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A.1 FURTHER DETAILS FOR THE MAIN BODY OF THE PAPER

A.1.A A More Abstract Version of the Market Structure

It may be useful to have a more abstract presentation of the basic model. We focus on the US side, as the
Japanese side is entirely symmetric.
For generality, we present the monetary model, and then show how the real model can be viewed as a
special case of it. We call
c = (CH, Cp, CNT/ M, 0, 0) ’

the vector of consumptions of Cy US tradables, Cr Japanese tradables, Cyt US non-tradables, and a quan-
tity M of US money, respectively. The last 2 slots in vector c (set at 0) are the consumption of Japanese
non-tradables, and Japanese money: they are zero for the US consumer. Likewise, the Japanese consumer
has consumption:

c* = (Cy,Cr0,0,Crp, M¥).

The Japanese household consumes Cj; US tradables, C; Japanese tradables, 0 US non-tradables, 0 US
money, Cy;r Japanese non-tradables, and M* Japanese money.
The US production vector is
y= (]/H/O/yNT/MSIOIO) :

This shows that the US produces yy US tradables, 0 Japanese tradables, ynyt US non-tradables, and 0
Japanese non-tradables and money. Here M?® is the money supply given by the government to the house-
hold. Japanese production is similarly

y* = (0,y,0,0,yn7, M™).

The vector of prices in the US is
p = (pu, pr, PN, 1,0,0).

Utility is u (ct, ¢¢), where ¢ is a taste shock. In the paper, ¢ = (a1, X1, wt,0,0), so that in the utility

function is
6

u(ct, ) = Z‘Pit Incy, fort=0,...,T.
i=1

Consumptions are non-negative, ¢;; > 0 for all i, t.

The fourth and sixth components of the above vectors correspond to money. In the real model they are
set to 0. Then, in this real model, the numéraire is the non-tradable good, so that pyt = 1.

We call ©; = (@tus , ®{ ) the holding by the US of US bonds and Japanese bonds, P; = (1,¢;) the price

of bonds in dollars.
The US consumers’ problem is:

(A1) max E i ,Btu (ct, d1),
t=0

(Cf’@fus)th =

s.t.
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(A2) pi-(yi —ct) + P -Di@®;_ +7f =P @y, fort =0,..,T,
and
(A3) Or =0.

Here D; = diag (R,R*) is the diagonal matrix expressing the gross rate of return of bonds in each
currency and 7t} is a profit rebated by financiers. The left-hand side of (A.2) is the households’ financial
wealth (in dollars) after period t. US firms are fully owned by US households. Because the economy is
fully competitive, they make no profit. The entire production comes as labor income, whose value is p; - y;.
The budget constraint is the terminal asset holdings should be 0, which is expressed by (A.3). Finally, as is
usual, ¢; and O} are adapted process, i.e. they depend only on information available at date ¢.

In the above maximization problems, US consumers choose optimally their consumption vector c¢; and
their dollar bond holdings ®°. However, they do not choose their holding of Japanese bonds @{ optimally.

In the basic model we preclude such holdings and set ®/ = 0. In the extended model, we allow for such
holdings and study simple and intuitive cases: for instance, at time 0 the holdings of Japanese bonds can be

an endowment ©/ 1 = D/ (or Japanese debt denoted in Yen). Alternatively, they could be a liquidity (noise

trader) shock ®) = — f, or we could have f be a function of observables, but not the exchange rate directly,
e.g. f = b+ c(R— R*) for a carry-trader. We do not focus on the foundations for each type of demand, but
actually take the demands as exogenously specified. Possible microfoundations for these demands range
from rational models of portfolio delegation where the interest rate is an observable variable that is known,
in equilibrium, to load on the sources of risk of the model (see Section III.A), to models of “reaching for
yield" (Hanson and Stein, 2014), or to the “boundedly rational” households who focus on the interest rate
when investing without considering future exchange rate changes or covariance with marginal utility (as
in Gabaix (2014)).

To summarize, while all goods are frictionlessly traded within a period (with the non-tradable goods
being traded only within a country), asset markets are restricted: only US and Japanese bonds are traded
(rather than a full set of Arrow-Debreu securities).

The goods market clearing condition is:

(A4) Vi +yf =c+cf atalldatest < T.
Firms produce and repatriate their sales at every period. They have net asset flows,

®/"™ = piyciy (er, —1),

i 1
®{zrms,* = PFCrt (—1/ et> .

The first equation expresses the asset flows of US exporters: in Japan, they have sales of pj;,c};; Yenin Japan
market; they repatriate those yens (hence a flow of —pj;,c};; in Yen), to buy dollars (hence a flow of py;,cy et
dollars).

For instance, in the model with the log specification,

O™ = pryciy (er, —1) = mi & (er, —1),

; 1 1
@{lrms'* = PFtCFt <—1/ ) = M¢lt (-1, > ’
et et

so that @{irms + @{irms’* = (mjCrer — myly) (1, -1 ) The real model is similar, replacing m; and m; by 1.

ef
The gross demand by financiers is Q; (1, —1/e;). Each period the financiers sell the previous period
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position, so that their net demand is:
(A.5) Qi (1,—1/et) = DtQ¢—1 (1, —=1/e;—1) = (1 = D:L) Q¢ (1, =1/ey),

where L is the lag operator, LX; = X;_1.

Financiers choose Q; optimally, given the frictions, as in the main body of the paper and we do not
restate their problem here for brevity. In the last period, holdings are 0, i.e. Qr = 0.

The asset market clearing condition is that the net demand for bonds is 0

(A.6) @™ 4+ @™ 4 (1-DiL) (O +Of + Q1 (1,—1/e;)) = 0.

For instance, for consumers, (1 — D;L) Oy is the increased asset demand by the agent. To gain some intu-
ition, the first coordinate of equation (A.6), evaluated at time ¢ = 0, in the case where ©; = ®; = 0, gives
equation (25) of the paper:

Goeormg — tomo + Qo = 0;

and in the real case (corresponding to my = m( = 1), we obtain the basic equation (13) of the paper:

Goeo — 1o+ Qo = 0.

We now state formally the definition of equilibrium in the case of flexible prices. Recall that we assume the
law of one price in goods market to hold such that:

(A7) P?—[t = put/et, P;t = pri/es.

Definition A competitive equilibrium consists of allocations (ct, c;, 0,07, @{ ms @{ rmsx Qt) , prices pt, py,
exchange rate e;, for t = 0, ..., T such that the US consumers optimize their utility function (A.1) under the
above constraints (A.2-A.3), Japanese consumers optimize similarly, goods markets clear (A.4), and asset

markets clear (A.6), and the law of one price (A.7) holds.

As explained in the paper (Lemma 4), if we use local currency pricing (i.e. change (A.7), and replace
the value of p};, and pr; by other, potentially arbitrary, values), the equilibrium value of the exchange rate
does not change (though consumptions do change).

The timing was already stated in the paper, but for completeness we restate it here. At time 0, pro-
ducers produce, consumers demand and consume, exporters repatriate their sales, financiers take their
FX positions, and asset and goods market clear (simultaneously, like in Arrow-Debreu). The potential di-
version by the financiers happens at time 07, right after time 0 (of course, no diversion happens on the
equilibrium path). Then, at time 1 and potentially future periods, the same structure is repeated (with no
financiers’ position in the last period).

