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Abstract

We examine the opportunity cost of foreign exchange (FX) intervention when both CIP
and UIP deviations are present. We consider a small open economy that receives interna-
tional capital flows through constrained international financial intermediaries. Deviations
from CIP come from limited arbitrage or through a convenience yield, while UIP devi-
ations are also affected by risk. We show that the sign of CIP and UIP deviations may
differ for safe haven countries. We examine the optimal policy of a constrained central
bank planner in this context. We find that there may be a benefit, rather than a cost,
of FX reserves if international intermediaries value more the safe haven properties of a
currency that domestic households. We show that this has been the case for the Swiss

franc and the Japanese Yen.



1 Introduction

A vast literature examines the optimal level of central bank international reserves in
emerging markets (see Bianchi and Lorenzoni (2022) for a recent survey). A recurrent
feature is that the accumulation of reserves bears an opportunity cost from an interest
rate differential implied by an upward supply of international funding. To what extent
is this opportunity cost also relevant for financially developed economies and what is the
appropriate interest differential to consider? Since Foreign Exchange (FX) interventions
by central banks are unhedged, it seems that the focus should be on Uncovered Inter-
est Rate Parity (UIP). In contrast, the recent literature argues that what matters are
deviations from Covered Interest Rate Parity (CIP) (e.g., Amador et al., 2020; Fanelli
and Straub, 2021). This distinction between CIP and UIP appears particularly relevant
for safe haven countries, since CIP and UIP deviations may be of different signs. Figure
1 shows CIP and UIP deviations for Switzerland and Japan. They are computed from
the perspective of international investors and UIP deviations are estimated using survey
expectation data. They show that since 2008, both countries have experienced positive
CIP deviations and negative UIP deviations. The latter implies a negative excess return,

which is typical of safe haven currencies.

Figure 1: UIP and CIP Deviations

A) Deviations CHF/USD B) Deviations JPY/USD

10.0% Deviations 1.00% 10.0% 1.00%

= CIP (ths) == UIP (lhs)

5.0% 0.50% 5.0% 0.50%

0.0% - = 0.00% 0.0% 0.00%

-5.0% -0.50% -5.0% -0.50%

-10.0% -1.00% -10.0% -1.00%

2004 2006 2008 2010 2012 2014 2016 2018 2020 2004 2006 2008 2010 2012 2014 2016 2018 2020

Notes: This figure shows the UIP and CIP deviations in percentage points as defined in (5) and (4),
taking the USD as the foreign currency and considering a 3-month horizon. Panel A) and B) considers
the CHF and the JPY as the domestic currency, respectively. UIP deviations are computed using monthly
data from Datastream for the 3-month Libor rates and from Consensus Economics for the exchange rate
forecasts and the spot exchange rates. The CIP deviations are monthly averages of daily observations
and are computed using 3-month Libor rates, spot exchange rates and forward rates with a 3-month

maturity from Datastream. All returns are annualised.

To clarify these issues, we develop a model where both CIP and UIP deviations are
present. We consider a small open economy that receives international capital flows

through international financial intermediaries as in Gabaix and Maggiori (2015)." The

IThere is a growing literature introducing financially constrained financial intermediaries. See Mag-



structure of the model is similar to those in recent papers examining the role of interna-
tional reserves (see Cavallino, 2019; Amador et al., 2020; Fanelli and Straub, 2021; Basu
et al., 2020; Maggiori, 2021), but financial intermediaries are risk averse. The interna-
tional financial intermediaries are the marginal investors and determine both UIP and
CIP deviations through their unhedged and hedged portfolio choices. These deviations
typically do not coincide and may even be of different sign.

In this environment, we examine the opportunity costs of FX intervention. We model
the central bank as a constrained planner. We examine the various factors influencing
optimal policy decisions, focusing on various types of FX interventions. We show that
the central bank incentives are similar for sterilized interventions and unsterilized inter-
ventions at the Zero Lower Bound (ZLB). In these cases, we identify the conditions under
which CIP or UIP deviations matter for the opportunity cost. We find that there may be
no opportunity cost, or even a benefit, of FX intervention in a safe haven country, even if
it faces a negative CIP deviation.

The presence of systematic deviations from CIP in the wake of the Global Financial
Crisis is a major development in international finance (see Du and Schreger (2022) for a
recent survey). The theoretical literature has provided explanations for CIP deviations,
but has devoted limited attention to the link between CIP and UIP deviation. Most
papers analyzing interest rate differentials assume complete markets so that either there
is no UIP deviations or CIP deviations are equal to UIP deviations. This is not consistent
with the data.

The recent literature has followed two main approaches to explain interest rate dif-
ferentials. First, there may be financial frictions that limit arbitrage, e.g., by assuming
constrained financial intermediaries. The other approach is to assume differences in con-
venience yields. The two approaches are present in our model and determine deviations
from CIP. But we do not assume complete markets, so that UIP deviations differ from
CIP deviations. A basic result from this analysis is the following relationship between
UIP and CIP deviations:
cou (M, X7,1) "

Ey My,

devUIP, = devCIP, —

where M/, is the stochastic discount factor (SDF) of financial intermediaries and X}, ,
is the foreign currency excess return from the international intermediary perspective. If
the small open economy is a safe haven country, we have cov, (M}, X} ;) > 0, i.e., the
safe haven currency yields a higher return in bad times. Therefore, it is possible to have
a positive CIP deviation with a negative UIP deviation.

We derive equation (1) in a simple two-period small economy model with two assump-
tions that differ from most of the literature. First, international financial intermediaries
face exchange rate risk. This risk could be hedged on the forward market, but it is not

optimal to fully hedge a safe haven currency. The other assumption is that the financial

giori (2022) for a recent survey.



constraint applies to the whole foreign exchange investment of financial intermediaries,
whether it is hedged or not.”

We analyze optimal FX intervention in this framework. Since our focus is on the op-
portunity cost of accumulating international reserves, we do not model its benefits, such
as exchange rate stabilization or precautionary saving, which have been widely discussed
in the literature. In deriving the optimal FX intervention, the central bank needs to take
into account the preferences of domestic households. We show that if domestic house-
holds attribute less value to the safe haven properties of their currency than international
financial intermediaries (i.e., the domestic SDF is less correlated to the excess return than
for financial intermediaries), then the central bank may find it beneficial to buy foreign
assets when financial markets are segmented.

For a more specific analysis, we consider a linearized version of the model where the
distribution of shocks is such that the domestic currency is perceived as a safe haven by
international investors. This allows us to derive precise expressions for FX intervention
and CIP and UIP deviations and examine the impact of various parameters on these
variables. For example, an increase in global risk leads to larger optimal FX interventions,
larger positive CIP deviations and larger negative UIP deviations.

Finally, we examine this issue empirically by estimating the SDF of financial interme-
diaries following He et al. (2017). When considering the CHF and JPY with respect to
the USD, we find that it is indeed the case that the SDF of financial intermediaries is
more correlated with excess returns than the SDF of domestic households.

This paper complements the literature on the opportunity cost of FX reserves. There
is a long tradition of estimating the cost and benefits of accumulating FX reserves (e.g.,
Jeanne and Ranciere, 2011). In the case of developing or emerging economies, the op-
portunity cost is based on the country’s borrowing cost, which implies a credit risk (e.g.,
Edwards, 1985). In the case of safe haven countries, credit risk is negligible. Instead it
is a combination of UIP and CIP deviations that matters.

By focusing on countries like Switzerland or Japan, this paper provides a different
perspective on safe haven economies. A growing literature has been analyzing the special
role of the US dollar as a reserve currency. Several papers have focused on the role of
convenience yields in generating currency movements and expected excess returns (e.g.,
Jiang et al., 2021b,a; Valchev, 2020; Kekre and Lenel, 2021; Bianchi et al., 2022). We
show that convenience yields are not the sole determinant for exchange rate movements
and UIP deviations in safe haven economies.

The rest of the paper is organized as follows. Section 2 describes the model and the
decentralized equilibrium and Section 3 analyzes the optimal policy of a constrained cen-

tral bank planner. Section 4 examines a linearized model of a safe haven country. Section

2In contrast, in Itskhoki and Mukhin (2021), intermediation frictions generate UIP deviation without

CIP deviations. This is because the intermediation frictions originate in the intermediaries’ risk aversion.
3Yeyati and Gémez (2022) argue that when reserves are used for leaning-against-the-wind interven-

tions, it is more appropriate to use UIP deviations.



