
Theoretical Internet Appendix

Global Portfolio Rebalancing and Exchange Rates

Nelson Camanho

Queen Mary University of London1

Harald Hau

University of Geneva, CEPR and Swiss Finance Institute2

Hélène Rey

London Business School, CEPR and NBER3

December 15, 2021



Appendix A: Model and Propositions

A.1. Model Asumptions

The world has two countries and a home and a foreign investor. Both investors are risk averse and can invest in

risky home and risky foreign equity and a riskless domestic asset. The riskless asset (bond) is in fully price elastic

supply and features for both countries a constant return (in local currency) given by  = ∗ Purchase of foreign

assets by the home investor requires the acquisition of foreign balances as equity prices are purchased and sold in

local currency. Similarly all foreign dividend income of the home investors is repatriated and generates a demand

in the currency market. Investors do not hold any monetary balances and all their wealth is invested either in

equity or their riskless (domestic) bond. The exchange rate is determined through a flow constraint which balances

the currency demand of the two representative investors with a price elastic supply of forex balances on the part

of financial institutions. The net currency demand by the two investors generates an exchange rate response and

allows the liquidity suppliers to make an intertemporal trading profit.

The following 4 assumptions provide more detail on each element of the model structure. We start with the

asset market structure:

Assumption 1: Asset Market Structure

A home () and a foreign (∗) stock market provide exogenous stochastic dividend flows 
 and 

∗
 in

local currency. Home and foreign investors can invest in both stock markets. In addition, each investor

can invest in a domestic riskless storage technology providing a riskless constant return 

The domestic investor cannot access the foreign riskless investment opportunity. In particular they cannot

acquire a short position in the foreign riskless storage investment. Markets are therefore incomplete and risk

trading opportunities are generally not fully exploited. In particular, foreign exchange exposure from foreign stock

investment is not fully eliminated as it would be in a complete market setting. We believe that incomplete hedging

of foreign investment is the more realistic description compared to a world of full international exchange rate risk

sharing.1

Investors in our model are risk averse and their objective is to find an optimal trade-off between expected profit

flow of their asset position and the instantaneous profit risk. Each investor measures profits in home currency.

Assumption 2: Investor Behavior

Home and foreign investor are risk averse and maximize (in local currency terms) a myopic mean-

variance objective for the profit flow. The home investors chooses portfolio weights  = (

 


 ) and

the foreign investor choose ∗ = (
∗
 ∗

 ) so as to solve the two optimization problems

max
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 (1)

1See State Street Bank hedging ratios data.
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where E denotes the rational expectation operator. Let  = (

  


 )

 and ∗ = (
∗
  ∗

 )


denote the excess returns (in local currency) for home and foreign investors, respectively.

We define the excess stochastic profit flows for the domestic and foreign investor as

Π = 

Π∗ = ∗ 
∗
 

(2)

respectively. The investor risk aversion is given by  and the local discount rate is given by 

The myopic investor behavior simplifies the asset demand equations to linear functions in the fundamentals.

Hedging demand components are ignored under this utility specification. We highlight that both stock markets

have to clear under the optimal asset demand. For simplicity we normalize the quantity of outstanding equity to

one. This implies


 +∗

 = 1



 +

∗
 = 1

(3)

as the two asset market clearing conditions.

An additional market clearing condition applies to the foreign exchange market with an exchange rate  It

is denominated as units of foreign per unit of home currency. We can measure the capital outflows  from the

home country (in foreign currency terms) as

 = 
∗
 

 −

 


 + 


 


 −

∗
 

  (4)

The first two terms capture the outflow if all dividends are repatriated. But they can also increase their holdings of

foreign equity assets. The net capital outflow due to changes in the foreign holdings, 

 and 

∗
 are captured by

the third and fourth term. Let us for example denote the euro area as the home and the U.S. as the foreign country.

