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1. Basic structure of the notes

• High-level summary of theoretical frameworks to interpret em-

pirical facts.

• Per asset class, we will discuss:

1. Key empirical facts in terms of prices (unconditional and

conditional risk premia) and asset ownership.

2. Interpret the facts using the theoretical frameworks.

3. Facts and theories linking financial markets and the real

economy.

4. Active areas of research and some potentially interesting

directions for future research.

• The notes cover the following asset classes:

1. Equities (weeks 1-5).

– Discount rates and the term structure of risk (week 1)

– The Cross-section and the factor zoo (week 2)

– Intermediary-based Asset Pricing (week 3)

– Production-based asset pricing (week 4)

– Demand-based asset pricing (week 5)

2. Mutual funds and hedge funds (week 6).

3. Volatility (week 7).

4. Government bonds (week 8).

5. Corporate bonds (week 9).

6. Currencies (week 10).

7. Commodities (week 11).

8. Real estate (week 12).
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2. Currencies

2.1. Some Basics

2.1.1. The Currency Risk Premium

• Assume that financial markets are complete.

• In each country, at each date, a representative investor has

access to

– A domestic bond that pays off one unit of domestic con-

sumption next period in all states of the world

– A foreign bond with return that pays off one unit of foreign

consumption next period in all states of the world

• The Euler equation for a foreign investor buying a foreign bond

with return R?
t+1 is:

Et [M
?
t+1R

?
t+1] = 1.

• The Euler equation for a domestic investor buying the same

foreign bond is:

Et

[

Mt+1R
?
t+1

St

St+1

]

= 1.

• St is the spot real exchange rate expressed in foreign goods

(“pounds”) per unit of domestic goods (“dollars”).

• Because the stochastic discount factor is unique in complete

markets, the change in the real exchange rate equals the ratio

of the two stochastic discount factors at home and abroad:

St+1

St
=

Mt+1

M ?
t+1

,
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• Given S0, the exchange rate at date 0, this equation describes

the entire path of S.

• In logs: Δst+1 = mt+1 − m?
t+1

• The exchange rate risk premium or currency risk premium

is the expected excess return of a domestic investor who bor-

rows funds at home, changes her currency to a foreign equiva-

lent, lends on the foreign market for a defined period and finally

reconverts her earnings to the original currency.

• In logs, the (realized) foreign currency excess return re
t+1 is

equal to:

re
t+1 ' r?

t − rt − Δst+1,

where rt and r?
t are respectively the domestic and foreign risk-

free real interest rates.

• The domestic investor has to repay rt but gains r?
t , and gains

if the foreign currency appreciates (Δs < 0) in real terms, or

equivalently the dollar depreciates, while her assets are abroad.

• Backus, Foresi, and Telmer (2002) show that the exchange

rate risk premium is equal to the half difference in conditional

variances of the two pricing kernels. Assuming log-normal

stochastic discount factors leads to:

rt = − log Et[Mt+1] = − Et[mt+1] −
1

2
V art[mt+1],

r?
t = − log Et[M

?
t+1] = − Et[m

?
t+1] −

1

2
V art[m

?
t+1].
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• The expected change in the exchange rate is then:

Et[Δst+1] = Et[mt+1] − Et[m
?
t+1]

= r?
t − rt −

1

2
V art(mt+1) +

1

2
V art(m

?
t+1).

• Thus, the currency risk premium is equal to:

Et[r
e
t+1] =

1

2
V art(mt+1) −

1

2
V art(m

?
t+1).

• When the domestic pricing kernel has relatively high condi-

tional variance, an investor who is long in foreign bonds will

receive a positive risk premium.

2.1.2. Uncovered Interest Rate Parity

• UIP: The domestic interest rate must be lower than the foreign

interest rate by an amount equal to the expected appreciation

of the domestic currency:

Et[Δst+1] = r?
t − rt.

• Put differently, the foreign currency risk premium is zero:

Et[r
e
t+1] = 0

• Test of UIP: Regression of exchange rate changes Δst+1 on in-

terest rate differential r?
t − rt should have a slope coefficient of

one.