5 analyzes empirically the behavior of the SDFs of international financial intermediaries

and domestic households. Section 6 concludes.

2 The Model

Assume a small open endowment economy with domestic households, the central bank,
and international financial intermediaries. There are two periods, t and t+ 1. We will call
the small economy Switzerland and the rest of the world the US. International financial
intermediaries buy domestic bonds and are the marginal investors determining excess
returns. The foreign interest rate i; is given. The price of goods in dollars is normalized

to one.

2.1 International Financial Intermediaries

The international financial intermediaries are as in Gabaix and Maggiori (2015), but are
risk averse. They value their expected profits at the world stochastic discount factor,
denoted mj, ;. They are the marginal investors and their optimal behavior will give the
deviations from CIP and UIP. They typically invest in Swiss bonds, but at the ZLB they
may also hold Swiss money.” Denote b/* and h’* their net positions in Swiss bonds and
money, expressed in dollars, and a* their total position: a* = b#* + hf*. When i; > 0,

Hx __ 1 Hx
a; = b

as money is dominated by bonds. We also assume that they can use forward
contracts in quantities f;.

Moreover, financial intermediaries may value the liquidity of US assets. We assume
that investors have operating costs that are increasing in non-US assets holdings a’* and
that it is a linear function: y -af’*, with xy > 0. Their objective function is in dollars (and

equivalently, in goods terms since the dollar price is constant):

‘/;‘, - Et {mt+1 |:a/7{_[ ((1 _'_Zt)St-Qt-l - (1 +Zt)) - ft (St+1 - E)‘| } - Xa’fl

alf’* represents the total funds invested in the country, covered or uncovered. f;/(1 + i;)
is the covered amount, and af’* — f7/(1 +4;) is the uncovered amount.

To capture the role of financial intermediaries, we assume, as Gabaix and Maggiori
(2015), that intermediaries can divert a fraction T'al’* of the total invested funds, after
the world consumer’s investment decisions are taken, but before shocks are realized. This

yields a participation constraint for investors:

V, > I'(a™)?

4For notational convenience, we assume that financial intermediaries only potentially hold money at
time ¢ so that A" = k% = 0.



Consider first the FOC w/ f;":

A (-2}

The forward market is effectively frictionless, since it does not involve a transfer of funds

ex ante. This implies a relationship between the CIP deviation and the UIP deviation:
Ey(mi1Z50) = El(mia Xi) (3)

where Z; ;| is the excess return hedged by a forward contract or the CIP deviation:

: N
Zin=(ti)g - (14 (@)

and X/, is the domestic currency excess return, expressed in foreign currency:

St

St-l—l

Xin=0+u)g——(1+%) (5)

Equation (3) can be rewritten as an equivalent of Equation (1):

* *
EX* —7r COUt(thaXtH)
tA 11 = L

(6)

*
Eymi,

Covered and uncovered carry trades yield the same returns in expectation, up to a co-
variance term, because intermediaries are risk-averse.

Using Equation (2), the participation constraint can be simplified as follows:
By (mya" X)) — xai™" > T(a)™")? (7)
If the participation constraint is binding, we have:
Ly (mIHXle) =Ta;”" +x (8)
This, along with Equations (3) and (6), implies

Faf{* +x

Zr, =2 TX 9
t+1 Etm;i_l ( )

and .
Fai™ +x  cov(miy, Xipy)

EX}, = (10)

Eymi Eymi

The term Ta”* + x in Equations (9) and (10) shows the impact of limited arbitrage
and of the convenience yield on CIP and UIP deviations. Indeed, the intermediation
frictions, which bear on both covered and uncovered intermediated funds, affects both

CIP and UIP deviations.”

SFanelli and Straub (2021) discuss a similar setup with frictions in intermediation and frictionless

forward markets in an extension of their model. They find that, in that case, intermediation frictions
generate both UIP and CIP deviations.



2.2 Domestic Households

Households can hold money, H[?, domestic bonds B} (both expressed in domestic cur-
rency), and foreign bonds b (expressed in foreign currency). Domestic bonds and money
are perfect substitutes at the ZLB. We assume that households do not use the forward
exchange market.

Their budget constraints are:

oY BISH T,

C,=Y,— =L - =t — 11

‘' pB B P P (1)
HH — HH BH S, b Ty

C — Y + t t+1 + 1 +Z t + 1 + 7/* t+1Y¢ t+ 12

t+1 t+1 Prox ( t>Pt+1 ( 7) Pt P (12)

where T; and T}, are lump-sum transfers. The real levels of domestic bonds and money
holdings are b/ = B /P, and h = HF /P,.

Potentially, households could face short-selling constraints:
b >0, bF >0 (13)
and a cash-in-advance constraint in ¢ and ¢ + 1:
hit >, hfil >Yin (14)

Their utility function is:
U(Ct) + BEU(Crya) (15)

Domestic households choose bonds and money holdings to maximize (15) subject to
constraints (11) to (14). The first-order conditions associated with bond portfolio choices

U'(Ct) — B¢ (BU'(Cran) (1 +47)) —A"=0 (16)

E, (ﬁU’(CtH) [(1 +if) — (1 + it)Sf;D +AN M =0 (17)

where A and A" are the multipliers associated with the short-selling constraints (13).
Equation (16) shows that the borrowing constraints affect intertemporal allocations.
Equation (17) shows that they prevent households from reaching their optimal portfo-

lio allocation between domestic and foreign currency bonds.

2.3 The Government

At time t the government issues debt BE (expressed in domestic currency) and transfers
the funds to households:

B =T7 (18)

At t 4+ 1, the government receives the central bank profits, HgBl and repays its debt :

T = —(L+i) B + 11 (19)
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We assume that the government is passive and that the level of real debt b = BE /P, is

exogenous.’

2.4 The Central Bank

In period ¢, the central bank issues money H;, and buys domestic and foreign bonds BE?

and bfBY (expressed respectively in domestic and foreign currency). In period t + 1,
the central bank issues new money H,;.; — H; and distributes its profits HEFBl to the

government. The central bank’s budget constraint write then as follows:

StthBF ‘I— BtCB = Ht (20)
5 = (1407) 84108 P8 + (1 +4,)BE? + Hy oy — H, (21)

In period t, the central bank has as instruments the nominal interest rate i;, the
b¢'BF and domestic bonds BEE.

However, the interest rate cannot be negative, so the central bank loses the interest rate

total money supply H; and the choice of foreign reserves

instrument when it hits this zero lower bound (ZLB).

In period t + 1, we assume that the supply of money H,,; is exogenous: Hy,; = He"
where h is an exogenous shock. It represents variations in the net money supply to
households due for instance to liquidity trading, or money velocity shocks.

From the budget constraint (20), there are two ways to change the level of reserves
bO'BE . First, through a sterilized intervention where an increase in b¢5F is compensated
by a decline in B2, Second, through an unsterilized intervention where an increase in
bEBF is associated with an expansion in H;. Another possibility would be to allow the
central bank to transfer funds to households in both periods. In that case, an increase in
b¢BE could be implemented by changing transfer. We examine this fiscal foreign exchange

intervention in the Online Appendix.

2.5 Equilibrium in Asset Markets

We assume that the law of one price holds (there are no frictions in the goods market), and
that the foreign currency price of the good is equal to one. As a consequence, P, = S;. At
¢t + 1, equilibrium on the money market yields H |, = S;;1Y;11 = He", which determines
Sir1. Therefore, we can treat S;y; as exogenous.

The supply of bonds and money are assumed to be positive, i.e., BY — BE? > (0 and
H; > 0. The amount of domestic debt held by international intermediaries is equal to
the net domestic supply: S;bf"* = P,BY — B¢B — PbH. Similarly, the foreign money
holdings are equal to the net domestic supply: S;hf* = H; — PihF . From (10), and since

6 Alternatively, we could assume that it is the nominal debt level = BE that is exogenous. However,
there would an incentive for the central bank to alter the real debt level by moving the exchange rate.

