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Global Macro Carry

The idea behind carry

According to Koijen, Moskowitz, Pedersen and Vrugt (2012) we can decompose expected

returns of any asset into its Carry and its expected price appreciation. The carry is

defined as an asset’s return if we assume that its price does not change. More formally,

the return of any asset can be described as follows:

return = carry + E(price appreciation)︸ ︷︷ ︸
expected return

+ unexpected price shock, (1)

where the carry is observable ex ante and does not - in contrast to the expected price

appreciation - require an asset pricing model.

Prior to the publication of Koijen et al’s (2012) carry paper publication, carry was a

concept that was predominantely used for currencies. Thereby, carry was represented

by the difference in the interest rates of the respective countries. However, equation (1)

shows that we can apply the concept of carry for any asset class like equities, bonds,

commodities or multi-assets in general. Since carry is a model-free concept that assumes

security prices to stay constant, we are in the position to directly quantify the carry of

any security in advance.

The carry decomposition of diverse asset classes

Before we elaborate on the respective asset classes, we want to shortly summarise a

unifying concept that is based on a futures contract in general: assume an investor invests

Xt of US$ capital today in order to finance a futures contract. Next period, t+ 1, the

value of the margin capital and the futures contract equal to Xt(1 + rft ) + Ft+1 − Ft,

where rft is the risk free interst rate today, earned on the margin capital. Therefore, the

total return per allocated capital over one period is

rtotal returnt+1 =
Xt(1 + rft ) + Ft+1 − Ft −Xt

Xt

=
Ft+1 − Ft

Xt

+ rft , (2)

and in excess of the risk-free rate we get

rt+1 =
Ft+1 − Ft

Xt

. (3)

If we now bear in mind that the futures price expires at the future spot price (Ft+1 = St+1)

and we further assume constant spot prices (St+1 = St) for a fully-collateralised position
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(Xt = Ft), we can easily define carry as

Ct =
St − Ft

Ft

. (4)

Equation (4) allows us now to elaborate on different asset classes in the following.

Currencies: we can define its carry as the foreign interest rate (rf∗t ) in excess of the

local risk-free rate rf , scaled by a discount factor of (1 + rf )−1

Ct =
St − Ft

Ft

=
(
rf∗t − rft

) 1

1 + rft
. (5)

Equities: the carry of an equity futures contract is simply the expected dividend yield

minus the local risk free rate, adjusted by a scaling factor St/Ft

Ct =
St − Ft

Ft

=

(
EQ

t (Dt+1)

St

− rft

)
St

Ft

. (6)

Commodities: the carry of commodities is just the convenience yield in excess of storage

cost adjusted by a scaling factor. However, in order to calculate the carry from equation

(4) we need the current spot price St. But as it is common knowledge, commodity spot

markets are often highly illiquid. To circumvent this issue, we are focusing on the slope

between two futurues prices of different maturity T1 and T2. In general, we write for the

no-arbitrage futures price F Ti
t = St(1+(rf − δ)Ti). Assuming that the price of the second

contract will converge to F 1
t after T2 − T1 and that the price of a T1-month futures stays

constant

Ct =
F 1
t − F 2

t

F 2
t (T2 − T1)

=
(
δ − rft

) St

F 2
t

. (7)

Fixed Income: in order to be consistent with other asset classes, we would like to

compute the bond carry by using futures data. However, there are only a few countries

with liquid bond futures contracts. Therefore, we derive synthetic futures prices based

on data on zero-coupon rates. In doing so, consider a 9-year-and-11-months zero-coupon

bond that gives the obligation for buying the bond in one months from now. The current

price of this one-month futures is Ft = (1 + rft )/(1 + y10Yt )10, where y10Yt is just the

current yield on a 10-year zero-coupon bond. The ”spot price” is easily computed as the

discounted 9-year-and-11-months zero-coupon bond, St = 1/(1 + y9Y 11M
t )9+11/12. Finally

we get for the carry

Ct =
St − Ft

Ft

=
1/(1 + y9Y 11M

t )9+11/12

(1 + rft )/(1 + y10Yt )10
− 1. (8)
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Strategy description

In the following we perform selected strategies that are all based on the same principle:

depending on the strategy, we have fundamentals or returns that are decisive for taking

the investment decision. For all strategies we have a zero investment portfolio, meaning

that we go long and short the respective securities (the 20% to 35% highest and lowest).

Carry trading strategy: the general idea behind this strategy is to go long securities

with a high carry and go short securities with a low carry. The portfolio is equally

weighted and rebalanced monthly.

