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Observation #1: international investment strategies help us in identifying the
distribution of risk across countries.

Observation #2: What do we learn from carry strategies involving long-term
bonds?
— Heterogeneity in exposure to long-term growth and inflation risk.

Fact: Lustig et al (2019) find no carry when targeting long-term bonds
— Possible interpretation: no heterogeneity over the long-run
< Our view: the carry/heterogeneity is concealed
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Empirical Contribution #1

In G10-country data:

> Slope Carry: borrow (invest) for 1 month in the 10y-bond of the
currency with a flat (steep) yield curve
e Excess return is:

% slightly negative before 08/2008 (=~ —0.13%)
% strongly positive after 08/2008 (=~ +6.17%""")
% concealed unconditionally (= +2.62%)

e Portfolio composition changes before and after 08/2008

» Traditional Carry: Average excess return shrunk sizeably over time
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Theoretical Contribution

» We study an international macrofinance model to rationalize our results.

» Two key dimensions:
1. Heterogeneous exposure to global growth news shocks

= Explains/Drives for the Traditional Carry

2. Heterogeneous exposure to shocks

=Explains/Drives the

» Negative news shocks to global growth and inflation —
(i) traditional carry declines
&

(ii) slope carry premium increases.
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Empirical Contribution #2

Using G10-country data, we provide novel evidence:

P> There exists significant heterogeneity in exposure to global inflation
news shocks

P heterogeneous exposure to global inflation news 7£ heterogeneous
exposure to global growth news

> 2008-2018: expectations for global growth & global inflation |

NOTE: we use these results to discipline the calibration of our model (it's an
‘input’ in our model).
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Our Contribution: Studying Heterogeneity
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Literature Review

» Traditional FX Carry: among others, Lustig, Roussanov, Verdelhan
(2011), Della Corte, Sarno, and Tsiakas (2011), ...

e Here: sizable decrease in its profitability

» Slope FX Carry: among others, Ang and Chen (2010), Lustig,
Stathopoulos, Verdelhan (2019), ...

e Here: distinct pattern in dynamics and portfolio composition

» Macrofinance models of international finance: among others, Bansal
and Shaliastovich (2013); Colacito, Croce, Gavazzoni, Ready (2018)
Lewis and Liu (2014), Zviadadze (2014) ...

e Here: Heterogeneity in the exposure to both global growth and
inflation long-run risk to explain empirical evidence



FX Excess Returns



Data

» Countries: G-10 most liquid currencies (AUS, CAN, GER, JPN, NZD,
NOR, SWE, CHF, UK, US)

» Period: January 1995 - May 2018

» We split the sample in July 2008

e Results are robust to different month's selection
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2 3 3-1
(flat) (steep) (steep — flat)

Whole Sample

Mean 4.08 2.01 6.69

Sharpe Ratio 0.38 0.20 0.66

Pre-08/2008

Mean 6.42 3.67 6.29

Sharpe Ratio 0.67 0.37 0.58

Recurrent countries: UK (75%)  Jpn (43%)  Jpn (55%)
Aus (72%)

Post-08/2008

Mean 1.05 —0.15 7.22
Sharpe Ratio 0.09 —0.01 0.79
Recurrent countries:  Aus (75%) UK (76%)

Jpn (78%)




Slope Carry In A Chart (Cumulative Returns)

Cumulative Return of slope carry
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Traditional Carry

1 2 3 3-1
(low) (high) (high — low)
Whole Sample
Mean —2.03 —0.05 2.90
[2.36]
Sharpe Ratio —0.24 —0.01 0.28 0.48
Pre-08/2008
Mean —3.24 2.44 4.88 8.12
3.25]
Sharpe Ratio —0.36 0.35 0.67 0.89
Recurrent countries:  Jpn (100%) UK (34%)  Aus (90%)
UK (66%)
Post-08/2008
Mean —0.47 —3.28 0.32
[0.23]
Sharpe Ratio —0.06 —0.38 0.02 0.07

Recurrent countries:  Jpn (63%) UK (94%)  Aus (100%)




Global News Shocks



Macro Expectations

» Source:

1. OECD (2020), Real GDP forecast indicator
2. OECD (2020), Inflation forecast indicator

» Sample:

1. Real GDP: 1961-2018
2. Inflation: 1991-2018

» Definition of global expectations:

- GDP weighted average of expectations across G-10 countries



The decline in G10 macro expectations

» Expected Global Real GDP growth: xc
» Expected Global Inflation: x.