Then  represents the net capital outflow out of the Eurozone into the US in dollar terms. It corresponds to a

demand for dollar balances. An increase in  (denominated in dollars per euro) corresponds to a dollar depreciation

against the euro. Any capital outflow in our model is identical to a net demand in foreign currency as all investment

is assumed to occur in local currency. We can therefore also identify  with the demand for foreign currency in

the foreign exchange (forex) market. Furthermore, the above investor capital outflow can be linearly approximated

by


 = ( −)+ (∗

 −

 )+ (

 −
∗
 )+ (


 − ∗

 )  (5)

where the upper bar variables denote the unconditional means of the stochastic variables. We normalize  to 1.

The linearization allows for a linear model and makes the analysis tractable.

The forex demand of the investors is absorbed by liquidity supplying banks which can buffer foreign exchange

imbalances.2 The following assumption characterizes the liquidity supply.

2A generalization of the model consists in allowing for additional current account imbalances given by  = 

 −


 The

current account of the euro area is in deficit when the euro is strong and vice versa ( is the exchange rate elasticity of the current

account). This generalization is straightforward.
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Assumption 3: Price Elastic Excess Supply of Foreign Exchange

The foreign exchange market clears for a price elastic excess supply curve with elasticity parameter 

For an equilibrium exchange rate  the excess supply of foreign exchange is given by


 = −( −) (6)

where  denotes the steady state exchange rate level.

A increase in  (dollar depreciation) increases the excess supply of dollar balances. This exchange rate elastic

excess supply may be generated by the intertemporal arbitrage of risk averse forex market makers, who sell dollars

for euros when the exchange rate is high and buy dollars when the exchange rate is low. While it is possible to

endogenize the elasticity parameter  we content here with the simpler parametric representation.

Market clearing in the forex market then requires 
 = 

 and the foreign exchange rate is subject to the

constraint

− = ( −)+ (∗
 −


 )+ (

 −
∗
 )+ (


 − ∗

 ) (7)

The exchange rate level is therefore tied to the relative dividend flows, 
 −

∗
 , the relative level of foreign asset

holdings ∗
 −


  and their relative changes 

∗
 − 


  Foreign asset holdings follow from the optimal foreign

asset demand and depend on the stochastic characteristics of the exchange rate.

It is straightforward to express the payoff on a unit of domestic asset investment over the interval  as 
 .

To characterize the foreign asset payoff 

 in domestic currency we use a linear approximation around the steady

state exchange rate  and the steady state price  The gross excess returns in home currency (of a unit of asset)

are therefore


 = 

 − 
 +

  (8)



 ≈ − + 

∗
 − 

∗
 − 

h

∗
 −  ( − 1)

i
+

h

∗
 −( − 1)

i
 (9)

for the domestic and foreign asset returns, respectively. The return contribution of the exchange rate change 

on the foreign asset return is approximated by −

Finally, we have to specify the stochastic structure of the state variables spelled out in the following assumption:

Assumption 5: Divident Structure

The home and foreign dividends follow independent Ornstein-Uhlenbeck processes with identical vari-

ance and mean reversion given by


 = ( −

 )+ 

 (10)


∗
 = ( −

∗
 )+ 

∗
  (11)

The innovations 
 and 

∗
 in local currencies are independent.
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The mean reversion of all stochastic processes simplify the analysis considerably. We can now introduce variables


 and 

∗
 which denote the expected present value of the future discounted dividend flow,


 = E

Z ∞
=


 
−(−) = 0 + 


 (12)


∗
 = E

Z ∞
=


∗
 −(−) = 0 + 

∗
  (13)

with constant terms defined as  = 1( + ) and 0 = (
−1 − ) The risk aversion of the investors and the

endogenous exchange rate variability and the prediction errors imply that the asset price will generally differ from

this fundamental value.

A.2. Exchange Rate Dynamics

Next we discuss the exchange rate dynamics under incomplete markets. Two principle equilibrium forces shape

this dynamics. The first equilibrium tendency is governed by the inelastic liquidity supply for forex order flow.