• UIP requires risk-neutrality; it is the “expectations hypothesis”

of currency markets.

5



2.1.3. Forward rates and Covered Interest Rate parity

• Recall that St is the spot exchange rate expressed in units of

foreign currency per U.S. dollar.

• Ft is the 1-year forward exchange rate expressed in foreign cur-

rency per U.S. dollar. It is the exchange rate locked in at time t

at which one unit of the domestic currency ($) will be exchanged

for foreign currency (£) at time t + 1.

• By no arbitrage, the strategy of buying pounds, investing for

one period in foreign bonds, converting back to dollars and

hedging the exchange rate risk must make zero profits. This is

CIP. In logs:

r?
t − rt + st − ft = 0

or

ft = st + r?
t − rt

• The forward premium or forward spread is the forward rate

minus the spot exchange rate: ft − st. It equals r?
t − rt under

CIP.

• CIP relies on two assumptions:

– The domestic and the foreign currency deposit rates are

default-free.

– The forward contract has no counter-party risk.

• The foreign currency excess return can be written as:

re
t+1 = r?

t − rt − Δst+1 = (ft − st) − Δst+1
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• The currency risk premium (under CIP) is:

Et[r
e
t+1] = (ft − st) − Et[Δst+1]

• If UIP holds, Et[r
e
t+1] = 0, and the forward spread measures the

expected change in the exchange rate (expected appreciation

of the dollar):

Et[Δst+1] = ft − st

• The second test of UIP is to regress the realized change of the

exchange rate on the forward spread. UIP predicts the slope is

one.

• If (and only if) UIP holds, the forward rate is an unbiased esti-

mator of the expected spot rate:

UIP ⇔ ft = Et[st+1].

• Note that covered and uncovered interest rate parity can also

be tested at longer horizons. Let rt(h) be the yield on a h-period

government bond and ft,t+h be the h−period forward exchange

rate. Then CIP:

ft,t+h = st + r?
t (h) − rt(h)

• UIP implies:

Et[st+h − st] = r?
t (h) − rt(h) = ft,t+h − st
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2.2. Facts

2.2.1. The Failure of Uncovered Interest Parity

• Hansen and Hodrick (1980), Bilsen and Hsieh (1987) and Fama

(1984) test UIP by estimating a regression of exchange rate

changes on the difference between the forward (ft) and spot

exchange rate (st),

Δst+1 = α + β2(ft − st) + ut+1.

• If risk premia are constant, ft = Et(st+1) and β2 = 1 and R2 = 1.

• β2 is much smaller than 1 (significantly so), and in fact negative

for all 9 countries in the table. UIP strongly rejected!
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• UIP puzzle in words:

– Currencies where ft−st is high (r?
t −rt is high) are expected

to appreciate, but in fact depreciate.

– Currencies with higher than average interest rates tend to

gain in value relative to the domestic currency, rather than

lose value. Dollar depreciates rather than appreciating.

– Investors in foreign one-period bonds earn the interest

rate spread (known at time of their investment) plus a

bonus from foreign currency appreciation (dollar depre-

ciation) during the holding period, on average.

– ⇒ positive predictable excess returns for investments in

high interest rate currencies and negative predictable ex-

cess returns for investments in low interest rate currencies

• Due to time-varying risk premia or expectational errors (irra-

tionality)?

2.2.2. Deviations from CIP

• Even though it is a no-arbitrage relationship, there is evidence

that CIP was violated during the financial crisis. Garleanu and

Pedersen (2011) and Du, Tepper, and Verdelhan (2018).

• Garleanu and Pedersen (2011) show that CIP violations comove

with the TED spread, the spread between 3-month uncollater-

alized LIBOR and the 3-month T-bill rate. The TED spread is a

measure of funding illiquidity. Suggests limits to arbitrage or

slow-moving arbitrage capital.
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• However, Du, Tepper, and Verdelhan (2018) show that CIP vio-

lations occur at short horizons, making it a puzzle for classic

limits-to-arbitrage models that rely on long-term market risk

(Schleifer and Vishny, 1997).