A.1.B Maximization Problem of the Japanese Household

We include there many details excluded from Section II for brevity. The dynamic budget constraint of
Japanese households (which holds state by state) is:

t Y;IT,t + p;,tYF,t + 7} . t C?\lT,t + Pf{,tcl*i,t + P;,tclﬂf“,t
Rt -

*t 4
=0 =0 R

where 71} are the financiers’ profits remittances to the Japanese, 715 = 0, 17 = Qo(R — R¥e1/eg)/e;.
The static utility maximization problem of the Japanese household:

max XiInCxry+ & InChyy 4+ ay InCr , + Af (CEf — Cyrs — PrsChie — PEACEr)

* * *
Clr e CrieCry

where CE} is aggregate consumption expenditure of the Japanese household, A} is the associated Lagrange
multiplier, pj; is the Yen price in Japan of US tradables, and pr is the Yen price in Japan of Japanese trad-
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ables. Standard optimality conditions imply:

* *
C* _ Xt p* * gt . P* «

NT,t — %’ Hpt“H,t — 3%’ Ft“Ft — yx-
/\t )\t /\t

Our assumption that Y3, = x;, combined with the market clearing condition for Japanese non-tradables
Y31 = CX7 s implies that in equilibrium A} = 1. We obtain:

* * . * * %
PrCre = Gt PriCrr = ay.

A.1.C The Euler Equation when there are Several Goods

We state the general Euler equation when there are several goods.
With utility u! (C;) + pu!*! (Csy1), where C; is the vector of goods consumed (for instance, C; =
(CNT,t, Ch i, Cr ) in our setup), if the consumer is at his optimum, we have:

Lemma A.1. When there are several goods, the Euler equation is:

t+1 .
C]‘/t+1/p]rt+1

u
A8 1=1IE; |BR
(A9 ‘P ”Eu/i’i,t

] foralli,j.

This should be understood in “nominal” terms, i.e. the return R is in units of the (potentially arbitrary)
numéraire.
Proof. It is a variant on the usual one: the consumer can consume de fewer dollars” worth (assuming

that the “dollar” is the local unit of account) of good i at time ¢ (hence, consume dc;; = —%), invest
them at rate R, and consume the proceeds, i.e. Rde more dollars of good j at time t 4 1 (hence, consume
dcjiy1 = p]%dfl). The total utility change is:

AU = ug, de;; + ,B]Etué;}rldcj,ﬁrl =E; (—”Ei,f/Pi,t + ,BR”Z;L /Pj,t+1) de.

At the margin, the consumer should be indifferent, so dU = 0, hence (A.8). U
Applying this to our setup, withi = j = NT, with py7; = 1 and ut =X —qfort =01 we

CNT,t CNT,t
obtain: 1 = [E {ﬁR%}, hence R =1/8.

A.1.D Price Indices, Nominal and Real Exchange Rates

We explore here the relationship between the nominal and the real CPI-based exchange rate in our frame-
work. The real exchange rate can be defined as the ratio of two broad price levels, one in each country,
expressed in the same numéraire. It is most common to use consumer price indices (CPI) adjusted by the
nominal exchange rate, in which case one has: £ = PT*Q Notice that a fall in £ is a US Dollar real apprecia-
tion.

Consider the nominal version of the basic Gamma model in Section IV. Standard calculations reported
below imply that the real CPI-based exchange rate is:

# V& (1% ot ok X*/
(A9) g:é(pH) (Pr)" (PNr) e,

(pr)" (pe)" (¥
where 0 is a function of exogenous shocks and primed variables are normalized by 6. The above equation
is the most general formulation of the relationship between the CPI-RER and the nominal exchange rate in

the Gamma model.
Let us first derive the price indices {P, P*}. The US price index P is defined as the minimum cost, in
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units of the numéraire (money), of obtaining one unit of the consumption basket:

1
6

C = K%)wt (CNT,t)Xt(CH,t)”‘(CF,t)”]

Let us define a “primed” variable as being normalized by the sum of the preference coefficients 6;; so that,
for example, )(/t = ’g—:. Substituting the optimal demand for goods (see the first order conditions at the
beginning of Section IV) in the consumption basket formula we have:

’ w, r P 11/ 1 P l/ r P X/
l1=(wP a— I — —_— .
@) (45) (5) ()

!

Hence:
P = (pu) (pe)” (o) ()4 ) ) ) ).
The part in square brackets is a residual and not so interesting. Similarly for Japan, we have:

*

P* = (pi)? (r0)" (pier)¥ [(wf’>wf'<§;>€i<ar’>“f’ m’ﬂ“} .

The CPI-RER in equation (A.9) is then obtained by substituting the price indices above in the definition of
the real exchange rate £ = PT*" For completeness, we report below the full expression for the function @
that enters in equation (A.9):

g (@) @) ) ()
() =5 (1) o)~ ()

If we impose further assumptions on Equation (A.9), we can derive some useful special cases.

The Basic Gamma Model Assume that w = w* = 0 and py7 = pjr = 1 so that there is no money
and the numéraire in each economy is the non-tradable good. Recall that in the basic Gamma model of
Section II the law of one price holds for tradables, so we have py = pje and pr = pre. Equation (A.9)

then reduces to: £ =0 (p H)gl’”/ (p p)”*l", eX” . This equation describes the relationship between the RER as
defined in the basic Gamma model and the CPI-based RER. Notice that the two are close proxies of each
other whenever the baskets’ shares of tradables are symmetric across countries (i.e. (;"/ ~a and a* ~ [/)
and the non-tradable goods are a large fraction of the Japanese overall basket (i.e. x* ).

The Basic Complete Market Model We maintain all the assumptions from the paragraph above on
the Basic Gamma model, except that we now assume markets to be complete and frictionless. Recall from

*/

Lemma 3 that we then obtain ¢; = v. Hence, the CPI-RER now follows: £ = 8 (pH)gl’”/(pp)”*,"/ (Z
Notice that while the real exchange rate (e) is constant in complete markets in the basic Gamma model, the
CPI-RER will in general not be constant as long as the CPI baskets are not symmetric and relative prices of
goods move.

A.1.E The Backus and Smith Condition

In the spirit of re-deriving some classic results of international macroeconomics with the Gamma model,
let us analyze the Backus and Smith condition (Backus and Smith (1993)). Let us first consider the basic
Gamma set-up but with the additional assumption of complete markets as in Lemma 3. Then by equating
marginal utility growth in the two countries and converting, via the exchange rate, in the same units, we
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. PpCo/by _ P5C5/00 e _ ; .
have: pl=l7gt = PICI /8 o Re-arranging we conclude:

Co/00 _ Cy/05 &

A10 _ &
( ) Ci/6r  Cj/07 &

where the reader should recall the definition £ = P%e This is the Backus and Smith condition in our set-up
under complete markets: the perfect risk sharing benchmark equation.

Of course, this condition fails in the basic Gamma model because agents not only cannot trade all
Arrow-Debreu claims, but also have to trade with financiers in the presence of limited commitment prob-
lems. In our framework (Section II), however, an extended version of this condition holds:

C()/90 . CS/QS@Q

All = .
(A1) Ci/61 Ci/67 & eo

The simple derivation of this result is reported below. The above equation is the extended Backus-Smith
condition that holds in our Gamma model. Notice that our condition in equation (A.11) differs from the
standard Backus-Smith condition in equation (A.10) by the growth rate of the “nominal” exchange rate %
Since exchange rates are much more volatile in the data than consumption, this omitted term creates an
ample wedge between the complete market and the Gamma version of the Backus-Smith condition.

