Three portfolios are constructed: one including the 28 equally-weighted pairs (“all
pairs”), an equally-weighted portfolio including the 14 pairs with the highest average
interbank interest rate differentials during the January 1990 to December 2008 period (“high
differential pairs”), and a portfolio composed of the 14 pairs with the lowest average interest
rate differentials (“low differential pairs”). The latter two portfolios make it possible to

determine whether high-carry currencies behave differently from low-carry ones.

In theory, currency strategies (on the spot market or via forwards) do not require any
capital up-front and can therefore be infinitely leveraged. Accordingly, a key step in the
investment process is to calibrate the risk taken on these strategies. One hundred per cent of
the capital is assumed to be invested on the US money market, and the amount borrowed in

the financing currency is then calibrated so that the annualised return volatility of each

® As the transaction costs are very low on the currency market, they are not taken into account in this study.



portfolio over the period January 1990-December 2008 is equal to 5%. This corresponds to
the calibration used in practice by many currency funds. This does not influence the

performance measures (Sharpe ratio and success rate) but makes it easier to compare returns
over the different portfolios.

3. Results

The performance of the two currency strategies, CT and PPP, is analysed over the
entire study period, and the effect of financial crises on performance is then examined.

Finally, the construction of a “crisis-robust” strategy that alternates the two strategies is
presented.

3.1. Performance over the entire period

Table 5 presents descriptive statistics of returns of the CT and PPP strategies for the
portfolios from January 1990 to December 2008.

Table 5: Descriptive statistics of returns on CT and PPP strategies
for “all pairs”, “high differential pairs” and “low differential pairs” portfolios,
January 1990 — December 2008

All pairs High differential pairs Low differential pairs
CT PPP Difference CT PPP Difference CT PPP Difference

Ann. mean 6.74%  5.03% 1.71% 6.02%  4.51% 1.51% 7.18%  5.70% 1.48%
Ann. Std. Dev. 5.00% 5.00% 0.00% 5.00%  5.00% 0.00% 5.00%  5.00% 0.00%
Sharpe Ratio 0.45**  0.11* 0.34** 0.31*** 0.01 0.30*** 0.54***  0.25*** 0.29%**
Skewness -1.30 111 -1.38 1.36 -0.61 0.86

Kurtosis 6.89 7.33 8.33 10.20 7.61 5.98

Maximum 3.94% 8.06% 3.84%  9.23% 6.59%  7.62%

Minimum -7.08% -4.59% -8.05% -4.86% -6.96% -3.45%

Success Rate 73.13% 61.23% 71.81% 58.59% 73.57% 64.32%

*** and * indicate respectively the significance at 1%, and 10% level for the test of nullity of the Sharpe ratio

(Lo (2002)) and for the test of significance of the difference of the Sharpe ratios of two strategies (Jobson and
Korkie (1981)).

The CT and PPP strategies consistently outperform a cash investment during the 1990-
2008 period: the Sharpe ratios are always positive, ranging between 0.31 and 0.54 for the CT
strategy and between 0.01 and 0.25 for the PPP strategy. All Sharpe ratios are significantly



different from 0 according to the Lo (2002) test, except for the PPP strategy applied to the
high differential pairs. For the two strategies, performance is slightly higher when considering
the “low differential pairs” against the “high differential pairs”: the CT strategy produces
7.18% versus 6.02% (Sharpe ratio of 0.54 versus 0.31), while the PPP strategy obtains 5.70%
compared with 4.51% (Sharpe ratio of 0.25 compared with 0.01). This result is somewhat
surprising for the carry trade strategy, which we might have intuitively expected to perform

better on the currencies with the highest differentials.

Over the entire period, the CT strategy clearly performs better than the PPP strategy.
For the three portfolios, the difference in Sharpe ratios between the two strategies averages
0.3, and is significantly different from 0 according to the Jobson and Korkie test (1981).
Similarly, the success rates (percentage of months with positive returns) are clearly better for
the CT strategy (over 70%) than for the PPP strategy (around 60%).