• Moreover, they show that the violations persist long after the

financial crisis is over, and for the most liquid G10 currencies.

• Cross-currency basis rt − r?
t + ft − st, zero under CIP:

• Cross-currency basis is difference between USD rate from the

cash market and the synthetic USD rate obtained by swapping

foreign currency into USD. Close to zero before crisis.

• Not due to differential credit risk in say yen LIBOR vs. dollar

LIBOR; also holds using GC repo rates instead of LIBOR.
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• Investors can earn 0.11-0.18% per year, risk-free, in 2010-

2016. Strategy: borrow in USD (GC repo), invest in negative

basis currency GC repo (Japanese yen, Danish krona, euro).

Or, borrow in positive basis currency GC repo (CAD, AUD), in-

vest in USD GC repo. There is no exchange rate risk and no

credit risk in these transactions. Arbitrage = infinite SR.

• They argue the key culprit for the CIP violation is the interac-

tion of:

1. Balance sheet constraints that financial intermediaries face,

due to post-crisis regulatory reform (e.g., supplementary

leverage ratio, Volcker rule). CIP arbitrage trades make

leverage ratio requirements more binding.

2. International imbalances in investment demand and fund-

ing supply across currencies (e.g., persistently high net

demand for NZD and AUD and high net supply of JPY).

Accounted for by imbalances in savings and investments

across countries.

• Costs prevents intermediaries from arbitraging away the prof-

its.

– Smoking gun: quarter-end anomaly. Investors pay more

attention to regulatory constraints at quarter-end.

– One-month CIP deviations increase exactly one month be-

fore quarter end, when the one-month forward has to ap-

pear on quarter-end balance sheet (”treated”). Three-month

CIP trade needs to appear on quarter-end report regard-

less of when it is executed (”control”).

– Diff-in-diff: banking regulation causally affects asset prices.
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2.2.3. Cross-sectional Predictability

Carry

• Since Lustig and Verdelhan (2007), it is common to form port-

folios of countries/currencies, based on the interest rate dif-

ferential/forward spread.

• Carry is defined as the return if market conditions do not change.

In this case, it means that the exchange rate does not change.

The carry return is then given by

Ct =
St

Ft
' r?

t − rt.

• Hence, when the carry is high (that is the foreign interest rate

is high compared to the US interest rate), the dollar is expected

to appreciate (S expected to increase).

• In the data, we find that the currency does not appreciate

(=failure of UIP). The carry trade makes money (high SR).
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• Many papers study the currency carry strategy, see for in-

stance Burnside, Eichenbaum, Kleshchelski , and Rebelo (2021),

Lustig, Roussanov, and Verdelhan (2011), and Koijen, Moskowitz,

Pedersen, and Vrugt (2018) for a recent update, alongside carry

strategies in other asset classes:

• Foreign currency excess return is 5.3% per year (for developed

markets). The Sharpe ratio is 0.68. Carry factor.

• A simple equally-weighted portfolio of the same currencies earns

only a 2.9% return and a Sharpe ratio of 0.36. Dollar factor.

• Carry strategies generally earn high Sharpe ratios. Moreover,

these strategies are independent. Gains from diversification!

Global carry factor across all asset classes has SR of 1.2.
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• An important feature of the currency carry trade that received

significant attention is the negative skewness, or currency crashes.

Investing in carry trade is like “picking up nickels in front of a

steam roller.”

• See in particular Brunnermeier, Nagel, and Pedersen (2008).

• Skewness (under P and Q) and interest rate differentials:
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Momentum and Value

• Momentum is defined analogously to equities, based on cur-

rency excess returns between 12 and 2 months ago.

• Value is defined as deviation from UIP over past 5-years. (Recall

our discussion of value as akin to long-term reversals.) Cur-

rent spot exchange rate compared to exchange rate 5-years ago,

taking into account interest earned using 3-month LIBOR. Es-

sentially a measure of changes in purchasing power parity.

• Asness, Moskowitz, Pedersen (2013) study momentum and value

for currencies, alongside many other asset classes.