Forex order flow 
 in equation (5) is accommodated by financial institutions which finance these home outflows

according to an upward sloped supply curve. The elasticity of forex liquidity supply certainly influences the implact

of net order flow on the exchange rate and indirectly the adjustment speed towards the steady state exchange rate,

. We associate the supply induced mean reversion with a first characteristic root (labeled  = −Λ). A second
important parameter for the exchange rate dynamics is the mean reversion of the dividend processes. This mean

reversion   0 is exogenous and any feedback effect from the exchange rate dynamics to the dividend process is

ruled out by assumption.

An important simplifying feature of our model is its symmetry between the home and foreign country. Symmetry

implies that the exchange rate can depend only on differences between home and foreign country variables, but

not on country specific variables itself. Otherwise the symmetry would be broken. The symmetry requirement

also implies that the exchange rate can only be a function of current and past relative dividend innovations,

 = 
 − ∗

 . These relative innovations are the only exogenous source of exchange rate dynamics.

Finally, we highlight the linearity of the model structure. The forex order flow constraint is linearized and

the exogenous dividend dynamics is linear by assumption. Moreover, we have assumed a myopic mean-variance

utility function which translates linear dividend, price and return processes into linear asset demands. It therefore

seems justified to restrict attention to the class of linear exchange rate and price processes. The argument for two

fundamental equilibrium forces justifies why we focus on two state variables ∆ and Λ both of which depend for

reasons of model symmetry on current and past relative dividend innovations  only.

The following proposition 4 states the conjectured exchange rate process and derives its implications for order

flow constraint (7).

Proposition A1 (Exchange Rate Dynamics):

Assume that equity prices  = (
  

∗
 ) denominated in local currency and the exchange rate  have
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the following linear representation


 = 0 + 


 + ∆∆ + ΛΛ (14)


∗
 = 0 + 

∗
 − ∆∆ − ΛΛ (15)

 = 1 + ∆∆ + ΛΛ (16)

with

∆ = 
 −

∗
 =

Z 

−∞
exp[−(− )] (17)

Λ =

Z 

−∞
exp[(− )] (18)

where   0 and  = 
 − ∗

 3 Then the order flow constraint (7) implies for the exchange rate

dynamics the following simple form

 = 1∆+ 2 ( − 1) + 3 (19)

where 1 2 =  and 3 represent undetermined coefficients.

Proof of Proposition A1: We have to show that for a linear price and exchange rate equilibrium investor util-

ity maximization implies optimal asset demands 
 


  

∗
  ∗

 such that hat the expression (
∗
 −

 )+

(

 − ∗

 ) in equation (7) is linear in  − 1 ∆ and . The first-order condition for the investor asset

demands (for risk aversion ) is given by⎛⎝ 
 





∗
 ∗



⎞⎠ =
1


E

⎛⎝ 
 





∗
 ∗



⎞⎠Ω−1
=

1


E

⎛⎝ 
 Ω
−1
11 + 


 Ω
−1
21 

 Ω
−1
12 + 


 Ω
−1
22


∗
 Ω

−1
11 + ∗

 Ω
−1
21 

∗
 Ω

−1
12 + ∗

 Ω
−1
22

⎞⎠  (20)

The excess returns are for the form


 = 0+ 


 + ∆∆+ ΛΛ+  


 + ∆∆ + ΛΛ (21)



 = 


0+ 





 + 


∆∆+ 


ΛΛ

−∆ − ΛΛ +  

 − ∆∆ − ΛΛ (22)


∗
 = 

∗
0 + 

∗
 


 + 

∗
∆ ∆+ 

∗
Λ Λ+  


 − ∆∆ − ΛΛ (23)

∗
 = ∗0 + ∗ 

 + ∗∆ ∆+ ∗Λ Λ

+∆ + ΛΛ −  

 + ∆∆ + ΛΛ (24)