We examine this case in the Online Appendix (to be written).



al* = pf* 4 pH* this implies

*

% Covt(m;tk7 Xt+1)
1+4))+ —x (22
(+if)+ =g (22)

BCB H
P(bf— ¢ —bf+—t—hf):(1+it)StEt

S, S, Sii1

Outside the ZLB, hi™* = H,/P, — hl = 0, and households hold the minimum amount
of money: H;/P, = hf{ = Y,. This implies that S; = P, is determined by the equality
between the demand and supply of money in the domestic economy S;Y; = H;. Since
Et%+1 is exogenous, and S; clears the money market, Equation (22) determines i;. An
increase in cov,(my, X/, ;) leads to a decline in the domestic interest rate 7,. Intuitively,
the increase in covariance makes the domestic bonds more attractive to foreigners and
generates an excess demand for domestic bonds. The decline in the interest rate clears
this excess demand.

If the interest rate hits the ZLB, it cannot clear the domestic bond market. At the
same time, the exchange rate is not determined by the money market, as now money and
bonds become substitutes. We can see this by noting that h7* can now be strictly positive,
so that the net supply of money to foreigners H;/P; — hf is strictly positive in Equation
(22). Since the interest rate ¢, cannot adjust in the ZLB, the exchange rate adjusts. Now
an increase in cov(my, X}, ) leads to a domestic currency appreciation (decrease in 5;).
This reduces the excess return, which dampens the increase in demand. In the presence
of sterilized interventions (B¢Z > 0), the appreciation generates a valuation effect that
decreases the net supply of bonds to the private sector. If this effect is not unrealistically
large, then the appreciation should be even larger to clear the domestic bond market.
However, bear in mind that B¢? is an endogenous variable chosen by the central bank

and is not fixed.

3 The Central Bank as a Constrained Planner

To determine the incentives for foreign exchange interventions, we first reframe the central
bank’s problem as that of a constrained central planner. For that analysis, it is convenient
to focus on the Home country’s net and gross foreign liabilities. We then show how the

resulting optimal allocation can be decentralized using foreign exchange interventions.

3.1 Gross and Net Foreign Liabilities

Gross foreign liabilities are domestic bonds and money not held domestically. They are

given by
BCB H
9fl = (b? - - bf) + (g - hf) (23)
The first term corresponds to the foreign holdings of domestic bonds. The second term

corresponds to the foreign holdings of domestic money. In equilibrium, gfl; = al’*.



Net foreign liabilities are given by
nfle=gfle— (b +b7"") =b — 0" — b — Iy’ (24)

where bF +bPF are the domestic holding of foreign assets. The second equality is obtained
by replacing b¢BE with (H, — B¢P)/S;, using the central bank budget constraint, and
replacing ¢ fl; using (23).

It is useful to notice that FX intervention affects ¢fI;, but not nfl;: an increase in

b¢BE will increase gfl one-for-one, through an increase in H; (unsterilized intervention)

bEBE are offset

or a decline in BY® (sterilized intervention), while in nfI, the changes in
either by changes in B¢? or by changes in H.

After consolidating the household’s budget constraints using the equilibrium in the
domestic asset markets, and substituting transfers in the household’s budget constraint,

we obtain the period resource constraints:

Ot = }/;5 + nflt
Crar = Yoy — (L+)nfle — X709 fl + deg

St
41

(2 — ) )

The last term, which represents the economy’s seigniorage revenue from the foreign holding
of domestic money, can be neglected since we will either have % = hf (if iy > 0) or
1 = 0. Here we see the channel through which the central bank balance sheet can
improve households’ welfare: the central bank can exploit the UIP deviation (if X/, < 0)
by increasing the economy’s gross foreign position by holding more foreign reserve b¢2F
while issuing more domestic bonds (decreasing BE'P) or more money if the economy is at
the ZLB (increasing % — hi1)." This channel appears clearly as a net intertemporal gain

for the domestic economy if we write the intertemporal resource constraint:
(L +4)Cr 4 Crpn = (L +5)Ys + Vi — Xigfle. (26)

Finally, we can also relate the country’s consolidated financial liabilities to the house-
hold short-selling constraints (13). Using the central bank’s budget constraint, we can see
that the households’ constraint on domestic bond issuance translates into a constraint on

gross foreign liabilities:
gfly < b9 +pEBE _ plt (27)

However, (27) is not an effective constraint if we allow the central bank to change its
holding of foreign bonds b¢'5F .

Similarly, the foreign currency no-borrowing constraint implies:

nfly < gfly — 07" (28)

"If the central bank could make transfers in ¢, then it could also affect the consumption profile through
the economy’s net position nfl;. If the household is constrained (b7 + bf" = 0), then the central bank
could increase the net borrowing of the economy and hence transfer consumption from ¢ + 1 to t. This

fiscal foreign exchange intervention case is examined in the Online Appendix.



This constraint cannot be relaxed by non-fiscal FX intervention since changes in ¢ fl; are
offset by changes in bYPF.8 This constraint is effective except if we allowed the central
bank to perform fiscal interventions, where changes in gfl; need not be offset by changes

in b¢BF. Equations (27) and (28) are equivalent to the no-borrowing constraints (13).

3.2 The Constrained Planner’s Program
Based on the previous equations, we can examine the planner’s optimal choices.

Definition 1 (Constrained planner equilibrium) A constrained planner equilibrium
is an equilibrium where a planner maximizes the household’s utility (15) subject to the
economy’s resource constraints (25); the asset pricing equation (8); the cash-in-advance
constraints h > Y, and He" = S, Y1, the non-negativity of foreign domestic money
holdings hi'* > 0; the equilibrium on the market for money H; = Sy(hF + hi™*); the
consolidated bond and money market equilibrium a* = gfl;; the zero lower bound i; > 0;
and the foreign liability constraints (27) and (28). The planner’s choice variables are
(i¢, St, Stx1, 9f L, nfle, bEBY Hy b Ry af).

The central bank’s program is:

max E{U(Ct) + ﬁU(Ct_H)

+n, (Y, — Cy + nfly)

Fiier Yoot = Cot = (L idnfl+ [0 07) = (1 i) g ] afte + vl (2 = hfT)|
+Eie

+A (R - Y,)

+AF (g’—t — htH)

+A (gfl, — bFPE — nfly)

+A (bF + 05PE — hll — gf1,)

g (Et (m;k+1 [(1 i) —(1+ z't)sf;D +Tgfl + x) }

and we treat S;,; as an exogenous variable since Sy, ; = He"/Y;,;. Here, we substituted
the foreign demand for domestic assets a/’* with gfl, and hf'* with H,/S; — hi’.

Consider the first order conditions for assets:

/nfly: = By (e (14 63)) —A =0 (29)

/Hy Ey (7715+1 |:it % ]) +A[ =0 (31)
St+1

JbCBE ~A+A =0 (32

8When capital controls are in place, however, Bacchetta et al. (2013) show that sterilized interventions

can affect the country’s intertemporal allocation.

10



Equation (32) implies that A — A = 0. This means that the central bank equalizes the
marginal benefit of relaxing the foreign-currency and domestic-currency debt constraints
by adjusting its assets and liabilities and going shorter in the asset whose shadow cost is
higher and longer in the asset whose shadow cost is lower. Also note that 1, = U'(C}),
Ny1 = U'(Cyiq), and that my; = n.1/m is the central bank’s discount factor, which
coincides with the household’s (see Appendix A.1).

3.3 Optimal foreign exchange interventions

We can examine the impact of sterilized and unsterilized FX interventions by examining
Equation (30) with A — A = 0.

Sterilized interventions Equation (30), with A — A = 0, can be rewritten as follows:

. cov(myy1, X/ 1) o)
—-F — I'=0 33
\ e Etmt+1 ntEtmt—&—lJ ( )
MBFX,

The left-hand side, M BF X, corresponds to the marginal benefit of sterilized foreign ex-
change interventions, that is, of expanding the central bank’s balance sheet by going long
in foreign bonds and short in domestic bonds. It is composed of the excess return on for-
eign bonds, minus the risk premium associated with this excess return, plus the marginal
benefit of the resulting price distortions. If, in the absence of interventions, M BF X,
is positive, then it would be optimal for the central bank to perform foreign exchange
interventions. These interventions can drive the marginal benefit to zero, achieving an
optimal central bank balance-sheet, as we will see in more details later.