• Currency value and momentum strategies have annual returns

of 3.3% and 3.5%. The 50-50 combo has a Sharpe ratio of 0.63.
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• Strategy that goes long in currencies with strong economic mo-

mentum (high real growth or low inflation in past 60 months)

and short currencies with weak economic momentum gener-

ates significant alpha, after controlling for carry, value, and

return momentum strategies (Dahlquist and Hasseltoft, 2020).
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2.2.4. Time-Series Predictability

• In addition to cross-sectional predictability, Lustig, Roussanov,

and Verdelhan (2014) study the dollar carry trade, which is

a time-series predictability strategy different from the cross-

sectional high-minus-low portfolio carry strategy.

• In this case, we compute the average interest rate in developed

markets and compare it to the US risk-free rate. If the foreign

average short rate is higher, then we buy all currencies and

borrow in the US, and vice versa.
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• They develop a no-arbitrage model to reconcile these findings.

• When the volatility of the U.S. SDF is high, U.S. short-term

interest rates tend to be low relative to the rest of the world,

because of large precautionary savings and increased demand

for dollar liquidity. We then go long foreign currencies.

Et[r
e
t+1] =

1

2
V art[mt+1] −

1

2
V art[m

?
t+1]

• U.S. investors in the dollar carry strategy are long in foreign

currencies and short in the dollar when the U.S. SDF is more

volatile than foreign SDF. This strategy is risky, because the

dollar appreciates in the case of a bad shock to the U.S. pricing

kernel, when its volatility is higher than abroad.

Recall: ↑ Δst+1 =↑ mt+1 − m∗
t+1.

• See Hassan and Mano (2019) for more on the link between the

failure of uncovered interest parity, the cross-sectional carry

trade, and the dollar carry trade.
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2.3. Interpreting the Facts

2.3.1. Factor Models

• Lustig, Roussanov, and Verdelhan (2011) propose a 2-factor

model with the dollar factor (equally-weighted average of all

currencies, level factor) and a carry factor (slope factor) to

explain the cross-section of currency returns.

• They start from 6 portfolios sorted on the forward discount

ft − st = r?
t − rt (under CIP):
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• The first principal component loads equally on all portfolios.

It’s a level factor. It is a dollar factor.

• The second principal component is a slope factor. Construct

HMLFX factor that goes long the countries with high inter-

est rates (portfolio 6) and short the countries with low interest

rates (portfolio 1). This is the carry factor.

• These two factors account for 82.3% of the variation in cur-

rency returns in all countries and 88.4% in developed markets.
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• The 2-factor model does a good job explaining the excess re-

turns on the 6 currency portfolios. Here are the market prices

of risk from the second stage of the Fama-MacBeth/GMM:

• Of course, the cross-section is relatively small for currencies.
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• Economic interpretation of these facts in Verdelhan (2018):

SDF must exhibit at least two global shocks that are priced.

– High interest rate (high HMLFX beta countries) countries

offer high returns because they are exposed more to global

shocks priced globally, for example global volatility on eq-

uity markets. When there is a bad global shock, these

currencies depreciate. This makes the carry trade risky.

– An investment strategy that is long high-dollar beta coun-

tries and short low-dollar beta countries when U.S. in-

terest rates are lower than the world average (and vice

versa otherwise) also earns excess returns. High dollar-

beta countries have low country-specific volatility. Their

currencies depreciate in times of bad global shocks, a sec-

ond source of aggregate risk.
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• Tessari (2020) argues that the carry trade can be understood

from different exposures of currencies to the common idiosyn-

cratic volatility in currencies.

Recall our discussion of the CIV factor in equity markets (Her-

skovic, Kelly, Lustig, and Van Nieuwerburgh, 2016)

– Form idiosyncratic currency returns using a factor model

(e.g., principal components, or dollar and carry factors)

– CIV factor is first PC of these idiosyncratic (=country-specific)

currency volatilities

– Sort currencies on CIV-beta. High interest rate currencies

have negative CIV betas. Market price of CIV shocks is

negative. This produces a positive excess return for high

rate countries.