Expected Real GDP growth rate
o

1995 1998 2001 2004 2007 2010 2013 2016
time

——Expected Real GDP growth rate (left) ——Expected Inflation (right)

Expected Inflation
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Exposures

Focus on Aus, UK, and Jpn:
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Exposures

Focus on Aus, UK, and Jpn:

AGDP : ppr—pgass  — 1017 Bl — ek = 0.74**
(0.21) (0.30)
Inflation : B — B3 = 0.70** vk _ gien — (0.54**
(0.33) (0.27)
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Model
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Consumption and Inflation

» Country-specific exposures to expected global growth and inflation

C
Acitr1 = i+ 07 X + 0N g1

v
Tit+1 = Mix T+ * Xmt + Oxit41,

- Median country: gf =37 =1

» Global components co-move:

[ X7'r,t :| |: P O :| [ X‘rr,tfl :| |: Ox,m 0 :| |: Em,t
= : +
Xe,t Pc Xe,t—1 0 Ox,c Ec,t
N—— N—— N——
Xt K >

- per governs the correlation between expected growth and inflation
(per < 0)

» i+ shocks are orthogonal within and across countries



Extended Model

In the manuscript, we also study:

e EIS # 1: results on carry returns improve

e Demand shock: Global inflation news shocks explain a moderate share of
the variance of local yields (10%) and FX variation (25%)
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» Expected real growth and have prices of risk with
opposite signs when pc. < 0:

6° (1= 9) pex
(1 —6px)(1—dpc)

» The prices of global news shocks depend only on 5

> Ei[mj1] = m¥ — Bfxc.t — BT xx.t, key drivers of the yield curve
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Slope and Excess Return

» Affine term structure model: yields are linear xc: and xx +
» Focus on infinite maturity slope:

c

oo I T
slope;; = slope;” — B; - Xc,t — Bi * Xt

» Excess return of holding for one period the infinite maturity bond of
country i (in the base country, Bc = B = 1):

log B [RX(%1] = log £ [RX(0us]
—_—
FX Risk (Traditional Carry)
\Ljic |: kfco'zc - Pcr kfﬂo'fw :| /B:Tr ks7r0'>2<7r
L=pc  (1—=p)(1—pr) 1—pr
Interest rate risk (Growth) Interest rate risk (Inflation)

» Notice: Quantitatively, the inflation risk channel dominates
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Slope Carry: Conditional Exposures

» Consider two countries, H and L, with (85 — %) >0

» Quantitatively, spread in slopes is driven by spread in f3:'s:
slopey, — slopel =~ — (BY — BE) - xr.t
> Xt < 0 (Post 08/08) — the ‘Steeper’ portfolio comprises High-Bx

countries

< Xx,t > 0 (Pre 08/08) — the Steep portfolio comprises Low-3~ countries

» Conditional risk premium:

E[carry®|xx,:] := logE: [RXs341] — log E: [RXS511]
. keno?,
~  —sign(xee) (Bx — Bx) 777
~——— 1 — P=n
>0 >0

» Unconditional risk premium: null! (Lustig et al 2019)
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Model Simulation

» We simulate the model for 100 quarters. Consistent with the empirical
evidence:

1. In the first half of the sample x. and x, are above average

2. At the breakpoint, x. and x, drop to the new lower average

3. In the second half of the sample, xc and x. remain around new
lower average

» Calibration of preference parameters: standard
» Cross-section of Sc and (8 consistent with the data

» Implied level and slope of the YCs as in the data



Slope Carry: Portfolio Exposures

» Spread in portfolio betas: (P3 — P1)

Exposure to Long-Run Growth Risk

Exposure to Long-Run Inflation Risk
08 08
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Results

Traditional Carry Slope Carry
Data Model Data Model

E(carry) (Full Sample) 4.93 2.35 2.62 2.05
(2.09) (2.24)

E(carry) (Post-08/07) 0.79 0.88 6.17 7.36
(3.43) (3.32)