The condition in equation (A.11) can be verified as follows:

Co/b0 _ Ci/0 &oer PyCo/fy _ PiCy /05 1 1
C1/0,  Ci/0 & e PC/6,  P;Ci/6; 11

where the first equivalence simply makes use of the definition £ = P%e, and the second equivalence follows
from P;C; = 6; and PfC} = 0 for t = 0,1. These latter equalities (we focus here on the US case) can
be recovered by substituting the households” demand functions for goods in the static household budget
constraint: P;Cy = Cntt + pHtCHt + priCrs = Xt +ar + 1t = 01

A.2 EXTENSIONS OF THE MODEL

A.2.A  Japanese Households and the Carry Trade

In most of the main body of the paper, consumers do not do the carry trade themselves. In this subsection,
we extend Proposition 6 by analyzing the case in which Japanese consumers buy a quantity f* of dollar
bonds, financing the purchase by shorting an equivalent amount of Yen bonds. We let this demand take the
form:

ff=b(R—R").

Recall that Proposition 6 assumes R < R*, so that if b > 0 the Japanese household demand is a form of
carry trade. The flow equations now are:

NXo+Q+f"=0; NX;—-R(Q+f")=0.
We summarize the implications for the equilibrium carry trade in the Proposition below.

Proposition A.1. Assume ¢ =1 fort = 0,1, R < R* and that Japanese consumers do the carry trade in amount
f*, the expected return to the carry trade in the Gamma model is:

7 _p KEl] =0+ f(1+R)
(R*+T) g+ BE[] —Tf*

Hence the carry trade return is bigger: (i) when R* /R is higher, (ii) when the funding country is a net foreign creditor,
and (iii) when consumers do the carry trade less (f* increases).
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If consumers do the carry trade on too large a scale (f* too negative), then the carry trade becomes
unprofitable, R® < 0.

A.2.B Endogenizing the Number of Financiers

In the basic model, there is a fixed quantity of financiers. We now show a possible way to endogenize entry
of financiers. This will confirm that the first order results of the paper are unchanged, except that 7y is now
endogenous.

We call ) = [Eg |1 — AR | the expected discounted return of currency trading. Suppose that each
e R p y & PP

potential trader has an incentive constraint of the form:

% €1 q%
VOEQq():]EO [,B (RR >:| q()ZGf,
€ €

and we have G = ¢ (varg (e1))" for a parameter ¢. Hence g and G are the agent’s oy and I'. Using Rf = 1,
this entails an individual demand:

and a benefit ) )
Q € Q €o
V = Q = = .
0 10 G g varg (e1)"

In the spirit of Jeanne and Rose (2002), we posit that financiers decide to enter at date —1 (before the values
of 19, Eq [11] are realized, hence before the actual expected currency trading return is known). Potential
financier i enters if and only if E_4 [Vy] > «;, where «; is a (perhaps psychological) cost drawn from a
distribution with CDF F (x) = P (x; < x). This implies that the mass n of financiers is

n=F (]E_1 [Qzeovaro (61)71)‘] /g) )

The aggregate demand at time 0 is then:

QEO
Qo=ngo=n————.
0= e varg (1)
Hence, we have Qy = "wa?ﬁ with
(A.12) y= %,
so that
(A.13) y= 3

F (IE_l {QZeovaro (61)71)‘} /g)‘

Hence, we have a fixed point determining <, since ey and e; depend on 7.
Starting after date 0, the analysis is exactly like in the paper, except that the value of < is pinned down
by considerations at time —1.

For instance, take our baseline case, where R = R* = 1. From Proposition 1, ¢y = %,
_ _I(—Eo[n]) .
Q= %, and 7y solves:
T (7)* (10 — Bo [1])* varg (er) * . .
A.l4 =qF|E_ with T’ =yovary(11)" .
A1y e=7 ( @+ T ) 0T Bola] 2 +T (1)8) (1) = e ()
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We note that the government might wish to subsidize entry in the financial sector so to effectively remove
the financial constraint. This is a property common to many models of financial imperfections: for example
if the financiers had limited capital as in Kiyotaki and Moore (1997); Gertler and Kiyotaki (2010); Brun-
nermeier and Sannikov (2014); He and Krishnamurthy (2013), the government would want to recapitalize
them in many states of the world.” Like those papers, we do not consider the optimal subsidy to financiers.
One reason for this is that in practice, it is difficult as the government might be facing frictions with the fi-
nanciers such as moral hazard or adverse selection. For example, the government might want to screen for
“smart” FX traders that stabilize FX markets, and not subsidize noise traders, who might actually worsen
the situation (they would be creating f, f* shocks in our model).?

A.2.C A “Short-Run” Vs “Long-Run” Analysis

As in undergraduate textbooks, it is handy to have a notion of the “long run”. We develop here a way to
introduce it in our model. We have periods of unequal length: we say that period 0 is short, but period “1”
lasts for a length T. The equilibrium flow equations in the dollar-yen market become:

Goeo — 1o+ Qo =0,
(A.15) T (¢1e1 —11) — RQo = 0.

The reason for the “T” is that the imports and exports will occur over T periods. We assume a zero interest
rate “within period 1”. This already gives a good notion of the “long run”.%!

Some extra simplicity is obtained by taking the limit T — co. The interpretation is that period 1is “very
long” and period 0 is “very short”. The flow equation (A.15) can be written: {1e; — 1 — % = 0. So in the
large T limit we obtain: {1e; — t; = 0. Economically, it means the trades absorbed by the financiers are very
small compared to the trades in the goods markets in the long run. We summarize the environment and its

solution in the following proposition.®?

Proposition A.2. Consider a model with a “long-run” last period. Then, the flow equations become {oeg — 1o+ Qo =
0 and §1e1 — 11 = 0, while we still have Qy = %IE {eo —e %} . The exchange rates become:

R*
T]E |:é%j| + Fl[) . ll
—_— 1= =
1+T¢6o 1
In this view, the “long run” is determined by fundamentals e; = é—ll, while the “short run” is determined

both by fundamentals and financial imperfections (I') with short-run considerations (ig, o). In the simple
Tip+E[1]
I'+1

ey —

case R = R* = {; = 1, we obtain: ¢y = and ey = 1.

Application to the carry trade with three periods. In the 3-period carry trade model of Section IIL.A,
we take period 2 to be the “long run”. We assume that in period t = 1 financiers only intermediate the new
flows; stocks arising from previous flows are held passively by the households (long term investors) until
t=2. That allows us to analyze more clearly the dynamic environment. Without the “long-run” period 2,
the expressions are less intelligible, but the economics is the same.

5We thank a referee for remarks along these lines.

60Wwith endogenous entry, the FX intervention considered in Section IT1.B will also ex ante affect entry, similarly to the
analysis in Jeanne and Rose (2002). We leave this interesting analysis to future research.

61The solution is simply obtained by Proposition 3, setting 7; = Ty, & = T¢;.