– In incomplete markets model, investors cannot diversify

country-specific currency risk away. When international

risk sharing deteriorates (CIV is high), these high-interest

rate currencies appreciate, and result in low carry trade

returns.

– Effect is separate from effect of shocks to global market

volatility in currencies (Menkhoff, Sarno, Schmeling, Schrimpf,

2012)
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2.3.2. Consumption-based Models

Three puzzles in the CCAPM

• 2 countries, a representative agent in each country with CRRA

utility, each consumes its endowment stream

• SDF: M i
t+1 = β

(
Ci

t+1

Ci
t

)−γ

or mt+1 = log β − γΔct+1.

• Consumption growth has same constant mean and variance

across countries.

• CCAPM implies UIP puzzle

– 1
2V art(mt+1) = γ2σ2

c

2 = 1
2V art(m

?
t+1)

– Et(r
e
t+1) = 0; no currency risk premium

– Et[Δst+1] = r?
t − rt: UIP holds

– Generalized version of UIP if consumption variance differs:

Et(r
e
t+1) = γ2

2 (σ2
c − (σ?

c )
2); constant currency risk premium

(and small unless γ is large)

• Under complete markets, real exchange rates St satisfy:

St+1/St =
(Ct+1/Ct)

−γ

(
C?

t+1/C
?
t

)−γ

• In logs:

Δst+1 = γ (Δc?
t+1 − Δct+1)
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• Hence, CCAPM implies perfect positive correlation between Δst+1

and Δc?
t+1 − Δct+1.

– Under perfect risk-sharing, countries with relative low prices

should receive a transfer to take advantage of cheap con-

sumption. Dollar appreciation: consumption growth in

UK should be higher.

• But in the data, this correlation is close to zero or even negative

• This is the real exchange rate anomaly or Backus-Smith puzzle

(Backus and Smith, 1993).

• Variance of real exchange rate changes:

V ar (Δst+1) = V ar (m?
t+1) + V ar (mt+1) − 2Cov (m?

t+1,mt+1)

• Solving for the correlation of SDFs:

Corr (m?
t+1,mt+1) =

1

2

V ar (m?
t+1) + V ar (mt+1) − V ar (Δst+1)

Std (mt+1) Std
(
m?

t+1

)

• In the data:

– Std
(
mUK

t+1

)
≈ .37 and Std

(
mUS

t+1

)
≈ .39 to explain equity re-

turns (setting max SR = equity SR)

– Std (Δst+1) = .11

– These imply Corr (m?
t+1,mt+1) = .96
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• In the CCAPM with CRRA preferences:

V ar (Δst+1) = γ2 [V ar (Δc?
t+1) + V ar (Δct+1) − 2Cov (Δct+1, Δc?

t+1)]

• Under symmetry and no correlation between consumption growth

this simplifies to

Std (Δst+1) =
√

2γσc

• For γ = 5 and σc = .015, Std (Δst+1) = .11, which matches the

observed volatility of real exchange rate changes.

• But, CCAPM implies Corr(m,m?) = Corr(Δc, Δc?) ≈ 0.2, missing

completely on the high correlation across countries in asset

prices. This is the correlation puzzle of Brandt, Cochrane, and

Santa Clara (2006).
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Extending and rescuing the CCAPM

• Lustig and Verdelhan (2007) augment the CCAPM with Epstein-

Zin preferences and split consumption into a durable and non-

durable component.

• In context of equity pricing, Yogo (2006) shows that durable

consumption is much more cyclical than non-durable consump-

tion. This feature is important also for currency risk premia.
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• Implies linear three-factor model, estimated by Fama-MacBeth:

E[Rj,e] = b1cov(Δct, R
j,e
t ) + b2cov(Δdt, R

j,e
t ) + b3cov(rw

t , Rj,e
t )

• Main table for the cross-section of currency portfolios:

• Conclude that aggregate U.S. (durable) consumption growth

risk explains a large fraction of average currency excess re-

turns. High interest rate currencies, while appreciating on av-

erage, depreciate when U.S. durable expenditure growth is low.