E(sorting var) P3 - E(sorting var) P1 4.02 1.85 1.52 1.73
(0.07) (0.03)

E(sorting var) P3 - E(sorting var) P1 (Post-08/08) 2.93 1.47 1.24 1.94
(0.07) (0.04)

E(AFX) P3 - E(AFX) P1 0.76 0.53 0.85 2.21
(0.61) (0.59)

E(AFX) P3 - E(AFX) P1 (Post-08/08) —2.66 —0.53 3.49 3.80
(1.02) (0.99)

E(Bc) P3 - E(Bc) P1 —0.68 —0.16 0.14 —0.06

E(Bc) P3 - E(B¢) P1 (Post-08/08) —0.64 —0.05 —0.26 —0.20

E(Bx) P3- E(8x) P1 —0.09 0.30 0.04 0.15

E(Br) P3- E(Bx) P1 (Post-08/08) —0.35 —0.04 0.27 0.55
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e Slightly negative before 08/08
e Strongly positive afterwards
e Different composition of countries per/post 2008

» The average excess return Traditional Carry shrinks after 08/08



Conclusion

» The Slope Carry shows a distinct pattern:

e Slightly negative before 08/08
e Strongly positive afterwards
e Different composition of countries per/post 2008

» The average excess return Traditional Carry shrinks after 08/08

» We reconcile these facts with a macrofinance model featuring a novel
dimension: heterogeneous exposure to global inflation news shocks

Thank you!
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Calibration

Description Parameter Value Estimate/
Moment

Subjective discount factor 0 0.997 Avg.; [E(r1)]
Risk Aversion 10 E(carry®)
Cross-country average consumption growth fc 0.49% 0.54%
(0.05%)

Volatility of cons growth short-run shock oc 0.46% Avg.;[o(Ac)]
Volatility of cons growth long-run shock Oxc 0.11% Avg.; [ACFi(Ac)]
Autocorr. cons growth long-run risk Pe 0.810 0.570
(0.110)

Cross-country average inflation growth e 0.25% 0.41%
(0.05%)

Volatility of inflation short-run shock on 0.55% Avg.; [o(7)]
Volatility of inflation long-run shock Oxn 0.11% Avg.; [ACFy(7)]
Aucocorr inflation long-run risk pr 0.988 0.910
(0.040)

Cons growth / inflation long-run feedback Per —0.050 —0.050

(0.030)




Macro Moments

X-sec mean

X-sec vol / X-sec mean

Estimate (s.e.) Model Estimate (s.e.) Model
E(Ac) 2.22 (0.14) 264 0.34 (0.04) 0.15
o(Ac) 1.05 (0.09)  0.97 0.26 (0.05)  0.04
Autocorr(Ac) 024 (0.09)  0.42 017  (0.04) 0.6
E(n) 1.70 (0.15) 0.9 0.41 (0.06)  0.39
o(m) 1.02 (0.15) 184 0.22 (0.04) 024
Autocorr(r) 0.14 (0.11) 053 0.18 (0.04) 035




Average Yield Curves

Table: Unconditional Levels and Slopes

Country Be Br Short Rate Slope
AUS 0.48 0.87 4.94 1.34
CAN 0.90 0.50 3.75 1.33
GER 0.50 1.30 5.33 1.39
JPN 0.80 0.50 3.95 1.29
NOR 0.78 0.52 4.00 1.36
NZL 0.47 1.00 5.09 1.32
SWE 0.48 1.45 5.52 1.05
SWI 0.47 1.30 5.39 1.16
UK 0.50 1.50 5.53 1.15
us 1.00 1.00 4.06 3.75

Notes - This table reports the unconditional mean of the short-term rate
and the yield curve slope for our 10 countries.