620ne derivation is as follows. Take Proposition 3, set 13 = Ty, 61 = T¢q, and take the limit T — oo.
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A.2.D The Fama Regression over Longer Horizons

We take the context of the Fama regresssion in the paper, and now consider the Fama regression over a
2-period horizon:
ley —ep
2 ()

=a+ Burpp (R —R*) + ¢

i.e. regressing (normalized) the 2-period return on the interest rate differential. We assume that I'; is
deterministic.

Lemma A.2. The coefficient Byipr = (H%(lﬁm, while the UIP coefficient in a 1-period regression is Byp1 =
1+1"1 71“0

Buip = T Aty % in the main text.

Proof We evaluate the derivative at R = R* = 1, and for simplicity take the case I'; deterministic.

p L[] gy To+1
UIP2 — 5~ = Aanpx  — A Aapx P
2 JOR* 2 JR* Tolo + R*E [Fllllj-ﬁ 12}
1 Ip+1 r111+12:| |: Iy :|> 1 1 ( [ 1 :|>
== E +E =-——|(1+E
2(F0+1)2< [r1+1 r+1 ] 2Ty +1 rh+1
1 24T 1+11/2

2(F0+1)(1+F1) (1+T0)(1+F1)'

O

Hence, we have 1 > Byjp, as often found empirically. Furthermore, we have Byip2 > Buipa if
and only if I'; < 2I'y. For instance, suppose that I'y and Iy are drawn from the same distribution. Then,
E [Buipz] > E [Buipa]: this means that as the horizon expands, the coefficient of the Fama regression is
closer to 1. This is consistent with the empirical evidence that the Fama regression coefficient is higher, and

closer to 1, at long horizons (Chinn and Meredith (2005)).

A.3 MODEL EXTENSIONS: MULTI-COUNTRY, MULTI-ASSET MODEL,
AND ADDITIONAL MATERIAL ON THE VARIANCE IN THE
CONSTRAINT

We provide below generalizations of the model. In particular, we develop a multi-asset, multi-country
model.

A.3.A Verification of the tractability of the model when the variance is in the constraint

In the paper, we propose a formulation of I' = yvar(e;)*. We verify that it leads to a tractable model in the
core parts of the paper. In this subsection of the appendix, we check that we also keep a tractable model in
a more general model with T periods.

When ¢; is deterministic, the formulation remains tractable. We obtain each I'; in closed form.%® Let us

%However, when & is stochastic, the formulation is more complex. We obtain a fixed point problem not just in T
(like in the 2-period model), butin (Iy I'r_1).
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work out explicitly a 3-period example. We take ¢; = R = R* = 1 for simplicity. The equations are:

eo—1tp+ Qo =0,
e1— 11— Qo+ Q1=0,
ep—1p— Q1 =0,
]E _
Qi = t[etr 6’t+1]fort:0,1,
t

T =y vars (ep1)" .

Notice that the model at t = 1,2 is like the basic model with 2 periods, except for the pseudo-import term
71 = 11 — Q1. Hence, we have {e;} = {12}, and

(A.16) Iy =0t

This also implies that (by Proposition 3 applied to (e, ep) rather than (ep,e1)): {e1} = % {11}, which
gives:

140; \*
A.17 I'y = —
( ) 0 ’7(24_1—-10.11) 7

so we endogenize I'g. Note that the ¢;, is, in general, the variance of pseudo-imports, hence it would include
the volatility due to financial flows. Notice also that fundamental variance is endogenously amplified by the
imperfect financial market: var(e;) depends positively on I'y, that itself depends positively on fundamental
variance.

The same idea and procedure applies to an arbitrary number of periods, and indeed to the infinite
period model. We could also have correlated innovations in ¢;.

A.3.B A tractable multi-country model

We call ¢f the exchange rate of country i at date ¢, with a high ¢! being an appreciation of country i’s currency
versus the USD. There is a central country 0, for which we normalize 66 = 1 at all dates t. As a short hand,
we call this country “the US”. For i # j, call §;; < 0 exports of country i to country j (minus the Cobb-

Douglas weight), and x; = —¢;o > 0 exports of country 7 to country 0. Define the import weight as:
Gi=— ), &i>0
j=0,..n,j#i

so that §;; equals total imports of country i. Call 6; the holdings of country i’s bonds by financiers, expressed
in number of bonds: so, the dollar value of those bond holdings is g; = ;).
Hence, the net demand for currency i in the currency i / USD spot market, expressed in dollars, is:

(A.18) =Y Ghel +x) +6:e), =0,
j#0
and has to be 0 in market equilibrium. Indeed, at time 0 the country imports a dollar value ¢%?,

negative demand —C?ie? for the currency. It also exports a dollar value —} ;.o g-e;) + x? (recall that §;; <0
for i # j); as those exports are repatriated, they lead to a demand for the currency. Finally, financiers
demand a dollar value ;e of the country’s bonds. Using q; = 6;¢?, equation (A.18) can be rewritten in

vector form:

creating a

(A.19) — 30+ x0pg=0.

The flow equation at time ¢t = 1 is (again, net demand for currency i in the dollar-currency i market,
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expressed in dollars):

(A.20) — Y Ghe +x} —6ie] +11;=0
j#0

where IT; is the time-1 rebate of financiers profits to country i. In the first equation, imports enter as —¢%e? <

0, creating a net negative demand for currency 7, and exports to other countries enter as — } ;.2 ; (f?je? > 0.
Total financiers” profitis: I1 = ) ; II; =) 6; (el-l — e?). We posit the following rule for the rebate 11; to

country i: IT; = 6; (e} — ¢?). Then, (A.20) becomes: — Yj40 C-ljejl- +x! — ;¢ = 0, i.e., in vector form:

(A.21) —&lel txl—g=0.

Finally, we will have the generalized demand for assets:

(A22) g=T"1E [el - eO} ,

where g, ¢! are vectors, and T is a matrix. We provide a derivation of this demand in section A.3.C. The
financiers buy a dollar value g; of country i’s bonds at time 0, and — Y /" ; g; dollar bonds, so that the net
time-0 value of their initial position is 0. The correspondence with the basic Gamma model (with only 2
countries) is g = —Q, xj; = 1.

We summarize the set-up below.

Lemma A.3. In the extended n-country model, the basic equations describing the vectors of exchange rates e are:

(A.23) el —x0 —g =0,
(A.24) el —xl+g=0,
(A.25) E [el - eo} =Ty
Those are exactly the equations of the 2—country model (with QGamma — _gherey and Gamma — yhere

but with 1 countries (so ¢! € R"~1). Hence the solution is the same (using matrices). We assume that ¢ lis
deterministic.

Proposition A.3. The exchange rates in the n—country model are given by the following vectors:
(A.26) & = (50 +&+ glrgo) B ((1 + glr) O+ E [xl] ) )
(A.27) el = (50 vy {;’Orgl)_l (xO + (1 + gor) E [xl}) + (51)_1 {xl} .

Hence, the above model has networks of trade in goods, and multi-country asset demand.

A.3.C Derivation of the multi-asset, multi-country demand

We derive the financiers” demand function in a multi-asset case. We start with a general asset case, and then
specialize our results to exchange rates.