One important difference between the two strategies is their extreme risks. Kurtosis
values for all strategies are well above 3, indicating that the distribution tails are much fatter
than those of a normal distribution. For an identical level of volatility, the CT strategy has
very left-skewed returns (skewness ranging between -0.6 and -1.3), a result previously
emphasised by Gagnon and Chaboud (2007) and Brunnermeier et al (2008). In contrast, the
PPP strategy has a highly positive skew (between 0.9 and 1.4). This asymmetry of returns is
also visible in the maximum levels of monthly gains and losses during the study period. The
maximum losses are much larger for CT (between -7% and -8%) than for PPP (between -3%
and -5%), while the opposite is true for the maximum gains. Thus, the better performance of
the CT strategy in terms of returns and Sharpe ratios is partially offset by higher extreme

risks, particularly the higher negative skewness of returns.

For the CT strategy, we also note the skewness is much more negative (-1.38 vs 0.61)
and kurtosis is higher (8.33 vs 7.61) for the portfolio of “high differential pairs” than for the
“low differential pairs” portfolio. This confirms that even when carry trade strategies are
calibrated to have identical volatility levels, they are riskier for cross-rate pairs with higher

differentials, subject to much harsher shocks.
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Graph 2 shows the changes in one-year rolling performance of the *“all pairs” portfolio
over the study period. Graphs 4 and 5 in Appendix 2 present the same results for the

portfolios with high and low interest rate differentials.

Graph 2: One-year rolling performance for CT and PPP strategies, “all pairs”

portfolio, January 1991 — December 2008
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The performance analysis over the entire period conceals a more complex reality,
linked to the fact that performances are not stable over time. For all three portfolios, there is
an alternation between periods of good performance for the CT strategy and the PPP strategy.
The rolling performances of the two strategies are negatively correlated at -32%. As already
noted by Cairns et al. (2007) and Brunnermeier et al. (2008), the performance of CT strategies
declines during financial crises: in the European Monetary System crisis in 1992, the Russian
crisis and bankruptcy of the LTCM hedge fund in 1998 and the subprime crisis in 2007 and
2008. But what has not been assessed yet is the fact that the PPP strategy's performance seems
to improve during such periods. The following section aims to measure more precisely how

crises impact on the performance of currency strategies.
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3.2. Influence of crises

Many studies have demonstrated that implied equity volatility (as measured by a synthetic
index, the VIX) is an accurate measure of risk aversion on markets (Collin-Dufresne et al.
(2001), Pan and Singleton (2007)). VIX is also called the “global fear index”: the greater the
VIX, the higher the concern about global markets. Most financial crises since the 1990s have
produced large increases in the VIX index (Cairns et al. (2007), Brunnermeier (2008)). In
order to identify simply the crisis periods, they are characterized as periods in which the VIX
index was more than one standard deviation greater than its historical average since 1990
(Traub et al. (2000), Cairns et al. (2007)). The advantage of this definition of crisis episodes is
that it relies solely on market data; it can therefore provide an indicator that may be directly
used to implement strategies for any date. Graph 8 in Appendix 5 presents the crisis periods
identified by the indicator. From January 1990 to December 2008 we identify 30 crisis
months (13% of the observations). Performances are calculated for all three portfolios,
specifically during crisis and non-crisis periods. Table 6 presents the descriptive statistics of
returns for the three portfolios.