Since Fy X}, < 0 for safe haven countries, M BF X; may be be positive. In contrast, for
non-safe haven countries M BF X, is likely to be negative. In this case, FX interventions
are always costly and will not be used unless there are offsetting benefits that we have
not modeled.

Substituting £, X}, using Equation (10), we can rewrite the marginal benefit of foreign

exchange interventions:

—devCIP
———
MBFX, = _Fgflt +X COU(m:Jrh X:H) _cov(th, Xt*+1> Qg r (34)
Eymi 4 Eymi J Eimiq N Eimy gy

—devUIP
Equation (34) shows how CIP and UIP deviations affect the central bank incentives

to buy FX reserves. This can be summarized in the following proposition:

Proposition 1 Consider the SDF of domestic households, m;, and of international fi-
nancial intermediaries my and the excess return in foreign currency, Xy, . The benefit

(or cost) of foreign exchange intervention M BF X, depends on

11



(1) CIP deviations when cov(myy1, X[\,) = cov(mi, X7\ ).
(ii) UIP deviations when cov(myi1, X7\ ) = 0.

In fact, the intermediation friction generates two wedges that are relevant to the
central bank. First, the CIP deviation, which is a riskless excess return. Second, the
difference between the foreign and domestic risk premia. If the foreign and domestic
agents have the same risk premium, then the central bank should seek to shut down CIP
deviations. This is the case in the absence of risk, as in Amador et al. (2020), or when
financial intermediaries have the same discount factor as households. In contrast, in the
limit case where the domestic agents have negligible risk aversion as compared to financial
intermediaries, then the sum of the two wedges is equal to the UIP deviation, and the
central bank optimal policy would be to eliminate UIP deviations.”

However, in general, the sum of the two wedges does not coincide with either the
CIP or the UIP deviations. In particular, a safe haven currency may be more desirable
for foreign investors as a diversification hedge than for the domestic investors so that
cov(mi, Xi ) > cov(myyr, X[yy). If the difference is large enough, it can be optimal
for the central bank to increase the country’s long exposure to foreign currency and the
country’s short exposure to domestic currency.

Finally, we examine the last term in equation M BF X, which arises from a monopoly
power of the central bank. The central bank has an incentive to not fully shut down its
risk-adjusted foreign currency excess return in order to maximize its profit. Appendix

A.2 shows that this term is equal to:

E; <mt+1 St )
D= _1gfi, iaal

Em S,
NeLogMy41 Emy 1 By (mi 2

St+1

(35)

This term is of the same sign as —g fl;, home’s gross external position in domestic currency.
If the country is short in domestic currency (gfIl; > 0), then «p is negative. When
accumulating foreign currency assets by issuing domestic currency liabilities, the planner
increases the domestic interest rate ¢, and hence reduces the foreign currency excess return.
The resulting opportunity cost is proportional to the economy’s gross external position.
This term also depends on I', which measures the impact of domestic currency issuance
on the excess return. The higher I', the more difficult it is for foreign intermediaries
to absorb additional foreign currency assets, the higher the impact of foreign currency
issuance on the excess return.

To summarize, there could be a benefit of intervention for a safe haven currency if its

hedging property is more valued by international investors.

9This is what Itskhoki and Mukhin (2021) implicitly assume. In their linear approximation, they
take the level of risk to zero but ensure that the risk premium of the financial intermediaries remains a
first order object by rescaling their risk aversion, but not that of the households. This implies that the
intermediaries’ risk aversion is an order of magnitude higher than that of the households. As a result, it

is optimal to eliminate UIP deviations.
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Unsterilized interventions Consider now unsterilized interventions. Equation (31)
implies that A# > 0 if i; > 0, meaning that H;/S; = hi’ constrains unsterilized interven-
tions outside the ZLB, but not at the ZLB.

It is in principle more advantageous for the central planner to buy foreign assets by
issuing money (H;) than by selling bonds (B/*), as long as i; > 0. However, this strategy
is made ineffective in equilibrium by the unwillingness of foreigners to hold money when
is > 0 (Hy/S; = hi"). As domestic households need a fixed real quantity of money, issuing
more money would be purely inflationary and would not increase the capacity of the
central bank to buy foreign bonds.

At the ZLB however, when i; = 0, foreigners may want to hold money. In that case,
sterilized and unsterilized interventions become equivalent and M BF'X; is the marginal
benefit of both sterilized and unsterilized interventions, so that the above analysis applies.
Whether foreign bonds are acquired by increasing H,; (unsterilized intervention) or by

decreasing BEP (sterilized intervention) does not matter.

Exchange rate and interest rate determination Outside the ZLB, S; and i; are
undetermined. The excess return, which depends on Sy(1 + 4;), is set optimally by the
central bank, for a given expectation of S;,1, and it is compatible with different combi-
nations of S; and ¢;. However, if the central bank fixes the supply of money to a given
level H, then S, is determined by the equilibrium on the money market, and then i, is
determined by the optimal foreign exchange intervention, for a given S;. If the optimal
excess return on domestic currency becomes too low, then the interest rate hits the zero
lower bound, and S; adjusts to clear the bond market and delivers the optimal excess

return.

3.4 Implementation of the Optimum in a Decentralized Equi-
librium

Here we discuss how the optimum is implemented in a decentralized equilibrium by an-
alyzing households’ optimal choices. Consider the central bank’s foreign exchange inter-
ventions (sterilized or unsterilized). These interventions are relevant for the economy’
gross foreign liabilities. Suppose that the optimal gross foreign liability position of the
economy is g/]? L.

The households’ optimal portfolio allocation, characterized by Equation (17), can be
compared with Equation (30). For Equation (30) to be implemented in the decentralized
equilibrium, we need that

M\ = —qqT (36)

where we used 1, = U'(Cy), mp1 = U'(Ciyq) and A — A = 0. In safe haven countries,
where typically ¢gfl, > 0 and hence oy < 0, optimal foreign exchange interventions are

only consistent with the households being financially constrained when issuing domestic-
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currency bonds (M > 0), since \f’ > 0. The central bank, as we have seen, does not
fully exhaust the —private— marginal benefit of going long in foreign currency and short in
domestic currency. Households can be prevented from exploiting this residual marginal
benefit only if their domestic-currency borrowing constraint is binding.

In practice, the central bank desires fewer domestic liabilities than households. The
optimum is then easily implementable for the central bank by supplying just the right
amount of domestic liabilities to complement the existing public domestic supply and
reach g/flt, through foreign exchange interventions. More precisely, the optimal foreign

exchange intervention must satisfy
WP = gfl,— (o — ") (37)

The domestic currency bonds issued by foreign exchange interventions /b\tCBF must close
the gap between the optimal gross foreign liabilities g/flt and the existing real supply of
domestic bonds, which is equal to the amount of government bonds that are not held by
the central bank to back households’ asset holding b¥ — k. For that level of domestic
currency bonds, households would like to issue more domestic currency bonds (b7 < 0),
but they are prevented from doing so by their no-borrowing constraints. That way, the

optimum is implementable.'’

4 A Linear Version of a Safe Haven Economy

In this section, we focus on the safe haven currency case. We consider a linearized ver-
sion of the model and assume lognormal shocks. We do not model the reasons behind
the safe haven status and simply assume that the domestic currency is expected to ap-

11

preciate when global output slows down."" The objective is to derive cov(m;,, X}, ;)

and cov(myi1, X7, ;) to evaluate the opportunity cost of FX interventions given in (34).
We assume that the SDF of international financial intermediaries is proportional to a

global variable Y;*, that we call world output.'” We assume that ;% is log-normal with

1ONote that if g/]?lt < 0 (ap > 0), then Equation (36) would imply that A" > 0 (since M > 0),
meaning that the household should be constrained in issuing foreign-currency bonds for the optimum to
be implementable. Indeed, in that case, the central bank would typically save in domestic currency and
borrow in foreign currency, but there would remain a private benefit of going short in foreign currency
and long in domestic currency, which can only be consistent with a binding constraint on foreign liabilities
in a decentralized economy. The optimum can be implemented by the central bank (or government) by

supplying just the right amount of foreign-currency liabilities to reach —g/flt.
HUThere is a small literature trying to provide explanations for safe haven effects, but the focus is on

the US and the mechanisms do not apply to a small countries. See Maggiori (2017) or Hassan et al.
(2021). Papers that model time-varying safe haven effects include Gourinchas and Rey (2022), Devereux

et al. (2022), and Kekre and Lenel (2021).
12In the empirical section we will use the net wealth of financial intermediaries rather than global

output.
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Yy ~ N(o}/2,07). This assumption normalizes the expected foreign stochastic discount
factor to § under log-utility: Eym; , = E(8/Y4 ) = B.