3We note that the variance term Λ can be scaled to Λ = 1 without loss of generality as variation in Λ is observationally equivalent

to a rescaling of the coefficients 0
Λ = ΛΛ and 0Λ = ΛΛ
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where 0 

 


∆ 


Λ are four sets of indices  ∈ {  ∗ ∗} Substitution then implies

∗
 −


 =

1


E
h


∗
 Ω

−1
12 + ∗

 Ω
−1
22 − 

 Ω
−1
12 − 


 Ω
−1
22

i
=

1


[∆∆ +ΛΛ] , (25)

where we define coefficients

∆ = 2∆( + )(Ω−112 −Ω−122 )− 2[( + ) −]∆Ω
−1
22 (26)

Λ = 2Λ(− + )(Ω−112 −Ω−122 )− 2[ (− + ) −]ΛΩ
−1
22  (27)

Moreover

∗
 − 


 =

1


[−∆∆+ ΛΛ] +

1


[∆∆ +ΛΛ]  (28)

Finally, we substitute

Λ =
1

Λ
( −)− ∆

Λ
∆ (29)

and find that the term (∗
 −


 )+ (


 − ∗

 ) is linear in  −  ∆ and  Substitution into the

forex order flow constraint (7) implies a representation

 = 1∆ + 2( −) + 3 (30)

Under linearity of the price and exchange rate processes, the order flow constraint simplifies to a differential equation

in only two state variables ∆ and  − 1 This allows us to characterize the exchange rate dynamics as a system
of two first-order differential equations,⎛⎝ ∆



⎞⎠ =

⎛⎝ − 0

1 2

⎞⎠⎛⎝ ∆

 − 1

⎞⎠ +

⎛⎝ 

3

⎞⎠  (31)

The associated characteristic polynomial follows as¯̄̄̄
¯̄ − −  0

1 2 − 

¯̄̄̄
¯̄ = (− − )(2 − ) = 0 (32)

with characteristic roots 0 = 2 and 
00 = − A stable solution requires 2 =   0 The exchange rate solution

can then be written as a linear combination ∆∆ + ΛΛ of the two stochastic integrals

∆ =

Z 

−∞
exp[−(− )] and Λ =

Z 

−∞
exp[(− )] (33)

as conjectured in Proposition A1.

We can use the flow equation (7) and substitute the various terms

− = ( − 1)+ (∗
 −


 )+ (

 −
∗
 )+ (


 − ∗

 ) =

= ( − 1)+
1


[∆∆ +ΛΛ]+∆

−1

[−∆∆+ ΛΛ] − 1


[∆∆ +Λ]

= ( − 1)+

∙
1


∆ − 1


− ∆ +

¸
∆

+

∙
1


Λ − 1


Λ

¸
Λ− 1


[∆∆ +Λ] . (34)
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Next we use Λ =
1
Λ
( − 1)− ∆

Λ
∆ to get

− = ( − 1)+ (∗
 −


 )+ (

 −
∗
 )+ (


 − ∗

 ) =

= ( − 1)+

∙
1


∆ − 1


− ∆ +

¸
∆

+

∙
1


Λ − 1


Λ

¸
Λ− 1


[∆∆ +Λ]

= ( − 1)+

∙
1


∆ − 1


− ∆ +

¸
∆

+

∙
1


Λ − 1


Λ

¸
1

Λ
( − 1)−

∙
1


Λ − 1


Λ

¸
∆

Λ
∆

−1

[∆∆ +Λ]

=

½∙
1


Λ − 1


Λ

¸
1

Λ
+

¾
( − 1)+½

1


∆ − 1


− ∆ + −

∙
1


Λ − 1


Λ

¸
∆

Λ

¾
∆

−1

[∆∆ +Λ] . (35)

A comparison of coeffients with  = 1∆ + 2( −) + 3 implies that

1 = − 1


½
1


∆ − 1


− ∆ + −

∙
1


Λ − 1


Λ

¸
∆

Λ

¾
(36)