Table 6: Descriptive statistics of the returns of CT and PPP strategies
for “all pairs”, “high differential pairs” and “low differential pairs” portfolios

in crisis and non-crisis periods, January 1990 — December 2008

All pairs High differential pairs Low differential pairs
CT PPP Difference CT PPP Difference CT PPP Difference
No crises

Ann. mean 8.00% 3.94% 4.06% 7.52%  3.34% 4.17% 7.53% 5.01% 2.52%
Ann. Std. Dev. 451% 4.45% 0.06% 4.34% 4.42% -0.09% 5.02% 4.66% 0.36%
Sharpe Ratio 0.77%*  -0.13* 0.90*** 0.69***  -0.26*** 0.95%** 0.60***  0.10 0.49%**
Skewness -0.73 0.38 -0.53 0.21 -0.59 0.89

Kurtosis 4.17 4.75 3.92 4.98 8.14 7.19

Maximum 3.94% 4.92% 3.84% 4.72% 6.59% 7.62%

Minimum -4.00% -4.59% -3.77% -4.86% -6.96% -3.45%

Success Rate 75.13% 59.39% 74.11% 57.36% 74.11% 64.47%

Crises

Ann. mean -1.53% 12.16% -13.69% -3.82% 12.16% -15.98% 491% 10.29% -5.38%
Ann. Std. Dev. 7.10% 7.45% -0.35% 7.63%  7.53% 0.09% 4.89% 6.80% -1.91%
Sharpe Ratio -0.80***  1.07*** -1.87%*=* -1.05%**  1.06*** -2.10%* 0.15 0.90*** -0.75%*=
Skewness -1.65 1.55 -1.58 2.24 -0.85 0.44

Kurtosis 6.12 5.55 6.33 8.56 3.55 2.68

Maximum 2.56% 8.06% 2.35% 9.23% 2.66% 5.28%

Minimum -7.08% -1.73% -8.05% -1.56% -3.19% -2.92%

Success Rate 60.00% 73.33% 56.67% 66.67% 70.00% 63.33%

*** and * respectively indicate the significance at 1%, and 10% level for the test of nullity of the Sharpe Ratio
(Lo (2002)) and for the test of significance of the difference of the Sharpe Ratios of two strategies (Jobson and
Korkie (1981)).
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Financial crises have a strong impact on the strategies’ performance. They sharply
depress the returns and Sharpe ratios of the CT strategy. In calm periods, the CT's Sharpe
ratio is highly significantly positive for all three portfolios (between 0.60 and 0.77), but it
becomes strongly negative in crisis periods for two of the three (-0.80 for the “all pairs”
portfolio and -1.05 for the “high differential pairs” portfolio) and not significantly positive for
the “low differential pairs” portfolio (0.15). For the PPP strategy, crises have the opposite
effect, boosting its returns and Sharpe ratios. Performance is negative for two of the three
portfolios in calm periods, but becomes highly significantly positive in crisis periods. For
example, for the “all pairs” portfolio, the Sharpe ratio rises from -0.13 in calm periods to 1.07
in crises. The picture is similar for the success rates of the strategies: much higher in calm
periods than in crisis periods for CT (75% versus 60% for the “all pairs” portfolio) and much
lower for PPP (59% versus 73%). The differences between crisis and non-crisis performance
are much more pronounced for the “high differential pairs” portfolio than for the “low
differential pairs”. This result confirms that the divergences and reversions to the fundamental

value occur more strongly for cross-rate pairs with high interest rate differentials.

In sum, although the CT strategy sharply outperforms the PPP strategy during calm
periods (Sharpe ratio of 0.77 versus -0.13 for the portfolio based on 28 cross-rate pairs), the
opposite is true in crisis times (Sharpe ratio of -0.8 for the CT strategy versus 1.07 for PPP).
This finding is more pronounced for the “high differential” pairs than for the “low
differential” ones: for the first group, the difference in Sharpe ratios between the CT strategy
and the PPP strategy is 0.95 in calm periods and -2.11 in crisis periods, and for the second

group, the difference in Sharpe ratios is 0.49 in normal periods and -0.75 in crises.

For both strategies, the volatility and skewness of returns increase sharply during
crises. For the CT strategy, volatility rises from 4.51% to 7.10% and skewness from -0.73 to -
1.65 in crisis for the “all pairs” portfolio, and kurtosis increases strongly. Similarly, for the
PPP strategy, positive skew becomes more pronounced during crises, and kurtosis increases.
For the three portfolios, maximum gains from the PPP strategy are clearly higher in crisis

periods than in calm periods, while for the CT strategy, maximum losses are much greater.