The SDF of domestic households is proportional to domestic output Y;. We assume
that log(Yi41) = alog(Yy,) + (1 — a)o;/2 to take into account the correlation between
domestic output and the global variable, with « > 0, while ensuring that E(Y,,1) =
E(Y7,). With the appropriate assumptions on h, we can assume that Sy, = He’ log(Vi%1)

We make the following assumption:
Assumption 1 (Safe haven) p > 0 and a < 1.

A positive p captures the hedging capacity of safe haven currencies: the exchange rate
appreciates when global output is low, so the domestic currency is a good hedge against
global output fluctuations. A low « reflects the small exposure of the domestic output
to global risk. Domestic output comoves with global output, so the domestic currency is
also a hedge for domestic households, but since domestic output is less volatile, domestic
households will in equilibrium be willing to be short in domestic bonds.

We denote from now on the variables in log with a tilde: ¥ = log(Y") and Y* = log(Y*).
We also define i¥ = log(1 + i) and 7, = log(1 +4;). We further assume that Y; = Y;*.
Since the optimal H; is undetermined, we fix it to H; = 1. These assumptions imply that
Sy = H;/Y; = 1 outside the ZLB.

4.1 Optimal Allocations

We first solve for the equilibrium for given n fl, and gfl; in order to evaluate the planner’s
optimality conditions as a function of nfl; and gfl;. We will consider in turn the case
where the ZLB is not binding and the case where it is. We assume log-utility and use
second-order approximations.

The household’s budget constraints yield:

ét = nflt — nflf
Corr = Yor (L nfly + gfly) — (nfly — nfl2) (L +14;) — gfL.X] (38)

See the details of the derivation in Appendix B.1. Besides, we have Sy = pfft’fH.

The foreign and domestic interest rates must satisfy

E,(eMintii) =1 (39)
Byt SSntio) = 1 4y + Tgfl, (40)
This yields:
1
1+ =—
e
1
(140, = 51+ X+ Tgfle =400 (41)
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See Appendix B.2 for a full derivation. These equations define respectively the foreign
interest rate i; as a function of the subjective discount factor and (1 + 4;)S; as a function
of financial frictions (I" and x), of the hedging properties of the domestic exchange rate
and of gross foreign liabilities. This determines i; outside the ZLB (since S; = 1) and S;
at the ZLB (since i; = 0).

What are the implications for foreign exchange interventions? We can write the dif-

ference in risk premia as follows

cov(my,y, Xi) _ cov(mut1, Xiyy)

1
” = (14 x+Tgfly) (1 —e B 42
Eymi, Eymygq 5( 2 ) (42)
where Acov = cov(myyq, S't+1) — cov(myyq, S't+1) is the difference between the covariance
of the log-linearized domestic currency excess return with the intermediaries SDF and the

covariance with the domestic SDF. In Appendix B.3 we show that
Acov = poy [1 — a1+ nfly + gfli) — pgfli] (43)

In a safe haven economy as defined in 1, if nfl, and ¢gfl; are not too high, this covari-
ance differential is positive. This implies that the difference in covariances introduces an
incentive for the central bank to perform foreign exchange interventions. The domestic
economy is less exposed to global risk, so the planner is willing the go short in domestic
bonds and long in foreign bonds. Notice that this covariance differential is decreasing in
g fl;. By increasing its balance-sheet exposure to exchange rate risk, the planner increases
the risk exposure of the domestic household and the domestic covariance catches up to
the foreign one.

However, this covariance differential is only one component of the planner’s optimality

condition (34). The following lemma lays down explicit expressions.

Lemma 1 Suppose that the economy is a safe haven as in Definition 1. Denote by g/flt
and nfl, the optimal gross and net foreign liabilities. We focus on solutions where nfl, <
[—1log(B) + a?)]/2. Then:

(i) n/f\lt = min{bf — 1,n_ﬂ(g/]?lt)}, where nfl(gfl,) is defined in Appendiz B./;
(i) Q/J?Zt is implicitly defined by:
1 — (14 x+20gfl)e 2" =0
where Acov is defined by Equation (43).

See the proof in Appendix B.4. Result (i) comes from the fact that the household may
be financially constrained. In that case, nfl; = b¥ — h¥, where hil = 1. Otherwise, the
level of net foreign liabilities n fl equalizes the domestic and foreign discount factors in

expectations. Note that in that case, the household can only issue foreign bonds, because,
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as we have seen, we must have M > 0. Result (ii) derives from the optimality condition
with respect to gfl;, Equation (34). It reflects the fact that the planner does not fully
shut down the domestic currency excess return rent (hence the extra term in I'" on the
left-hand side). The planner intervenes enough to take advantage of the excess return,

but takes into account the fact that interventions decrease the domestic excess return.

4.2 Comparative statics

Lemma 1 implies that, at the optimum,

o po?[1 — a(l+nfl)] — x
gIte 2T + pla + p)o?

(44)

This is shown formally in Appendix B.5. Since we analyze safe haven economies, we focus
on the case where g/flt > 0.

Note that g/f [, depends negatively on n/\flt. Indeed, higher leverage makes the economy
more vulnerable to global risk and hence reduces the incentives of the central bank to
take more risk on its balance sheet. What parameters drive n/\flt? In the case where the
households are unconstrained, we show in Appendix B.5 that, under some conditions,
gf\lt is positive if 05 is high and « is low, while y and I" are not too large, even though the
path of domestic output is the same as the foreign one on average. This is due to the fact
that domestic households are less exposed to global risk than the foreign investors, which
lowers the domestic discount factor relative to the foreign one. This is akin to an “inverse
precautionary saving motive”. This low risk exposure generates a borrowing motive that
can drive the domestic households to hit their no-borrowing constraint if the government
debt is too low (b¢ — 1 < nfl,).

In what follows, we suppose that the households are constrained so that n/\flt =b¢ -1

is given. In that case, the optimal level of intervention is given by

~epE _ paz[l —ab¥] — x
! 2T + p(a + p)o?

- (0f = 1)

where we used equations (37) and (44).
The comparative statics for optimal FX intervention is given in the following propo-

sition:

Proposition 2 Consider a safe haven economy as defined in 1. Suppose that g/flt >0

and nfl, = b% — 1. Then optimal foreign exchange interventions, b¢BF :
(1) are increasing in risk measures o, and p;
(ii) are decreasing in intermediaries financial frictions I' and x;

(iii) are decreasing in the domestic output exposure to global risk o, as long as b > 0;
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(iv) are decreasing in the supply of government bonds b¥;

Points (i) to (iv) can be shown by taking the derivatives of b¢5F

with respect to oy, p,I,
X, a, and b¢.

Risk tends to increase the covariance differential Acov, which generates an excess
benefit of foreign exchange interventions, while the intermediation frictions generate a
cost. The exposure of domestic output to global risk decreases the covariance differential
and generates a cost. Point (iv) arises from the substitutability between government
bonds and the central bank’s sterilization bonds (see Equation (37)). If the government
issues more bonds, then this reduces the need for the central bank to issue domestic bonds
through FX interventions.

Interestingly, an increase in risk, which increases the optimal g fl;, typically generates
both a more negative UIP deviation and a more positive CIP deviation, as the finan-
cial intermediaries are obliged to absorb the excess domestic currency bonds. This is

established formally in the following proposition:
Proposition 3 Suppose Suppose that g/flt >0 and mt =0b% — 1. Then:
(i) Zy,, is increasing in o, (it becomes more positive);
(ii) B, X/, is decreasing in o, (it becomes more negative) if I' is not too large;

See the proof in Appendix B.6. The CIP deviation becomes more positive when risk
increases, as financial intermediaries need to absorb more capita inflows (more gfI;). As
risk increases, the UIP deviation becomes more negative, because it affects positively the
foreigners’ risk premium. However, if the intermediation friction is large (T is large), the
increase in the CIP deviation can offset the increase in the risk premium, and total the

impact on the UIP deviation becomes ambiguous.