A.3.C.1 General asset pricing case

Basic case We use notations that are valid in general asset pricing, as this makes the exposition
clearer and more general. We suppose that there are assets a = 1,..., A, with initial price p°, and period 1
payoffs p! (all in R?). Suppose that the financiers hold a quantity position § € R” of those assets, so that
the terminal value is 6 - p!. We want to compute the equilibrium price at time 0.

Let

n=IE {pl} —po,

All



denote the expected gain (a vector), and
V = var <p1> ,

denote the variance-covariance matrix of period 1 payoffs.
Given a matrix G, our demand will generate the relation

(A.28) 7 = GO,

This is a generalization to an arbitrary number of assets of the basic demand of Lemma 2, Qg = %]E [eo —e R%} .

The traditional mean-variance case is G = yV. The present machinery yields more general terms: for exam-
ple, we could have G = VH’, for a “twist” matrix H. The mean-variance case is H = I, for a risk-aversion
scalar y. The H can, however, represent deviations from that benchmark, e.g. source-dependent risk aver-
sion (if H = diag (y1, ..., Ya), we have a “risk aversion" scalar 1, for source a), or tractability-inducing twists
(our main application here). Hence, the machinery we develop here will allow to go beyond the traditional
mean-variance setup.

The financiers’” profits (in dollars) are: 6 - (p! — pY), and their expected value is 6’7, where 7 :=

E [p'] — p°. We posit that financiers solve:

max 0’ s.t. 0t > 6’56,
feRA

where S is a symmetric, positive semi-definite matrix. This is a limited commitment constraint: the fi-
nanciers’ outside option is 8'S6. Hence, the incentive-compatibility condition is 6’7t > 6'S60. Again, this is a
generalization (to an arbitrary number of assets) of the constraint in the paper in Equation (8).
The problem implies:
T = §60%,

where 6* is the equilibrium 6.5

Hence, we would deliver (A.28) if we could posit S = G. However, this is not exactly possible, because
S must be symmetric, and G is not necessarily symmetric.
We posit that the outside option 0S8 equals:®®

62 Loi20 o

(A.29) 0's6=Y" Gl

i,j

where 0 is chosen by the financier under consideration, and 6™ is the equilibrium demand of other financiers
(in equilibrium, 8 = 6*). This functional form captures the fact that as the portfolio or balance sheet expands
(6; high), it is “more complex” and the outside option of the financiers increases. In addition (if say G = yV),
it captures that high variance assets tighten the constraint more (perhaps again because they are more
“complex” to monitor). The non-diagonal terms indicate that “similar” assets (as measured by covariance)
matter. Finally, the positions of other financiers matter. Mostly, this assumption is made for convenience.
However, it captures the idea (related to Basak and Pavlova (2013)) that the positions of other traders
influence the portfolio choice of a given trader. The influence here is mild: when G is diagonal, there is no
influence at all.
We will make the assumption that

(A.30) Vi, sign (1) = sign (6]) , where w* = G6*.

This implies that S is a positive semi-definite matrix: for instance, when 6 # 0, Z] & GZJGJ* > 0. Equation

(A.30) means that the sign of the position 6} is equal to the sign of the expected return 7t;. This is a mild

%4The proof is as follows. Set up the Lagrangian £ = 07t + A (8'7t — 6'S0). The first-order condition reads 0 = L =
(14 A) 7w —2AS0. So, m = 2;S6. Left-multiplying by 0’ yields 6’ = 12,6'S0. Since 6’7 > 6'S6, we need A > 1.
Hence, T = S6.

5This is, Sj; = 1;_j3-G;j07 if 67 # 0, S;j = 0if 6; = 0.

i=j g7 GijY;

A12



assumption that rules out situations where hedging terms are very large.
We summarize the previous results. Recall that we assume (A.30).

Proposition A.4. (General asset pricing case: foundation for the financiers’” demand) With the above set-up, the
financiers’ equilibrium holdings 6* satisfy:

(A31) E[p' - p°| = G,
with G a matrix. When G is invertible, we obtain the demand 0* = G~'E [pl - po].

Proof: First, take the case 0] # 0. Deriving (A.29) w.rt. 0;: 2(S0); = }; %—%Gij(-)f, so that (50%); =
L Gijof = (GO);. When 0 = 0, assumption (A.30) implies again (S56%); = }; 5;;67 = 0 = 77 = (G0*),;.

17]
Thus, S68* = G6*. Hence, the set-up induces 7 = S0* = Go*.

Proposition A.5. Suppose that we can write G = VH', for some matrix H. Then, a riskless portfolio simply offers
the riskless US return, and in that sense the model is arbitrage-free.

Proof: Suppose that you have a riskless, 0-investment portfolio x: ¥’V = 0. Given 7 = VH'6*, we have
k'm = «'GO* = K’ VH'0* = 0, i.e. the portfolio has 0 expected return, hence, as it is riskless, the portfolio
has 0 return. [J

Proposition A.7 offers a stronger statement that the model is arbitrage-free.

A.3.C.2 Extension with derivatives and other redundant assets

The reader may wish to initially skip the following extension. When there are redundant assets (like deriva-
tives), some care needs to be taken when handling indeterminacies (as many portfolios are functionally
equivalent). Call @ the full portfolio, including redundant assets, and P’ the full price vector. We say that
assets 2 < B are a basis, and we reduce the portfolio @ into its “basis-equivalent” portfolio in the basis,
0 € RE, with price p!, defined by:

©-P'=0-p!', forall states of the world.

For instance, if asset ¢ is redundant and equal to asset a# minus asset b (p} = p} — p}), then (6,,6,) =
(©;+ 0,0, —O).

More generally, partition the full portfolio into basis assets ©p and derivative assets ®p, ® = (@p, Op),
and similarly partition prices in P = (p,pp). We sometimes write pp rather than p when this clarifies
matters. As those assets are redundant, there is a matrix Z such that

pp=Zp".

Then, the basis-equivalent portfolio is § = @p + Z'®p.%
Then, we proceed as above, with the “basis-equivalent portfolio”. This gives the equilibrium pricing
of the basis assets, p%. Then, derivatives are priced by arbitrage:

rh = Zp°,

A.3.C.3 Formulation with a Stochastic Discount Factor

The following section is more advanced, and may be skipped by the reader.
It is often useful to represent pricing via a Stochastic Discount Factor (SDF). Let us see how to do that
here. Call w = P{® = p 6 the time-1 wealth of the financiers. Recall that we have = = G0*, with G = VH'.
If we had traditional mean-variance preferences, with 7 = ¢V8*, we could use a SDF: M = 1 — ¢ {w},
for a scalar . We want to generalize that idea.

66Proof: the payoffs are @' P! = @4p! + O pl, = Ohp! + O, ZpL = 0'p} with ¢/ = @) + O Z.
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As before, we define
{X} = X-E[X]

to be the innovation to a random variable X.
Recall that we are given Bbasis assetsa = 1,..., B (i.e, ({p5}),_ p are linearly independent), while
assets a = B +1,..., A are derivatives (e.g. forward contracts), and so their payoffs are spanned by the

1
vector (pa)agB'
Next, we choose a linear operator ¥ for the basis assets that maps random variables into random
variables.®’ It is characterized by:

‘I’{p}l} =) Hp {pll,} fora=1,...,B,andforb=1,...,B,
b

or, more compactly:
v{pt} -}

This is possible because {p{} are linearly independent. The operator extends to the whole space S of traded
assets (including redundant assets).