Calm periods therefore appear to be associated with a very good performance for the

CT strategy and a lacklustre showing for the PPP strategy. However, crisis periods are

13



associated with excellent performance by PPP (higher Sharpe ratios and more pronounced
right skewness of returns), and a poor performance from CT (negative or near-zero Sharpe
ratios and higher left skewness of returns). These results confirm that crises are a catalyst for
carry trade unwinding (Gagnon and Chaboud (2007), Plantin and Shin (2008)). Furthermore,
exchange rates return to fundamental PPP value during these periods.

3.3. Construction of a crisis-robust strategy

The preceding results suggest that a pure carry trade strategy could be improved upon
by replacing it with a fundamental strategy in crisis periods. Therefore, this section presents a
new strategy, constructed by taking advantage of the excellent performance of CT in calm
periods but without suffering poor performance during crises. The first strategy (CTC)
implements the carry trade in calm periods and halts it without making any bets as soon as the
risk aversion indicator signals the onset of a crisis period. The second strategy (CTPPP)
implements the standard CT strategy in calm periods and the PPP strategy in crisis periods.
Table 7 presents descriptive statistics of returns of the standard carry trade (CT) and the two
new strategies (CTC and CTPPP) from January 1990 to December 2008.

14



Table 7: Descriptive statistics of the returns of the CT, CTC and CTPPP strategies

for the “all pairs™, “high differential pairs” and “low differential pairs” portfolios, January 1990 — December 2008

All pairs High differential pairs Low differential Pairs
CT CTC Diff. CTPPP Diff. CT CTC Diff. CTPPP Diff. CT CTC Diff. CTPPP Diff.

Ann. mean 6.74% 6.88% 0.14% 8.30% 1.55% 6.02% 6.37% 0.35% 7.77% 1.74% 7.18% 6.87% -0.31% 8.00% 0.82%
Ann. Std. Dev. | 5.00% 4.31% -0.69% 4.97% -0.03% 5.00% 4.12% -0.88% 4.94% -0.06% 5.00% 4.77% -0.23% 5.16% 0.16%
Sharpe Ratio 0.45%**  0.56*** 0.10%** 0.77*** 0.32%** 0.31***  0.46*** 0.15%** 0.67*** 0.36*** 0.54**  0.50%** -0.04 0.68*** 0.14%**
Skewness -1.30 -0.65 0.25 -1.38 -0.43 0.86 -0.61 -0.53 -0.31
Kurtosis 6.89 4.45 6.73 8.33 4.14 9.08 7.61 8.69 7.29
Maximum 3.94% 3.94% 8.06% 3.84% 3.84% 9.23% 6.59% 6.59% 6.59%
Minimum -7.08% -4.00% -4.00% -8.05% -3.77% -3.77% -6.96% -6.96% -6.96%
Success Rate | 73.13% 76.65% 75.33% 71.81% 75.77% 73.13% 73.57% 76.21% 74.01%

*** indicates the significance at 1% level for the test of nullity of the Sharpe Ratio (Lo (2002)) and for the test of significance of the difference of the Sharpe Ratios of two
strategies (Jobson and Korkie (1981)).
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Halting the CT strategy during crises markedly improves portfolio performance. Not
only are returns considerably better, but volatility is also lower overall. For the portfolio based
on the 28 pairs, the Sharpe ratio rises from 0.45 to 0.56 (adopting no strategy during crises),
and as high as 0.77 when the CT strategy is replaced by the PPP strategy during crises.
Success rates also rise sharply, from 73% for the CT strategy to 77% for the CTC strategy and
75% for the CTPPP strategy. Results are similar for the “high differential pairs” portfolio (the
Sharpe ratio rises from 0.31 to 0.46 for the CTC strategy and as high as 0.67 for CTPPP).
However, the results are less significant for the “low differential pairs” portfolios: halting the
CT strategy during crises does not produce a significant improvement in performance.
Replacing it with the PPP strategy improves the Sharpe ratio slightly, but less than for the
other two portfolios.