4.3 Numerical Illustration

These comparative statics hold both outside and inside the ZLB. The only difference is

that at the ZLB, 7; is constant at zero, while S; adjusts. To illustrate this, we show a
2
o
of 05 under a baseline specification of parameters, both for ZLB and non-ZLB. We also

numerical example varying the level of risk o;. Figure 2 shows the comparative statics
consider two levels of b¥: 0.5 and 1.2. Panel a) shows the negative relationship between
the domestic interest rate and risk through a standard Euler Equation argument. The
ZLB is attained at 02 > 0.055. At the ZLB, it is the exchange rate which adjusts to
accommodate higher risk through an appreciation (see Panel b)). Panel c) displays the
deviations from UIP (E,X/,,) and CIP (Z/,;). As we can see, an increase in risk leads
to a more negative UIP deviation, and a more positive CIP deviation, as explained in
Proposition 3. For Panels a) to c¢), the level of public debt b does not have a large

impact.
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Panel d) shows that ’gtc BE increases with risk because of the positive covariance differ-
ential (see equation (43)) resulting from the assumption of safe-haven (o < 1 and p > 0).
However, the level of b8 is only positive when b¢ = 0.5. When b¢ is large, the central
bank prefers buying domestic bonds rather than foreign bonds. This perspective is con-
sistent with the experience of Switzerland and Japan. Swiss public debt has been below
50% in the last 15 years, while it has been higher than 200% for Japan.

Figure 2: Comparative statics of 05
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Notes: Baseline parameters : f=0.97,x =0.2I' =0.1,a = 0.6,p = 0.4.

5 Empirical Analysis

In this empirical section, we argue, as other authors have done, that the CHF and the
JPY are safe haven currencies. We then evaluate a key determinant of the optimality

of foreign exchange interventions in these economies, namely the covariance differential
cov(my, 1, X7 4) o cov(me41,X{ )
Eimyy

in Equation (34). We show that this term is positive, which

Eymi
is compatible with a net benefit of foreign exchange interventions.
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5.1 CHF and JPY as Safe Haven Currencies

The safe haven properties of the Swiss franc and the Japanese yen have been documented
by various authors, e.g., Stavrakeva and Tang (2021), Ranaldo and Séderlind (2010),
Grisse and Nitschka (2015), or Fink et al. (2022). We confirm this by relating expected
excess returns to various sources of risk. We compute UIP deviations using short-term
rates from Datastream and survey data from Consensus Economics.'® In particular, we
consider deviations using i € {CHF, JPY} as the domestic currency and the USD as the
foreign one. Let us define the log excess returns of going long in the domestic currency

from the international investors’ perspective:
* . -
Ty =1 — i + S — Si1 (45)

Table 1 shows the correlation between expected excess returns in CHF and JPY
(Exy, ;) and different measures of risk. Since 2010, this correlation is systematically
positive, suggesting that agents tend to expect the CHF and JPY to yield excess returns
at times of heightened uncertainty. When considering the entire sample (from 1999 to
2021), the correlation is systematically weaker or negative, which suggests that the CHF

and JPY have reinforced their perceived safe-haven properties since 2010.

Table 1: Correlation between UIP deviations and (global) risk variables

Corr(RiskVariables, E(z},,))
A) CHF/USD B) JPY/USD
Sample USEPU GEPU WUI USEPU GEPU WUI

1999-2021 -0.23  -0.29 -0.30 -0.11 -0.03  0.06
2010-2021 0.14 026 0.41 0.14 0.32  0.43

Notes: This table displays the correlation between Ex},; (at a 3-month horizon) and different risk
variables for the whole sample and a subsample starting in 2010. Panel A) displays this correlation
taking the CHF as the domestic currency and the USD as the foreign one. Similarly, Panel B)
considers the JPY as the domestic currency. USEPU is the US Eonomic Policy Uncertainty index
developed in Baker et al. (2016). GEPU is the Global EPU. WUI is the World Uncertainty Index
developed in Ahir et al. (2022). Since WUI is only available at a quarterly frequency, we take the

quarterly mean of UIP deviations when computing the correlation.

To examine the dynamic impact of uncertainty shocks, Figure 3 runs a local-projection
regression (Jorda (2005)) of a Global Economic Policy Uncertainty (EPU) shock on
E(x},;). The results show that, following an unanticipated shock to the Global EPU,
E(x},,) tends to increase both for the CHF and the JPY. In other words, the CHF and

the JPY are generally expected to appreciate following an uncertainty shock.

13See Kalemli-Ozcan and Varela (2021) for a recent analysis of UIP deviations using Consensus Eco-

nomics survey.
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Figure 3: Local Projections to a Global EPU shock
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Notes: This figure shows the results from the Local Projection of a Global EPU shock on the UIP
deviations, using the CHF and the JPY as the domestic currency, respectively. Formally, we identify
an uncertainty shock (shock;) outside of the system by taking the residual of an AR(1) on our Global
EPU variable in the spirit of Stock and Watson (2012) who uses the VIX. We then run E(z} ,) =
al 4 Byshock, + Mz, + u?+h for h = 0,...,12 where z; are control variables made of p = 6 lags of the
dependent variable. We then report 3" at each horizon as well as the 90% confidence intervals using the

Newey-West estimator.

5.2 On the Optimality of Holding Reserves

The theoretical analysis has shown that the incentives for FX interventions depend cru-
cially on the difference between cov(my,,, X/,,) and cov(my1, X/\,) (Equation (34)). In
this subsection, we provide estimates of the covariances between xj,; and m;,; or my;.
For domestic households, we simply assume that m;,1 = 5(Cyy1/C;) ™7, where 1/ is the
rate of intertemporal substitution.

For international financial intermediaries, we follow the literature on intermediary
asset pricing (e.g., see He and Krishnamurthy (2011) or Brunnermeier and Sannikov
(2014)), and assume that their SDF is proportional to their net worth NW;:

ey o

m:+1 =p ( N,

As in He et al. (2017), we assume that the financial intermediaries’ net worth is related
to the aggregate wealth in the economy (denoted by WV) and the intermediaries’ capital
ratio (denoted by ;). This specification implies that the marginal utility of wealth of
financial intermediaries rises when the aggregate wealth in the economy or the equity
capital ratio is low (or a combination of the two). The first term captures the asset
pricing effect of weaker fundamentals, while the second captures the idea that the inter-
mediaries’ risk bearing capacity is impaired when the capital ratio is low. As a result,
risk aversion increases the marginal value of wealth. Using time-series and cross-sectional

asset pricing tests, He et al. (2017) show that this specification captures well the marginal
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utility of wealth of financial intermediaries, and find supporting evidence that financial
intermediaries are indeed marginal investors for a wide class of assets.

In our empirical exercise, we consider two specifications of the SDF of financial in-
termediaries. In the first, net worth is related to the equity capital ratio from He et al.
(2017) (denoted as nf5*) and the MSCI World Equity Index (denoted as W}Y;). The
second uses the measure of capital ratio developed in Adrian et al. (2014), which is defined
as the (inverse of) book leverage of security Brokers & Dealers and is computed using
balance sheet data reported in the Flow of Funds from the Federal Reserve Board. It is
computed as the ratio of total equity (total financial assets minus total financial liabili-
ties) to total financial assets. We denote it as n;{i" and interact it with the MSCI World
Equity Index to get a measure of the net worth of financial intermediaries. To convert
these measures into a growth rate (as suggested by (46)), we follow the approach in He
et al. (2017). In particular, we first approximate the growth rate on aggregate wealth
using the excess returns on the MSCI World Equity Index, using the 3M US Libor as the

risk free rate. Second, we define the intermediary capital risk factor as the residual from

NWigr -
NW, 1S

then defined by the interaction between the excess returns on the MSCI World portfolio

an AR(1) on the measures of capital ratio divided by the lagged capital ratio.

and the intermediary capital risk factor.