This makes them risky and investors require a risk premium

for holding them.
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External Habit Model

• Verdelhan (2010) shows that external habit model in both coun-

tries can generate observed deviations from UIP, alongside eq-

uity risk premium and risk-free rate. Resolves UIP puzzle.

• Difference in surplus consumption-ratios across countries pre-

icts future currency excess returns.

• Requires pro-cyclical real interest rates, which implies down-

ward sloping real yield curve.

• Does not resolve Backus-Smith or correlation puzzles.

Long-run Risk Model

• Colacito and Croce (2011) write down long-run risk model with

Epstein-Zin preference in both countries.

• Long-run consumption growth component nearly perfectly cor-

related between countries.

• This ensures high correlation between SDF without high cor-

relation between consumption growth, because transitory con-

sumption growth components are not highly correlated and ac-

count for a large share of overall consumption growth fluctua-

tions.

• Resolves correlation puzzle. Backus-Smith puzzle mostly un-

resolved however.

• Model has no time-varying consumption growth volatility, there-

fore constant risk premia, and UIP puzzle holds.

30



• Bansal and Shaliastovich (2013) add time-varying consumpb-

tion growth volatility to resolve UIP puzzle. Differences in con-

sumption growth volatility across countries predict currency

excess returns. Their model matches simultaneously the vio-

lation of expectations hypothesis and UIP puzzles in bond and

currency markets.

• Colacito and Croce (2013) add international trade to the inter-

national LRR framework. The model endogenously generates

consumption growth volatility, and resolves UIP, correlation,

and Backus-Smith puzzles!

• Colacito, Croce, Gavazzoni, and Ready (2018) show that one

needs heterogenous exposure to long-run growth news shocks

in a LRR framework to explain the mean of the HMLFX factor.

Variable rare disasters

• Farhi and Gabaix (2016) write down two-country model with

time-varying probability of rare disasters, and generate viola-

tions from UIP.
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2.3.3. Financial Frictions in Currency Markets

• There is a longer literature focusing on microstructure issues

in the currency literature. See for instance Evans and Lyons

(2002).

• Gabaix and Maggiori (2015) propose an interesting model with

financial frictions, where portfolio flows matter for the level and

volatility of exchange rates.

• We already mentioned the Garleanu and Pedersen (2011), He,

Kelly, and Manela (2017), and Du, Tepper, and Verdelhan (2018)

all of which relate the cross-section of currencies to variables

capturing intermediary capital scarcity/stress.
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2.3.4. Scapegoat Theory of Exchange Rates

• Bacchetta and Van Wincoop (2004) present a scapegoat theory

of exchange rates.

• The main motivation is the weak link between exchange rates

and macro-economic fundamentals (Backus-Smith puzzle).

• In addition, to the extent that macro-economic fundamentals

matter, different fundamentals matter at different points in

time.

• To reconcile these findings, they propose an explanation using

a noisy rational expectations model, where investors have het-

erogeneous information on some structural parameter of the

economy.

• There may be rational confusion about the true source of ex-

change rate fluctuations, so that if an unobservable variable

affects the exchange rate, investors may attribute this move-

ment to some current macroeconomic fundamental.

33



2.4. Other Areas

• There is a huge literature in international finance on all kinds

of topics that have a link to asset pricing, and that are worth

exploring:

• Some examples:

1. The link between capital flows and risk premia, see Gour-

inchas and Rey (2007).

2. International portfolio holdings, see Garleanu, Panageas,

and Yu (2015).

3. The link between commodities and currencies, see Ready,

Roussanov, and Ward (2017).

4. The special role of the dollar as a global reserve and in-

voicing currency, see Maggiori, Neiman, Schreger (2020),

Jiang, Krishnamurthy and Lustig (2021), Gopinath and

Stein (2021)

5. Explaining contemporaneous movements in exchange rates:

Verdelhan (2018) shows that we can explain about 60%

of the variation in exchange rate changes using the con-

temporaneous Dollar and Carry factor returns.
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