The extreme risks of the strategies are also reduced. The portfolio’s skewness based on
the 28 pairs declines from -1.3 to -0.65 when the CT strategy is halted during crises, and it
even becomes positive (0.25) when CT is replaced by PPP during crises. The results are
similar but even more pronounced for the “high differential pairs” portfolio (the most negative
returns are shaved and replaced by highly positive returns). However, the results are muted
for the “low differential pairs” portfolio: the negative skewness decreases when the CT
strategy is halted during crises, but does not return to positive territory).

Graph 3 below presents one-year rolling performance for the three strategies — CT,

CTC and CTPPP for the “all pairs” portfolio. Graphs 6 and 7 in Appendix 4 present the same
results for the “high differential pairs” and “low differential pairs” portfolios.
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Graph 3: One-year rolling performance for CT, CTC and CTPPP strategies for
the “all pairs” portfolio, January 1991 — December 2008
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If the CT strategies are closed during crisis periods, it is possible to avoid many of the
periods of negative performance (with the exception of the 1993 — 1994 period and the recent
period of the subprime crisis, in which annual performance was briefly negative for several
months). Replacing the CT strategy with the PPP strategy during crises improves the results
even more. Although performances are slightly lower over the 2001 — 2004 period, a
relatively turbulent, crisis-prone era characterised by a steep increase in the VIX index,
periods of negative CT performance in 1998 — 1999 and in the recent Subprime crisis period

are replaced by highly positive performances.

4. Conclusion

The recent literature emphasises the failure of fundamental models, in predicting
short-term changes in exchange rates. However, this article goes some way towards
rehabilitating them. The performance of the two types of strategies, carry trade and
fundamental PPP, are analysed in detail for 28 currency pairs from 1990 to 2008.

The performance of the CT strategy is significantly better than that of the PPP
strategy, but it fluctuates widely over time. Periods of good performance for carry trades
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correspond to periods of poor performance for fundamental strategies, and vice versa. Crises
appear to play a significant role in this alternation. Although carry trades perform well in calm
periods, fundamental strategies prove their mettle during crises. In fact, a return to
fundamental value according to the PPP model is observed during these episodes; and the
greater the short-term interest rate differential between the two currencies, the more
pronounced this effect. These results confirm that carry trade strategies cause exchange rates
to diverge markedly from their fundamental values during calm periods (Gagnon and
Chaboud (2007), Brunnermeier et al. (2008), Plantin and Shin (2008)) and that financial crises
are periods of a sudden "return to fundamentals”. It is therefore possible to construct a
strategy that will take advantage of this finding. Backtesting the performance of a portfolio
that rotates between the two types of strategies (CT in calm periods and PPP in crises) based
on a risk aversion indicator such as implied equity volatility (the VIX index), we show that it
would have achieved substantially better performance than a pure carry trade strategy. It
would also have avoided most of the periods of negative carry-trade performance, particularly

the recent subprime crisis, which was particularly painful for CT strategies.

It is true that carry trade strategies have delivered outstanding performances, recently
hailed in the academic literature (Cairns et al. (2007), Gyntelberg and Remolona (2007)), and
have been widely used in recent years by more and more investors (hedge funds, asset
management firms, etc.), as reflected in the proliferation of carry trade funds and indices. But
those performances deserve to be questioned. In all likelihood, one of the reasons why carry
trade strategies have outperformed fundamental strategies is that crises have been infrequent
over the last 20 years (13% of the sample). But the stronger the carry trades’ performance and
the greater the divergence from fundamental value, the more violent the subsequent return to

equilibrium. This leads to huge losses that ultimately wipe out much of the earlier gains.