Because our focus is on financial intermediaries, we consider a quarterly horizon to
compute the excess returns, variations in net wealth and real consumption. The idea is
that a quarter aligns well with the relevant horizon of financial intermediaries, especially
when it comes to regulatory requirements. Du et al. (2018) notably document that CIP
deviations tend to be systematically larger around quarter-ends and interpret this as
evidence of the causal effect of banking regulation on asset prices. Intuitively, a good asset
would be one that provides higher returns when the intermediaries’ wealth is relatively
low, and this may be particularly valuable at the quarter end, when regulatory constraints
are more likely to bind.

Table 2 displays the covariance between quarterly excess returns and the different SDF
proxies using either the CHF or the JPY as the domestic currency, keeping the USD as the
foreign one. The second and third column displays the covariance between excess returns
and the SDF defined using the capital ratio measure from He et al. (2017) and Adrian
et al. (2014), respectively. The last column displays the covariance between the excess
returns and the SDF of the Swiss and Japanese households. We assume that § = 0.99
and v = 5. For each currency, we consider the whole sample running from 1999 to 2021
and a subsample from 2010 to 2021.

The results show that the correlations between the proxies for the SDF of financial
intermediaries and excess returns are clearly positive since 2010, both using the CHF and
the JPY as the domestic currency, and for both measures of the SDF. In other words,
being long in CHF or JPY tend to provide higher returns when the marginal utility of
wealth of financial intermediaries is high, which support that the CHF and the JPY
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Table 2: Cov(x} , m;, ;) and Cov(x}, |, Miy1)

A) CHF domestic currency, USD foreign currency

Fin. Intermediaries HH
NWiy1 = UﬁlfM X Wt‘i‘i-/l UELEM X Wt‘i/l Ogs-ﬁ[
1999-2021 -1.83% 3.84% -0.01%
2010-2021 1.59% 0.88% -0.03%

B) JPY domestic currency, USD foreign currency

NWi = pfEM W@, ofEM x Wi, ¢/
1999-2021 18.08% 1.91% 0.15%
2010-2021 4.71% 1.76% 0.2 %

Note:

The table shows the correlation between quarterly excess returns and different proxies of the SDF
of (international) financial intermediaries and Swiss and Japanese households. Excess returns are
computed according to (45). The SDF of financial intermediaries is defined as 3 (NW;11/NW,) .

For Households (HH), it is defined as 8 (Ciy1/C)” 7. We assume v = 5 and 8 = 0.99. n/ZKM is

retrieved from Zhiguo He’s website. nﬁﬂM is computed using balance sheet data from the Federal

Reserve Flow Of Funds (Table L.130). The MSCI Equity Index is retrieved from the MSCI website
and is divided by the US CPL Real consumption growth for Switzerland and Japan (CSH,C/H) is
retrieved from the FRED website. All variables are quarterly.

behave as a hedge for international intermediaries. On the other hand, the covariance
between excess returns and SDF based on real consumption growth tend to be close to
zero and thus systematically smaller since 2010. In the case of Switzerland, Proposition
1 implies that it is not CIP but UIP deviations that should matter for FX interventions,
since cov(myy1, 2}, is about zero. For Japan, cov(mf,,x;,,) > cov(muiq, ;1) > 0, so
that Equation (34) should be applied.

6 Conclusion

The GFC was followed by significant changes in the international monetary system. We
have been observing systematic deviations from CIP, an increased demand for safe assets,
a strengthening role of the USD as a reserve currency and strong increase in central bank
balance sheets. In this context, there has been a stronger demand for safe have currencies
and a higher motivation of central banks in these countries for FX intervention. In the
case of the Swiss National Bank, the spectacular increase in its balance sheet has occurred
exclusively through the purchase of foreign assets.

The objective of this paper is to provide a simple framework to clarify some aspects
of these developments. To explain the difference in UIP and CIP deviations in safe haven

economies, we follow the recent literature that gives a key role to constrained international
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financial intermediaries. However, we assume that these intermediaries face exchange rate
risk and value the hedging properties of safe haven currencies. The increased demand of
these currencies may push the central bank to intervene and limit the extent of currency
appreciation.

We examine the opportunity cost of FX intervention when CIP and UIP deviations are
of a different sign. We show that whether CIP or UIP matters depends on how domestic
residents value the hedging property of their currency compared to international investors.
If they give no value to its hedging property, UIP deviations should matter. This may
imply an opportunity benefit, and thus a higher incentive, for FX accumulation. We show
that the incentives to accumulate FX reserves in safe haven countries increase with the
level of global risk or of effective risk aversion of international intermediaries. In contrast,
the incentive decreases with the level of global debt.

We also attempt to estimate the opportunity cost of intervention for Switzerland and
Japan. We find that in both countries, domestic households value less the hedging proper-
ties of their currency than international investors. Overall, the incentives for intervention
are stronger for Switzerland as the difference with international investors is larger and
its public debt is much smaller than in Japan. While our analysis focuses on small safe
haven countries, it also sheds some light on the difference between the properties of safe

haven currencies and those of a reserve currency such the USD.
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A Proofs - Constrained Planner Program

A.1 Other FOCs

We take the derivative with respect to hf:

Sy
H .
/ht . (77t+1 |:Zt St

Equations (47) and (31) then imply that A¥ = A = A. Therefore, when A = A = 0,

AP = 0. This reflects the fact that, while households want to minimize their money

D+AH A —A=0 (47)

holdings because they represent a cost (when i, > 0), the amount of money held by the
households is not relevant to the central bank when the economy is not constrained in
its capacity to issue debt, since seigniorage is redistributed to households in period ¢ + 1.
The cash-in advance constraint is relevant only to the extent that it also restrains the
capacity of the economy to supply domestic assets to the rest of the world, just like the
no-borrowing constraints.

We now take the derivatives with respect to prices:

Sy H, S
Jis : —E e | 9fli+ = = W' )| + € —aoE (mf,—— ) =0 (48)
S+ S} St1
. S . St H:|) FHt
Sy —-F 141 ly — i h A" —
/St (77t+1 {( t)St+1gft tSt+l 3,

. S
—ay {E <mt+1(1 +zt)5t;)} -0 (49)
Finally, we derive with respect to consumption:

/Cy U'(Cy)—n =0 (50)
[Crya : E(BU(Ciy1) = mi41) =0 (51)

These equations imply that m,grBl = 1/ = BU(Cpir) /U (Cy) = myyq.

A.2 DMonopolistic term

Here we have to distinguish two cases. Either i, > 0, and in that case £ =0, H;/S; = hH
and A" > 0. Or i, = 0, and in that case £ > 0 and AF = 0.

In the former case, Equation (48) yields
E (mt+1 Sft )
— gl (52)
m E (miy )

where we have used E(m41/m:) = myt1. o is of the same sign as —gfI, home’s gross

Oéo

external position in domestic currency. If the country is short in domestic currency, then

Qp is negative.
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Note that in that case, Equation (49) becomes redundant with (48) (we have to use
Equation (31)). This means that there is some nominal indeterminacy. This nominal
indeterminacy does not come from the future exchange rate, which is exogenously fixed,
but from the amount of excess return adjustment that comes from 4, and S;. In other
terms, the optimal nominal money supply H; is undetermined. For instance, if the supply
of money H; is higher, then the exchange rate S; will be higher (more depreciated), so
that the optimal interest rate i; will be have to be lower to generate a given excess return.

In the latter case, Equation (49) yields the same equation. Note that in that case, the

exchange rate is not undetermined, because i; = 0.