2 =  = −Λ = − 1


½∙
1


Λ − 1


Λ

¸
1

Λ
+

¾
(37)

3 =
1


[∆∆ +Λ] . (38)

Using the equilibrium conjecture  = 1 + ∆∆ + ΛΛ we can write

 = ∆∆ + ΛΛ =

= ∆(−∆+ ) + Λ(Λ+ )

= −∆∆+ ΛΛ+ (∆ + Λ) . (39)

Using again Λ =
1
Λ
( − 1)− ∆

Λ
∆ we obtain

 = ∆∆ + ΛΛ =

= −∆∆+ Λ

∙
1

Λ
( − 1)− ∆

Λ
∆

¸
+ (∆ + Λ)

= ( − 1)− ∆ [ + ]∆+ (∆ + Λ) (40)

which implies 1 = −∆, 2 = , and 3 = ∆ + Λ Combining the latter three expressing with the previous

equations gives

−∆ = − 1


½
1


∆ − 1


− ∆ + −

∙
1


Λ − 1


Λ

¸
∆

Λ

¾
(41)

 = −Λ = − 1


½∙
1


Λ − 1


Λ

¸
1

Λ
+

¾
(42)

3 = ∆ + Λ =
1


[∆∆ +Λ] (43)
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A.3. Market Equilibrium

In order to find the solution parameters 1 2 =  and 3, we have to impose the market clearing conditions

(3) and determine the steady state levels for the exchange rate,  the equity price,  , and the foreign equity

holding,  In order to obtain non-negative (steady state) prices (  0) and positive (steady state) home and

foreign holdings (0    1) we have to restrict the parameter domain of your model. In particular we have to

impose an upper bound  on the risk aversion and a lower bound  on the elasticity of the forex liquidity supply.

Proposition 5 characterizes the equilibrium properties:

Proposition A2 (Market Equilibrium):

Home and foreign investors make investment according to assumptions 1 to 4. For a sufficiently low risk

aversion of the investors with    and a sufficiently price inelastic forex supply    there exists a

unique stable linear equilibrium


 = 0 + 


 + ∆∆ + ΛΛ (44)



 = 0 + 


 − ∆∆ − ΛΛ (45)

 = 1 + ∆∆ + ΛΛ (46)

where we define as 
 and 


 the expected present value of the future home and foreign dividend flows,

respectively. The variable ∆ = 
 −

∗
 represents the relative dividend flows for the two countries

and Λ a weighted average of past relative dividend innovations decaying at rate   0. For the price

parameters we find

0  0  = 1 ∆  0 ∆  0

Portfolio holdings are given by⎛⎝ 
 





∗
 ∗



⎞⎠ =

⎛⎝ 1− 

1− 

⎞⎠+
⎛⎝ −1 −1

1 1

⎞⎠ 1

2
(∆∆ +ΛΛ) (47)

for the parameters ∆  0 and Λ  0

Proof of Proposition A2: The two market clearing conditions 
 +∗

 = 1 and 
∗
 +


 = 1 imply each

4 symmetric parameter contraints (for 
 

∗
 Λ constant) given by

0 =
−detΩ− E(

∗
 )(−Ω12 +Ω11)

(Ω11 − 2Ω12 +Ω22) (48)

 = 1 (49)

∆ = −∆ [( + ) −](Ω21 +Ω11)

( + )(Ω11 + 2Ω21 +Ω22)
(50)

Λ = −Λ [(−2 + ) −](Ω21 +Ω11)

(−2 + )(Ω11 + 2Ω21 +Ω22)
. (51)
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The forex order flow constraint (7) implies an additional 3 constraints (for ∆Λ ) given by

∆
¡
 − 

¢
+∆

1



¡
 + 

¢
= − (52)

Λ
¡
 + 2

¢
+Λ

1



¡
 − 2

¢
= 0 (53)