One of the limitations of this study is related to the very simple approach taken to
financial crises. A risk aversion metric, the VIX index was used as a market indicator for the
strategies. Although the use of the VIX, which represents investors’ expectations of future
equity volatility, is warranted by the strong relationship between performance of carry trades
and equity markets (Kohler (2007)), an interesting extension of this paper would be to analyse
more precisely the role of financial crises in performance variability. Other methods of crisis
identification may be used, including a more refined analysis of crisis origins (currency
movements, loss of confidence, stock market crash, etc.), and the results should be compared
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and contrasted. Furthermore, other fundamental currency models could be reviewed in the

light of these new findings.
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Appendix

Appendix 1: Descriptive statistics

Table 1: Descriptive statistics — monthly returns of exchange rates versus US dollar,
March 1980 — December 2008

AUD CAD CHF EUR GBP JPY NZD
Ann. Mean 0.15% -0.05% 2.43% 0.87% -0.28% 3.55% 0.56%
Maximum 8.78% 6.45% 14.12% 9.55% 6.62% 16.81% 7.89%
Minimum -16.36% -12.55% -10.46% -10.23% -12.29% -10.11% -12.98%
Ann. Std. Dev. 10.62% 6.89% 11.19% 10.04% 9.41% 11.13% 10.10%
Skewness -0.68 -0.94 0.29 -0.18 -0.91 0.82 -0.51
Kurtosis 6.03 9.62 4.25 4.05 5.81 6.30 4.77
Table 2: Descriptive statistics — 1-month interbank rates,
January 1990 — December 2008
AUD CAD CHF EUR GBP JPY NZD uUSD
Mean 6.49 4.93 291 4.54 6.44 1.60 7.40 4.45
Maximum 1.35 1.13 0.79 0.82 1.26 0.72 1.20 0.72
Minimum 0.35 0.15 0.01 0.17 0.17 0.00 0.30 0.04
Ann. Std. Dev. 0.66 0.72 0.75 0.66 0.80 0.69 0.61 0.54
Skewness 2.25 1.65 1.18 1.05 1.80 1.75 113 -0.17
Kurtosis 7.99 5.87 3.25 2.87 5.69 4.80 4.43 2.39
Table 3: Descriptive statistics — monthly changes in consumer price index,
March 1980 — December 2008
AUD CAD CHF EUR GBP JPY NZD uUsD
Ann. Mean 4.55% 3.45% 2.20% 3.39% 4.27% 1.08% 5.22% 3.41%
Maximum 4.22% 2.63% 1.56% 1.24% 3.41% 2.08% 8.92% 1.25%
Minimum -0.46% -1.04% -1.05% -0.60% -0.93% -1.08% -0.81% -1.92%
Ann. Std. Dev. 2.63% 1.37% 1.26% 0.96% 1.71% 1.58% 3.57% 1.16%
Skewness 2.20 0.80 0.38 0.30 1.76 0.98 3.60 -0.76
Kurtosis 7.64 6.97 3.95 3.71 11.52 5.24 20.28 8.73
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Appendix 2: Estimation of PPP model