Proposition A.6. The pricing is given by the SDF:
(A32) M=1-Y¥{w},
where w = P{© = p}0 is the time-1 wealth of the financiers.

Proposition A.7. If the shocks {p' } are bounded and the norm of matrix H, |H||, is small enough, then M > 0 and
the model is arbitrage-free.

In addition, it shows that the SDF depends linearly on the agents’ total terminal wealth w, including
their proceeds from positions in derivatives.

Proof. We need to check that this SDF generates: p’ = E [Mp!]. Letting M = 1 — m with m = ¥ {w},
we need to check that p° = E [p! — mp!'] = E [p'] — E [mp'],ie. m:=E [p! — p°] = E [mp!]. Recall that
we have 7 = G6 = VH'6.

Hence, we compute:

E [mpi| = E [p} (¥ {w})]
n L cb{p} = LE [ {#i}] Hat:

E
bZ b (H') = (VH'0),

ie,indeed, E [mp!] = VH'0 = n. O

A.3.C.4 Application to the FX case in a multi-country set-up

We now specialize the previous machinery to the FX case. In equilibrium, we will indeed have (with

q=(qi)i=1, _n):

(A.33) g=T'E[e!—¢],

67Mathematically, call S the space of random payoffs spanned by (linear combinations of) the traded assets,
(pa) . S is a subset of L2 (Q), where Q) is the underlying probability space. ¥: S — S is an operator from S
to S, whlle H isa B x B matrix.
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and qo = — Y_/_; q; ensures Y ' ;, q; = 0. We endogenize this demand, with
(A.34) I =+V*,

where V = var (e'), and var (x) = E [xx/] — E[x] E [x'] is the variance-covariance matrix of a random
vector x. Note that var (¢!) = var (x!) is independent of ¢. Hence, with this endogenous demand, we
have a model that depends on variance, is arbitrage free, and (we believe) sensible.

Let us see how the general asset pricing case applies to the FX case. The basis assets are the currencies,
with p' = e, 8, is the position in currency a, and g, = 6,¢J is the initial dollar value of the position. The
position held in dollars is go (and we still have ef) = 1 as a normalization). We define

(A.35) D = diag (eo) ,
so that g = Df. We take the G matrix to be
(A.36) G = yVD,

for scalars v > 0 and & > 0. Recall that V = var (¢!) is a matrix. The reader is encouraged to consider
the leading case where « = 1. In general, V* is the variance-covariance matrix to the power a: if we write

V = U AU for U an orthogonal matrix and A = diag (A;) a diagonal matrix, V¢ = U diag (A)u.
Proposition A.8. (FX case: Foundation for the financiers” demand (A.22)) With the above set-up, the financiers’
equilibrium holding q satisfies:
(A.37) E [el - eo} =Tq,
with

I =9V¥%,

where v > 0 and « > 0 are real numbers, and V = var (el) is the variance-covariance matrix of exchange rates. In
other terms, when I is invertible, we obtain the Gamma demand (A.22), q = IlE [e1 — eo].

Proof. This is a simple correlate of Proposition A.4. This Proposition yields
E [pl _ po} — Gb*,
Using p! = ¢!, T = yV*% G =TD, q = D8*, we obtain
E [el - eo} = Go* =TDo* =TIy.

O

It may be useful to check the logic by inspecting what this yields in the Basic Gamma model. There,
the outside option of the financiers is given by (A.29) (using 6 = —gq/ep, since in the basic Gamma model
the dollar value of the yen position is —q)

2

0'S0 = v6%var (e1)" eg = yvar (e)" %-
0

The financiers’ maximization problem is thus:

max Vy where V := E {1 — el} q,
q €o
2

s.t. Vo > vy ovar (er)” T
eo
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i.e., the divertable fraction is yovar (e1)" % It is increasing in 4 and the variance of the trade (a “complexity”
effect).
The constraint binds, and we obtain:
2
e
¥ [l - 1} g =oar (e1)* T,
€ €0

or,
(A.38) E [eg — e1] = yoar (e1)" g,

which confirms the intuitive properties of this derivation.

A.3.C.5 Application to the CIP and UIP trades

Suppose that the assets are: dollar bonds paying at time 1, yen bonds paying at time 1 (so that their payoff
is e1), and yen futures that pay e; — F at time 1, where F is the futures’ price. The payoffs (expressed in
dollars) are:

P = (Le,ep —F),

and the equilibrium time-0 price is:
PO = (1/60/ 0)/ ,

as a futures position requires 0 initial investment.
Suppose that financiers undertake the CIP trade, i.e. they hold a position:

®CIP = (601 _1/1)//

where they are long the dollar, short the yen, and long the future. To review elementary notions in this
language, the initial price is @!” - PO = 0. The terminal payoff is @°/" - P! = ¢j — F, hence, by no arbitrage,
we should have F = ¢g.
The financiers can also engage in the UIP trade; in the elementary UIP trade they are long 1 dollar, and
short the corresponding yen amount:
e’ = (1, _1,o>/.
€0

Assume that financiers’ portfolio is composed of C CIP trades, and g UIP trades:
® = co'" +q0"'".

We expect the risk premia in this economy to come just from the risk currency part (g), not the CIP position
(C). Let us verify this.
In terms of the reduced basis, we have

0¢” = (eg — F,0),
purp _ (1 —1 /
7 eO 7

6 = COCIP 4 goUIP,

so that

Hence, the model confirms that the financiers have 0 exposure to the yen coming from the CIP trade. We
then have
E[eo —e1] =TT,

with T = «yoar (e1)". The CIP trade, causing no risk, causes no risk premia. We summarize the results in the
following lemmas.
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Lemma A.4. If the financiers undertake both CIP and UIP trades, only the net positions coming from the UIP trades
induce risk premia.

Lemma A.5. Assume that « > 1, or that V = var (xl) is invertible (and x > 0). Then, in the FX model risk-less
portfolios earn zero excess returns. In particular, CIP holds in the model, while UIP does not.

Proof: Define W = 'yV”"lD, which is well-defined under the lemma’s assumptions. Then, we can
write G = yV*D as G = VW, and apply Proposition A.5. I

A.4 NUMERICAL GENERALIZATION OF THE MODEL

We include here a generalization of the basic Gamma model of Section II that relaxes some of the assump-
tions imposed in the main body of the paper for tractability. The generalization of the model in Section
II has to be solved numerically. Our main aim is to verify, at least numerically, that all the core forces of
the basic model carry through to this more general environment. We provide a brief numerical simulation
and stress that this is only a numerical example without any pretense of being a full quantitative assess-
ment. A full quantitative assessment, with its need for further channels and numerical complications, while
interesting, is the domain of future research.

Model Equations Since the model is a generalization of the basic one, we do not restate, in the interest of
space, the entire structure of the economy. We only note here that the model has infinite horizon, symmetric
initial conditions (both countries start with zero bond positions), and report below the system of equations
needed to compute the solution.