Dynamic risk-weighting strategy this strategy is about finding a risk-balanced

portfolio such that the risk contribution is the same for all assets of the portfolio. This

idea goes back to Maillard, Roncalli and Teiletche (2009). We use dynamic risk weights

to look at the total risk contribution of an asset. Portfolio risk is the sum of total risk

contributions. As a simplification, we assume that we have equal correlations for every

couple of variables, simplifying the weighting formula to

xi =
σ−1
i∑n

j=1 σ
−1
j

. (9)

Eventually, we go long every asset but apply monthly rebalanced risk weights.

Momentum strategy: based on Jegadeesh and Titman (1993), this strategy consists

of investing in winners and going short losers. Winner stocks are defined as having the

highest moving average return over six months, while losers have the lowest moving

average over six months. Between measuring the moving average and investing, we

introduce a six month waiting period.

Value strategy: for currencies and equities, we also propose a value strategy that goes

back to Fama and French (1992 and 1993). The currency value strategy is based on the

relative purchasing power parity (PPP). We invest in currencies that are predicted to

increase based on the inflation rate of the two countries. We short currencies that are

predicted to decrease. For equities, we use P/E ratios. We invest in comparatively low

P/E indices and short high P/E indices. Again we propose a 6 month waiting period

before investing.

How to deal with heteroscedasticity and autocorrelation

Often, when performing regressions on time-series data, the error terms (or errors) are

not independent. So the errors are said to be autocorrelated when errors are correlated
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with each other. Moreover, time-series regressions are prone to have error terms that

vary or even increase with each observation. So the residuals do not share the same

variance and are therefore called to be heteroscedastic. Heteroscedasticity as well as

autocorrelation do not bias the OLS coefficient estimators but inference based on its

standard errors is not valid anymore. Therefore we perform a Ljung-Box test to check

for residual autocorrelation and a White test to test whether heteroscedasticity occurs.

In general, we find that there are some autocorrelated residuals that further suffer from

heteroscedasticity. Therefore we base the t-statistics of our OLS estimators on Newey and

West (1987) providing robust standard errors when autocorrelation and heteroscedasticity

are present.

General conclusions

Carry trading strategy: our performed carry strategy earns positive cumulative re-

turns for currencies, commodities and multi-asset. The pattern for carry trades is inverted

for equities and bonds (negative returns). Generally we are not able to achieve the Sharpe

ratios from the paper.

Dynamic risk-weighting strategy: the risk weighted strategy yields positive cumula-

tive returns in every asset class. We obtain almost the same weight as for the equally

weighted long passive portfolio, indeed they are often closely related.

Momentum strategy: the momentum portfolios yield positive cumulative returns for

currencies, equities, commodities and multi-asset. The momentum strategy does not

perform for fixed income securities.

Value strategy: the value strategy for currencies lead to flat returns and shows a major

dent during the crisis, after which it had a flat performance again. The value strategy

for equities had a small positive cumulative return.

In general our strategies perform relatively poorly. The highest achieved Sharpe ratios

are 0.29 for the carry strategy in multi-assets and 0.37 for the risk-weighted strategy for

commodities. Through our regressions, we find that carry is not a statistically significant

predictor of spot returns.
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Appendix I

References

Fama, E. F. and French, K. R.: 1992, The Cross-Section of Expected Stock Returns,

Journal of Finance 47(2), 427-465.

Fama, E. F. and French, K. R.: 1993, Common risk factors in the returns on stocks and

bonds, Journal of Financial Economics 33, 3-56.

Koijen, R. S. J., Moskowitz, T. J., Pedersen, L. H. and Vrugt, E. B.: 2012, Carry, Working

paper, University of Chicago, Booth School of Business, and NBER, Chicago, IL.

Maillard, S., Roncalli, T. and Teiletche, J.: 2010, The Properties of Equally Weighted

Risk Contribution Portfolios, The Journal of Portfolio Management 36(4), 60-70.

Newey, W. K. and West, K. D.: 1987, A Simple, Positive Semi-definite, Heteroskedasticity

and Autocorrelation Consistent Covariance Matrix, Econometrica 55(3), 703-708.

Appendix II

Figure 1: Currencies
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Notes: the figure shows the evolution of cumulated currency related returns of different strategies.
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Figure 2: Equities
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Notes: the figure shows the evolution of cumulated equity related returns of different strategies.

Figure 3: Commodities
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Notes: the figure shows the evolution of cumulated commodity related returns of different strategies.
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Figure 4: Fixed income

01 02 03 04 05 06 07 08 09 10 11 12 13 14
0.4

0.5

0.6

0.7

0.8

0.9

1

1.1

1.2

1.3

1.4

 

 

Carry Trade Portfolio
Risk−Based Portfolio
Momentum Portfolio
Passive Portfolio

Notes: the figure shows the evolution of cumulated fixed income related returns of different strategies.

Figure 5: Multi asset
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Notes: the figure shows the evolution of cumulated multi asset related returns of different strategies.
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