Table 4: Results of PPP model estimation,

March 1980 — December 2008

Pair o (t-stats) B (t-stats) Adj. R* SE DW

T NZDT7JPY | -0.307*(-25.12)  1.07 *** (30.26) 0.73 0.20 0.05
JPY / AUD -0.27 *** (-19.71) 1.33 *** (28.49) 0.70 0.23 0.04
GBP / JPY -0.14 *** (-10.33) 0.94 *** (20.49) 0.55 0.21 0.03
NZD / CHF -0.04 *** (-5.94) 1.05 *** (39.71) 0.82 0.11 0.14
AUD / CHF -0.01 (-0.84) 1.54 *** (34.9) 0.78 0.14 0.09
GBP / CHF 0.13 *** (16.63) 0.94 *** (20.88) 0.56 0.13 0.05
CAD / JPY -0.24 *** (-18.52) 1.41 *** (19.97) 0.54 0.22 0.03
NzZD / USD -0.20 *** (-20.96) 0.55 *** (9.37) 0.20 0.17 0.04
EUR / JPY -0.30 *** (-28.32) 1.26 *** (22.21) 0.59 0.18 0.03
NZD / EUR 0.01 (0.93) 0.76 *** (22.5) 0.60 0.09 0.14
uUsD / JPY -0.11 *** (-9.87) 1.19 *** (21.94) 0.58 0.19 0.03
NzZD / CAD -0.08 *** (-10.31) 0.39 *** (8.07) 0.16 0.13 0.06
USD / AUD -0.17 *** (-21.20) 1.22 *** (14.99) 0.39 0.15 0.05
CAD / CHF 0.01 (0.91) 1.72 ** (15.14) 0.40 0.17 0.05
GBP / USD -0.05 *** (-4.97) 0.07 (0.68) 0.00 0.13 0.05
EUR / AUD 0.04 *** (5.95) 1.49 *** (26.12) 0.66 0.11 0.12
GBP / EUR 0.15 *** (22.23) 0.23 *** (3.52) 0.03 0.10 0.06
EUR / CHF -0.04 *** (-10.34) 1.63 *** (33.34) 0.76 0.07 0.05
CAD / AUD -0.04 *** (-7.02) 0.98 *** (19.57) 0.53 0.09 0.10
USD / CHF 0.15 *** (16.83) 1.47 *** (16.69) 0.45 0.16 0.05
GBP / CAD 0.03 *** (4.28) -0.44 *** (-6.45) 0.11 0.10 0.09
JPY / CHF -0.27 *** (-33.44) 0.91 *** (12.4) 0.31 0.13 0.06
NzZD / GBP -0.18 *** (-28.89) 0.52 *** (8.88) 0.18 0.11 0.10
NzD / AUD -0.03 *** (-6.16) -0.34 *** (-4.46) 0.05 0.09 0.10
CAD /USD -0.12 *** (-17.33) 0.07 (0.52) 0.00 0.11 0.03
EUR/CAD 0.06 *** (7.68) 0.34 (0.91) 0.00 0.13 0.06
EUR/USD -0.20 *** (-22.43) 1.57 *** (6.33) 0.10 0.16 0.04
GBP / AUD -0.19 *** (-20.97) 1.42 *** (8.53) 0.17 0.14 0.07

*xx ** * jndicate that the variable is significant respectively at the 1% 5% and 10% level. SE represents the
standard error of the regression and DW represents the Durbin-Watson statistic.
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Appendix 3: Rolling performances of CT and PPP strategies

Graph 4: One-year rolling performance of CT and PPP strategies, “high
differential pairs” portfolio, January 1991 — December 2008
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Graph 5: One-year rolling performance of CT and PPP strategies, “low
differential pairs” portfolio, January 1991 — December 2008
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Appendix 4: Rolling performances of CT, CTC and CTPPP strategies

Graph 6: One-year rolling performance of CT, CTC and CTPPP strategies,
“high differential pairs” portfolio, January 1991 — December 2008

25%
20% 4
A
15% —W
10)@,”“\ ’ A\
5% - S A ATYAT \ LY
% ‘ " ‘ ‘ ——w Y ‘ ‘ ‘ ‘ ‘ — —
-5% |
-10% 3
-15%
-20%
23838858888 883388%6 3
1 yr Rolling Rerformance CT 1 yr Rolling Rerformance CTC

—— 1 yr Rolling Ferformance CTFFP

Graph 7: One-year rolling performance of CT, CTC and CTPPP strategies, “low

differential pairs” portfolio, January 1991 — December 2008
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Graph 8: VIX and crisis periods
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Crises periods are identified as periods of high implied equity market volatility (VIX index above its
average over January 1990 — December 2008 plus one standard deviation
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