Xt/ YNT
BrE[Xt+1/YNTt+1)”

Xt /YNt
,Bf]Et[XfH/YJfIT,tH] '

(A.39) Ripr

(A40) R, =

(A4l) Q = llEt UﬁtM‘f‘(l—’?)ﬁ*iM (e:Rip1 — Riyqerin)
r YNT 41/ Xt41 Feri Y11/ Xi tH
(A42) Qi = free—f{ —Dy,
e L
(A43) Dy = Dy R+ (nQi-1—e—1fi-1) (Rt - th) + €t£iY1f1T,t — YN
€1 Xt Xt

where 7 is the share of financiers’ profits repatriated to the US, and D are the US net foreign assets. This is
a system of five nonlinear stochastic equations in five endogenous unknowns {R, R*,¢, Q, D}. We solve the
system numerically by second order approximation. The exogenous variables evolve according to:

(A.44) Iny =1 —¢)Iny_ 1+ 0, Ingt = (1 — ) InGy_q + ozegy,
(A.45) fr= A=) fim1+opesp fi=Q—¢p)fii +opepy,
(A.46) Bt = Bexp (x1); Bi = Bexp (x7),

(A.47) Xt = (1 — px)X—1 + OxEx xf = (1= x)xj_q + Oxexrt,

where [¢,, ez, FrEf Ex ex«] ~ N(0,I). We assume that all other processes, including the endowments, are
constant.

The deterministic steady state is characterized by: {¢ = 1,R = R* = 71,0 = D = D* = 0}.% In
order to provide a numerical example of the solution, we briefly report here the chosen parameter values.
We stress that this is not an estimation, but simply a numerical example of the solutions. We set B = 0.985

%Note that the deterministic steady state is stationary whenever I' > 0, which we always assume here (i.e &« = 0
from the main text). Similarly the portfolio of the intermediary is determinate via the assumption that households only
actively save in domestic currency and via the limited commitment problem of the intermediary.
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to imply a steady state annualized interest rate of 6%. We set the share of financiers’ payout to households
at 7 = 0.5, so that it is symmetric across countries. We set all constant output parameters at 1 (Yyg = Yr =
a = a* = 1), except for the value of non-tradables set at 18 (Yyr = YN+ = x = x* = 18), so that they
account for 90% of the consumption basket. We set I' = 0.1.%° Finally, we set the shock parameters to:
¢ = ¢z = 0.018,0, = 0z = 0.037, 5 = 0.0001, 0 = 0.05, ¢ = 0.0491, 0, = 0.0073.

We report in Table A.1 below a short list of simulated moments.”’ For a rough comparison, we also
provide data moments focusing on the GBP/USD exchange rate and US net exports.

Table A.1: Numerical Example of Simulated Moments

Moment Data  Model

SD (@—1) 01011  0.1269

er
plerr,e) 02442 0.0831
R¢ 0.0300 0.0408

SD (Rf) 0.1011 0.1269
SD(nx;) 00335 0.0143
¢(nxe,nx;—q) 0.0705 0.1438
SD(R;) 0.0479  0.0479
¢(Rei1,Ry) 01821 0.1824

Data and model-simulated moments. The first column reports the standard deviation ( SD("”e—t1 — 1)) and (one minus) autocor-
relation (¢(ep41,€:)) of exchange rates, the average carry trade return (R°) and its standard deviation (SD (RS)), the standard
deviation (SD(nxy)) and (one minus) the autocorrelation coefficient (¢p(nxs, nx;_1)) of net exports over GDP for the US, and
the standard deviation (SD(Ry)) and (one minus) autocorrelation of interest rates (¢(Ry11, R¢)). Data sources: exchange rate
moments are for the GBP/USD, the carry trade moments are based on Lettau, Maggiori and Weber (2014) assuming the interest
rate differential is 5%, the interest rate moments are based on the yield on the 6-month treasury bill minus a 6-year moving average
of the 6-month rate of change of the CPI. All data are quarterly 1975Q1-2012Q2 (150 observations). The reported moments are
annualized. Model implied moments are computed by simulating 500,000 periods (and dropping the first 100,000). The carry trade
moments are computed selecting periods in the simulation when the interest rate differential is between 4% and 6%.

Finally, we provide a numerical example of classic UIP regressions. The regression specification fol-
lows:
Aln(etJrl) =+ Burp [h’l(Rt) — ln(R;‘)] + &t

The above regression is the empirical analog to the theoretical results in Section II1.A.”! We find a regression
coefficient well below one (8 = 0.33), the level implied by UIP. Indeed, on average we strongly reject UIP
with an average standard error of 0.19. The regression adjusted R? is also low at 0.018. The results are
broadly in line with the classic empirical literature on UIP.

%*We set this conservative value of I' based on a thought experiment on the aggregate elasticity of the exchange
rate to capital flows. We suppose that an inelastic short-term flow to buy the Dollar, where the scale of the flow is
comparable to 1 year worth of US exports (i.e.f* = 1), would induce the Dollar to appreciate 10%. The numbers
are simply illustrative, but are in broad congruence with the experience of Israel and Switzerland during the recent
financial crisis. Let us revert to the basic Gamma model. Suppose that period 1 is a “long run” during which inflows
have already mean-reverted (so that the model equations are: eg — 1+ f*+Q =0,e1 =1,Q = % (eo —e1)). Then, we
haveey =1— H_er* Hence, the price impactisey — 1 = 71_%1- ~ —0.1. This leads toT" ~ 0.1.

70The moments are computed by simulating 500,000 periods with pruning. We drop the first 100,000 observations
(burn-in period).

"ITo estimate the regression based on model-produced data, we simulate the model for 500,000 periods, dropping
the first 100,000, and then sample at random 10,000 data intervals of length 150. The length is chosen to reflect the data
span usually available for the modern period of floating currencies (150 quarters). On each data interval, we estimate
the above regression. Finally, we average across the regression output from the 10,000 samples.
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A.5 PROOFS FOR THE MAIN BODY OF THE PAPER
Proof of Proposition 3 The flow equilibrium conditions in the dollar-yen markets are:

(A.48) Goeo — 1o+ Qo =0,
(A49) glel — 1 — RQO =0.

Summing (A.48) and (A.49) gives the intertemporal budget constraint: R (§oep — t9) + 161 — 11 = 0. From
this, we obtain:

(A.50) e1 =& (Rip + 11 — R&peo) -
The market clearing in the Dollar / Yen market, {oep — 1o + %IE [eo — R%e]] =0, gives:

(A.51) %*]E [e1] = eo + T (Goeo — to) = (1 +T0) eo — Lio.

Combining (A.50) and (A.51),
E[e;] = E [5;1 (Rig + [1)] _E [5;1] EoRep = Ilj (1+T&)eo — 15 T,
i.e.
(1+T&) +E [5;1] GR (]E [R*g;l} + r) & +1
B E [51 (lo+ )} + Ty
E [a (go + R—l)] +TE

e BT +E | (Ro+u)| (BRG] +T)0+E e
0= 7%
R*

We can now calculate e;. We start from its expected value:

w‘%

*

R?E[el]:(1+r€’0)€o—ﬂo=(l+r§o ( [ }+r>l°+m[%%]

ElET )
{0 (e [8] ) -r[( [E] e} smm
ElE]+

CE[E|o+ 4T E[EY]  E[E (0+ )] +TEE (54
TUER e REGe R

—1"10

To obtain the time-1 innovation, we observe that e; = 51—1 (Rig + 11 — R¢pep) implies:

{61}—{ }+R(lo—§oeo){;}-

N AR Tl i m vt

As:
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we obtain:

o — Ry
- (e e {3}

We next derive the value of I'. Notice that we can write the above equation as:

1
tery = et o

Then,
20, o2
_ 2 &n Ui
var(el)—as+a+r (@1 T
Letting G(T') be
20, o2 !