B Proofs - Linear Case

B.1 Equation (38)

We can rewrite the resource constraints (25) as

Ot — }/% (1+ niif)

. omfly 4 gfle Xia
CtJrl o Y;Jrl (1 Yi 14+gt+1 Y 14gi41

with 1+ g1 = Yi1/Y;. We used the fact that, in equilibrium, (H;/S; — hi?)i;S;/Seq is
equal to zero (either H;/S; — hfl = 0 or i; = 0). Taking logs and using a second-order
approximation (assuming Y 1, nfl;/Y;, gfl/ Vs, X/, and g441 are small), we obtain

S _ vy onfle (g

C,=Y, + 7 <Tt>

- - 2
Ciy1 =Y — ”th(l +if = Giy1) + <n1];lt> (L+47) — %(Xt*—&-l — 9i11)

Finally, we use the approximation g;,; = fQH —Y, along with the assumption that V; = 1
and hence Y; = 0 to obtain Equation (38)

B.2 Equations (41)
Equation (39) yields

Et(em;;ﬁi:) -1

B ) +3V (i )+if _

Plos(B)+E(=yf )+ 5V (B )+

6log(,3)+gf _
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Similarly, Equation (39) yields
Et(em:+1_st+1+zt+gt) =1 + X + Fgflt
eE(Tht*+1—.§t+1)+%V(fn;‘+l—§t+1)+%t+5t =14y +Tgfl,

elos(B)—E((+0)5i ) T3 V(AT ) FutS — 1 4y 4 Tgfl,

elog(ﬁﬁr%a%ﬂﬁr@ — 1 _'_ X + Fgflt

This yields (41).

B.3 Optimal foreign exchange interventions

The difference in risk premia can be written as follows

COU(m;fk-i—l?X;—&-l) . COv(mt+17X;+1) — l(l +x+ Fgflt) (1 . ecov(S'H_l,rhf+1)fcov(§t+1,rht+1)>
Eymi, E(my4q) B

We used

cou(miyy, Xpy) = cov (mipy, (L4 i) g ) = cov(mi,y, (1+77))

-~

=0
=E(m;,(1+ it)sfil> —E(mj,) E ((1 + z't)sfj1>
— F (emintutSi=Sm) _ g (eﬁlfﬂ) E (egﬁgt_gt“)

— F em;‘+1+it+§t—§t+1 [1 _ ecov(§t+1,rh;‘+1):|

1+X<|t}‘gflt
where we used (40), and
E(mi,) =8
which yields
cov(miyy, Xiy) 1 (Sex1,mE )
* =—(1+x+Tgfl [1 — eV 53
B, ﬁ( t) (53)
Similarly:
cov(mt+17(1+it)Sfil)—\cov(mtﬂ, (1+ z:)l
cov(mi41,X{ ) =0
E(miy1) - E(mit1)
E(mt+1(1+it) St

_ 5ii7) )
= e — B (14 i) )

e it SS) 5 (ezt+§t—§t+1>
E(emt"rl)

s s v@E L .
— 6_10g(5)+1t+st_E(St+1)+%_COU(St+17mt+l) |:1 _ 6COU(~5Y15-~-1,77%+1)i|

o V(3 ) V(i)
_ lelt‘FSt*E(SH-l)+#+E(mf+1)+++l7
B

cov(§t+1,7h:+1) [ecov(gt_H,m:+1)7cov(§t+1,7~rzt+1) o ecov(§t+1,ﬁ1f+l)
_ 1 g (emipatietSi=Si1 ) | geov(Seprmii ) —cov(Ser1 i) _ peov(Ser1miy )
B

~
1+x+Tgfl:
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where we used —log(83) = E(my,,) + M This yields Equation (42).
Now note that

m:—i—l = log(@) - ?:1—1’ (54)
and, from (38), we get
e = log(B)—aYiiy (1 +nfly + gfl)+(nfli—nfiF)(2+i) +g fl(ie—i; +Si—Sis1), (55)

using fftﬂ = afft"jrl, X = i — 52‘ + 5} — St+1 and St—H = pf/til. Therefore, we find
Equation (43).

B.4 Proof of Lemma 1

Another way to write Equation (34) is:

E(mt+1<1+i:>>_E<mt+1(1+2t) St ) + ol —

St+1 nt
(L+i) Bm) = (L+i) B (muiss)+28 =0
ﬁ) 14+x+Tgfl;
Privisits)
1 14X +Tgfl E( me41 s,gs+1 aol’ —0
E(mi,,) E(thS 1) E(mit1) neE(mey1)
rrsts)  rsms
1— (14 x + Dgfly)——e < 4 S0 2 =0
i+13 neB(mi1)
i)
Equation (35) yields
osty)  Sost)
— _ Bl G DR —
SRR A v B Al v B
E(mt+1) E(mt+1)
E(mt“SfH)
1—(1+X+2rgfzt)<’fim—t+g) -0
t+1S
E(mt+i-;_1
Besides,
E(*mt+1S3: _ GCOU(ﬁILrl,St+1)—COU(7’7"bt+17St+1) — e—ACOU (56)
B(miast)
E(mf+1)

Hence result (ii) of Lemma 1.
Note that (29) implies that

A =1 — E[my (1 +)]

A = 0 is equivalent to
Elmea(+i)] =1

E(mus) p
Bl 1) +5V (M) B
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where we used (41) and where ;44 is given by (55).

We have
2

2 2
Blitss1) = 1og(3)~(Ln o) G+ 1-1og( )]0 i 12+ (<2572 = po? 4 x+ Tafl)

where we used log(1 + x + I'gfl;) ~ x + T'gfl;, and

2 2

L : o9 P9
§V(mt+1):a(1+nfl+9fl)7+ 5 gfl

Therefore, A = 0 is equivalent to m(nfl;, gfl;) = 0 with
2
il g ) = —(1=0?) (14 g 1) 2+ {1-1og(8))(n fle—n fI2)+ (—po + x + T 1) ol
(57)
m(nfly, gfl;) is increasing in nfl; if nfl; < [—log(B) +a?)]/2. We consider only solutions
that satisfy this condition. In that case, the solution is unique. Denote by nfI(gfl;) this
solution. If nfl(gfl,) > b — hil = b% — 1, then nfl, = b — 1 and A > 0.

B.5 Solutions for gfl, and nfl,
For a given nfl;, gfl; is implicitly defined by

1— (14 x+ QI*gflt)e*poi[1fa(1+nflz+gflt)fpgflt] =0
Using log(1 + x + 2Tgfl;) ~ x + 2lg fl;, this yields

X+2I‘gflt—p0;[1—Oé(1+nflt+gflt)—pgflt]ZO

After rearranging, we obtain (44).

If A =0, (44) and m(nfl;, gfl;) = 0 jointly define nfl, and gfl;. If A > 0, then gfl,
is defined by (44) with nfl; = b¢ — 1.

Consider the case where A = 0. As before, consider solutions where nfl; < [—log(/5)+
a?)]/2 and denote by nfl(gfl,) the unique solution. Suppose additionally that 1 +
nfl(gfly) + gfl, > 0. If 02 is large, and «, x and I' are small, then m(nfl;,gfl;) = 0
implies that nfl; — nfl? > 0. As long as nfl; < 1, this implies that nfl; > 0.

Special case with @ = 0 In the special case where a = 0, we can compute implicit
solutions for nfl; and gfl; when A = 0.

First, in that case, (44) implies
poy — X

/\l _ POy X
gft 21—1+p20_§

and gf\lt is the solution to the second-order polynomial equation m(nfl;, gfl;) = 0 that

is on the increasing segment of the polynomial m(nfl;, gfl;):

o2 — —  —
UZ _ \/{1 _ UZ ’ 4?‘1/(1‘{’9]%) - (_PU§+X+F9ﬂt)gﬂt

2[1 — log(B)] 1 —log()

1
=5 1 S g (8]
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B.6 Proof of Proposition 3

Note that the CIP deviation, as defined in (9), is increasing in ¢fl; (hence (i)), since
E(mj,,) = p is fixed, and af* = gfl;.
Finally, note that the UIP deviation can be written as (we use (10), (53) and E(mj,,) =
S as well):
EXfyy =3 [x+Tofli— (L4+x+Tgfl)(1 - )]

-1 [1 — (14 v+ Fgflt)e—pﬂ

where we used the results in B.3. Replacing g fl; with g/flt and nfl; with b — 1, we obtain

2 G
% _ 1 . poy[1—aby]—x —pa2
EXG = =3 1= (14 + TRy eoved
2 G
PUy[l*abt ]*X_ 2
~ _% 1— ex-‘rF721“%0(&%0)073 poy

The derivative of E; X/ ; with respect to 02 is of the same sign as

2Tp(1 — abf’) + xpla + p)
2T + p(o + p)og]?

—p+T

Therefore, E X}, is decreasing in o, if I is not too large (hence (ii)).
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