Traditional Carry: Risk Free Rate and Excess Return

» One-period risk free rate
rll,t =ri+ ﬂiCXC,t + Biﬂxmt

where

Fom (et ) —tlogs— (L_1)2_ 1
Fi = (fic + i) — logd (2 6)0‘: 50r

» We spread the unconditional level of the one-period risk free rates using
country specific pjc and fir c

» Excess return
> We set

pie = T+ A(1—pB)
Pre = fip — (1= Br)

» High . countries usually have low risk-free rates

» High 8! countries usually have high risk-free rates



Extended Model

Panel A: International Moments

Traditional Carry Slope Carry

Demand shock yes yes no yes yes no
Demand shock downward jump yes no - yes no -
E(carry) (Full Sample) 1.17 1.17 1.63 1.08 1.08 4.12
E(carry) (Post-08/07) 0.09 0.09 0.35 563  5.63  9.61
E(sorting var) P3 - E(sorting var) P1 1.69 1.69 1.75 1.65 1.65 1.80
E(sorting var) P3 - E(sorting var) P1 1.39 1.39 1.39 1.82 1.82 2.18
(Post-08,/08)
E(AFX) P3 - E(AFX) P1 —0.50 —0.50 —0.10 1.66 1.66  2.15
E(AFX) P3 - E(AFX) P1 (Post-08/08) —1.27 —1.27 —1.02 270 270  3.44

Panel B: Local Moments

Share of volatility due to inflation hpr>°® Slope AFX

With demand shock 9.5% 60% 25%

Without demand shock 79% 82% 28%




Extended Model

> Utility:

1
1-1 ) =

1 -—=
Ui = (1= NG, ¥ + 06 [UlL] T

=

» Demand shock:

AXti1 = log(Ae11/Ne) = Xd,t = paXd,t—1 + Ox,d€d,t

» SDF: 0
miiy = 0logd + 0AN 1 — EACi,tJrl +(0 = 1)rien

» We are agnostic about the exposure of each country to global demand
shocks



a) Gross returns, 7/2008 breakpoint

Traditional Carry Robustness
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j) Log returns, Japanese yen base currency, equal-weighted portfolios

15.000
10.000
5.000
0.000
-5.000
-10.000

15.000
10.000
5.000
0.000
-5.000
-10.000

15.000

15.000
10.000 10.000

i o S o O O = I

. - T ]
== 0.000 —_— 0000 L—1 [ ||

1 2 3 31 -5.000 1 2 3 * -5.000 1 2 3 31

-10.000 -10.000
Whole Sample Pre Post
k) Log returns, British pound base currency, equal-weighted portfolios

15.000 15.000
10.000 10.000
- 5.000 5.000
e N I = 0000
1 2 3 31 -5.000 -5.000
-10.000 -10.000

Whole Sample

Post.




Slope Carry Robustness (Cumulative Returns)
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The decline is not limited to 2008-2009

95-07 08-18 09-18 10-18 11-18
Expected GDP (G10) 2.74 1.42 1.57 2.09 2.00
(change relative to 95-07) - (-1.32)  (-1.17)  (-0.65)  (-0.74)
Expected Inflation (G10) 1.92 1.59 1.43 1.57 1.58
(change relative to 95-07) - (-0.33) (-0.49) (-0.35)  (-0.34)

» Substantial decline even after excluding 2008-2009

» Persistent decline in expected inflation is remarkable, given that
most G10 countries have an inflation target of 2%



Alternative Measures of Global News

Highly correlated results when we consider:

1. AR model (Core/Headline)
2. Unit-root model (Core/Headline)

3. Phillips curve (Core/Headline): use past unemployment and inflation

as opposed to the OECD forecasts. All models are estimated at the
country-level.



Zero Lower Bound

Setup. We assume that the payoff of a one-period bond is

FVigp=1- H{f:”ZL} +exp{—kt - (mey1 + )} - H{*{‘<L}

where rt” is the unconstrained risk-free rate in the absence of a lower bound, r denotes the lower bound on the
interest rate, and
r—rf

k = >0 E¢[m;y1] + ! ( )

t=————20, ar=—FEm1 —r—r)-
Vi [meqa] 2

It is straightforward to show that:

E¢ [FViesilry <r] = E¢ [FVeqalry > 1] =1.