A52 GO =T—y |2+ =L 4 1 ,
( ) ( ) ’Y(US a+T (a+r)2
then I is defined as
(A.53) G(()=0.

When a = 0, we get the basic Gamma model. When « = 1, we have a polynomial of degree 3 in I'. When
there is no noise and & > 0, I' = 0. In general, it is still amenable to computation: there is a unique positive
solution of G (T') (as G (T') is increasing in T, and G (0) < 0, imr_,, G (T') = o0).

Proof of Lemma 3 In the decentralized allocation, the consumer’s intra-period consumption, Equation
(5), gives the first order conditions:

*

X .- X
pPNTCNT = v pPnTCNT = Fex
a PH ~« (:
A.54 Cy = —: PHEx 5
(A.54) pHCH = . Ch= 3o
* L ek a*
eprCr = X; prCr = FCh
so that
CiA*
_ ¢
e = Cyl "

a

Suppose that the Negishi weight is v. The planner maximizes U + vU* subject to the resource constraint;
hence, in particular maxc,, ¢z <y, @In Cy +v¢ In Cy;, which gives the planner’s first order condition é =

%. Hence, in the first best exchange rate satisfies:

AY NTCNT, ¢/ Xt
efB = yot = PNT-NT.t/ Xt

At PNTCNT, ¢/ XY '
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In the basic case of Lemma 3, we have Ay = A} = 1, so etF B — y. Note that this is derived under the
assumption of identical discount factor g = *. O

Proof of Proposition 6

*

Kc E [1; €1 —60:| B _FQO

€ €0
:_r<l(’_e‘3> :r<1_’0>'
€0 €0

e = (R*+T) 1+ X E[1]
R*+T+1 ’

*
R =T|1-1 R +F+R1 :
(R*+T) 1o+ FE[1]

which, rearranged, gives the announced expression.

Recall that:

so that we conclude:

Derivation of 3-period economy exchange rates We will use the notation:

R*
R = —.

R
Recall that we assume that in period ¢t = 1 financiers only intermediate the new flows; stocks arising from
previous flows are held passively by the households (long term investors) until t=2. Therefore, from the
flow demand equation for t =1, e; — 11 + Q1 = 0, and the financiers” demand, Q; = %
expression for ey:

, we get an

~ Ty + R¥Eq [eo]
n I +1

The flow demand equation for t = 2 gives e, = 1, SO we can rewrite e; as:

€1

_ Tin +RE; 1]

° I +1

Similarly for ey, we have
o Toto + R*E [eq]
0 To+1

and we can use our expression for e; above to express ¢ as:

oo+ RUE [BEE]
ey = ro T 1 .
Proof of Proposition 7 We have already derived Claim 1. For Claim 2, we can calculate, from the
definition of carry trade returns (R® = R% % — 1) and equation (24):
- T1+1+R*
R\ =(R*—1)T 12+ > 0.

0=
T1(Tp+ R*) + T+ (R*)?

Hence, the expected carry trade return is positive.
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ax+b
cx+d

For Claim 3, recall that a function is increasing in x iff A* = ad — bc > 0. For T,

A = (1+T; +R¥) (TlR* + (R*)z) >0,

; aR"
which proves g > 0.
For I'y, the discriminant is
AT

R 1T, Lo+ (R*)? = (1+R*) (Tg+R*) = —R* (1+T) <0,

so that 3—?; <0.
Finally, for R*, we simply compute:

R° To(14+Ty)(14+T;1) (2R*+T
;971;*: 0(1+To) (1+T7) ( +1)>0.D

(ro (1+Ty) +T1R* + (R*)2)2

Proof of Proposition 8 The regression corresponds to: Byrp = %]E [% - } For simplicity we calcu-

late this derivative at R = R* = Ei; = 1, and with deterministic Iy = I';. Equation (24) yields, for those
values but keeping R* potentially different from 1:

T1+R* —
o F0+R*7f11+1 ' . 1—-1+R*
0 1—-0+1 7 1 T1+1 .

Calculating Bup = 52 E [% — 1} =2 ]Ee—gl gives:

l—Q—Tl—FO
14To) (1+T7)

Burr = (

14T _ 1
Hence, Burr < AT (14T — i <1.0

Proof of Proposition 9 Lemma 6 shows that the Yen (strictly) monotonically depreciates as a function
of the intervention g*. Let ep(q*) be the exchange rate as a function of the intervention. From Section ILE
and the assumption in this proposition that output is demand determined under PCP, we know that:

1+ A=
— gt e [0,7°),

F

(A.55) Yro =

so that Japanese tradable output increases monotonically as a function of the intervention. We define §* =
min{ argmax. Yro(q*)} as the smallest intervention that achieves full employment. Strict monotonicity of
Yro(gq*) for all g* such that Yry < L and the fact that Yr is bounded above by L guarantee that 7* exists
and is unique.

The consumption shares are obtained from the household demand functions plus market clearing, so
that:

Chur= 1-s7)L; Cre = (1—5{)Yry;
Chi=stL; Cri=siYrp

et

[ —
where s{ = .

To derive the solution for Cr, recall that the US household demand function is given
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by Cr; = p‘—f At time t = 0 we have ip = 1 and pro = preo, and substituting in the output expression

in (A.55), we obtain Crgy = 1+e n JﬂL] fon ll(lzrm

Cr1 = ﬁL. The rest of the expressions can be derived by analogy. [

Yro. Attime t = 1 we have pr; = ele1 =e , so that

Proof of Proposition 12 We first prove a Lemma.

Lemma A.6. In the setup of Proposition 3, e is increasing in 1y and R* and decreasing in &; and R; 3%’ increases in
T. In addition, ey increases in T if and only if the US is a natural net debtor at time 0T, i.e. Ng+ = &oeg — 19 < 0.

Proof: The comparative statics with respect to i, &y, and R are simply by inspection. We report here
the less obvious ones:

eofo—to— %
&m_E[ G ] B[]
961 [e+st rg, B G+ | e ’
IE{QR Ll | L

where we made use of the state-by-state budget constraint ey — 1o + m = 0. To be very precise, a
notation like 2 T g is the sensitivity of ey to a small, deterministic increment to random variable .

deg 1 epg—TQ 1 E [eq] 50
OR*  RZ_Tetdl] e, RRTarit] | re '
e[t] e el
where we made use of the financiers” demand equation, I'Qy = E { — %*el}, and the flow equation,

Goeo — 1o+ Qo = 0.
We also have,

860 1
EI — <0
1+ R*E {ﬁ] &
where we made use of the definition Ny+ = eplp — to. This implies:
8260 1
= O.D
aTa ~

(RE 2] +1+r§0)

This implies all the points of Proposition 12 with two exceptions. The effects with respect to interest rate
changes, both domestic and foreign, hold for f, f* sufficiently small. Finally, we focus on the impact of f*.
Simple calculations yield:

& _ L <0
oft RE[R]+1+TE

We notice that the comparative statics with respect to f are less clear-cut, because f affects the value of I'¢,
and hence affects risk-taking. However, we have 2 f > 0 for typical values (e.g. R = R* = 1,¢p = &;). O
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