Price of a one-period bond. The price of the one period bond is

P} = E¢[exp {mes1} FVey1)

which depends on the current state of the economy:

u H u
1 exp Efrt}, ifry >r
P :{ =

¢ exp { (1 — ke)Ee [mea] + 3 (1 — ke)? Vi [mega] — kra:} , ifr <r

The log-expected return on the one period bond is



Traditional Carry with ZLB

log Ec [RX} 00| —log Ee [RXhen | = (62— L) [Keole 4+ kool

+ (actual — shadow) r}

— (actual — shadow) r{

1. Same FX premium as away from ZLB
2. Additional premium if investment currency is at ZLB (1)
3. Additional premium if funding currency is at ZLB ()
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Traditional Carry with ZLB

log Ex [RXicsn| — log B [RXh.en] = (52— 8L) [Keok 12,02, ]

(actual — shadow) r{

» Funding currency is usually at ZLB

» Traditional carry declines



Slope Carry with ZLB
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Slope Carry with ZLB

E; [RXs‘f,H_l] = E.exp {—rg;,t + hpr,?if’lb + (fhprkft‘“fc + mft,1> - m$yt+1}



Slope Carry with ZLB

fes) >0, zIb >0, UNc P
E; [RX$k,t+1] = E eXP{—fis,t + (hpr“ 1 — hpr oo ) + My 1 — m$,t+1}



Slope Carry with ZLB

[ 0, zIk 0, unc P
E, [RXfﬁHJ = FE;exp {—I‘&t + (hprw L — hpr o ) + My 1 — m$,t+1}

Can we make the argument that the two hpr's cancel out?
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Why do MPR's only depend on 3.7

Cc C
ACi,i:+1 = Wjc+ /8; “Xe,t t+ Ocl)j t+1
e T
Tit4l = fig +B7  Xep + Onlit+1s
where
Xt _ Pr 0 . X t—1 =+ Ox,m 0
Xe,t Per Pc Xe,t—1 0 Ox,c

» Real SDF depends on shocks to real expected growth
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Why do MPR's only depend on 3.7

ACi,1:+1 = Wjc+ 3,6 “Xe,t + UcniH—l
Tit+1 = Mix + B,ﬂ © Xt + U‘n'nl?,rt+la
where
Xt _ Pr 0 . X t—1 =+ Ox,m 0
Xe,t Xe,t—1 0 Ox,c
» Real SDF depends on to real expected growth

» Exposure depends on f3.
> Nominal SDF: mj 1 = m | — mj 111

MPR does not depend on 3/

» Only E;[mjt11] = M — Bixc: — Bixy+ depends on both B3I and 3.
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» Complete markets: Aeys—j 11 = Mj 141 — Mys 141

when mj ;11 is high, country j's currency appreciates

> FX return:
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» Nominal SDFs:
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(i) country-specific vol of short-run inflation risk

(i) 17, correlated across country or with global shocks



Why does traditional carry only depend on 3.7

» Complete markets: Aeys—j 11 = Mj 141 — Mys 141

when mj ;11 is high, country j's currency appreciates

> FX return:
log E¢ [RXJ_j r41) = Vi [Mus.e1] —
safe currency: appreciates (mj 41 1) in bad times (mys t+1 1)

» Nominal SDFs:

c i T
mjty1 — E; [mi,t+1] = —kncacni,tﬂ - Bﬂknﬁaﬂni,t+1
7f3fksco—xc + fgicksTrUXﬂ

only depend on /37
FX return would depend on f3! if
(i) country-specific vol of short-run inflation risk

(i) 17, correlated across country or with global shocks

Effect quantitatively small
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Affine term structure model:

_ 1—pn Per 1—pa
= +p —— - x —}—(f—kﬁf ) T Xp
t n(l—pc) of v 1—pc n(l—px) !
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1. Negative real growth shock (xc; J): SDF 1, yield |, HPR 1

Investing in high /¢ currencies is safe

2. Positive inflation shock (%, 1): SDF 1
2.1 B7: yield 1, HPR |
Investing in high 87 currencies is risky
2.2 ¢ expect lower growth at t + 1 (p.r < 0), yield |, HPR 1

Investing in high /¢ currencies is safe



Slopes and Global Expectations

We estimate this equation using the slopes of our 10 countries:

Yij120,t — Yi3,t = (*9;&0*63 +0.090 - 5i,y> - Et [Aygio,e] + (*8;2*67 — 0,100 - Bi,ﬂ) - Et [Amgio,e] + &k,
Main results:

1. In the time-series, inflation news are quantitatively dominant

2. In the cross section, heterogenous exposure to inflation news (53i,r)

dominates
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