∆ + Λ−∆
1


∆ −Λ

1


 = 0 , (54)

with

∆ = 2∆( + )(Ω−112 −Ω−122 )− 2[( + ) −]∆Ω
−1
22 (55)

Λ =
©
2Λ(−2 + )(Ω−112 −Ω−122 )− 2[ (−2 + )−]ΛΩ

−1
22

ª
(56)

These 7 equations determine the 7 price parameters 0   ∆ Λ ∆ Λ 

Moreover, for steady state levels   0  0Λ = 0 and 0    1 we require

 = 0 +



+ ΛΛ = 0 +




(57)

 =
 [Ω11 −Ω21]− E(

∗
 )

 (Ω11 − 2Ω21 +Ω22)  (58)

The respective covariances are given by

Ω11 = ()
2
+ 2[∆∆ + Λ]

2 + 2[∆∆ + Λ] (59)

Ω12 = −2(∆∆ + Λ)
2 − [2(∆∆ + Λ) + ] (∆ + Λ)− 2(∆∆ + Λ) (60)

Ω22 = ()
2
+ 2[ (∆ + Λ) + ∆∆ + Λ]

2 + 2[ (∆ + Λ) + ∆∆ + Λ] (61)

and furthermore

Ω = 2 ()
2
+ 2[ (∆ + Λ)]

2 (62)

where we defined Ω = Ω11 + 2Ω21 + Ω22  0 as the instantaneous varaince of the total market portfolio of all

domestic and foreign equity.

Combining these equations (52) to (54) and (62) we obtain an expression which characterizes the root  of the

system as


2

¡
 + 

¢
Ω = () (63)

where we define () = [(− + ) −]
¡
 − 

¢
 The function () represents a convex parabola and has two

intersects with the x-axes at 1 = − +  ≤ 0 and 2 =  ≥ 0 Since 
2

¡
 + 

¢
Ω is upward sloping,

and positive for  = 0 it intersects the parabola twice. The first intersection  is negative and the second one it is

positive. We discard the positive root because it is unstable.

Assume the forex supply is sufficiently price inelastic with    = ( −  ) = (−0) Then

2

¡
 + 

¢
Ω() intersects the x-axis to the right of 1 = − +  and the root  is confined to the interval

 ∈ [− +−]. This implies (−+) −  0Moreover, we require that the mean reversion parameter

 of the dividend process is sufficiently large so that −  −+ or (+)−  0 The latter condition
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can be rewritten as   −0 where 0  0 represents the risk discount on the asset price. We can make 0

sufficiently small by setting a low upper threshold value for the investor risk aversion, hence require   

With these two conditions on  and  we can now sign the parameters. To simplify notation we define

1 =
( − )

( +  )
 2 =

( + )

( −  )
=  (64)

We can then rewrite the price coefficients as

∆ =
¡

 − 
¢µ
1− 2[( + ) −]

1[(−2 + ) −]

¶  0 (65)

∆ = −∆ [( + ) −](Ω21 +Ω11)

( + )Ω
 0 (66)

because ( + ) −  0 (− + ) −  0  −    +   0 1  0 and 2  0
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A.4. Uniqueness of the Stable Equilibrium

We first note that there is a unique stable negative root   0 Moreover, equation (63) can be rewritten as

2 ()
2
+ 2[ (∆ + Λ)]

2 =
[(− + ) −]

¡
 − 

¢

2

¡
 + 

¢  0 (67)

A necessary condition for the existance of a real solution for  = ∆ + Λ is

 ( ) =
[(− + ) −]

¡
 − 

¢

¡
 + 

¢ − ()2 ≥ 0 (68)

This condition is satisfied only if  ()
2
is sufficiently small or risk aversion is below as certain threshold   

Given  ≡ ∆ + Λ  0 (shown in corollary 2) we can then rewrite equation (63) in linear form as

∆ + Λ = − 1


p
 ( ) (69)

We define a vector e = (∆ Λ∆Λ) and matrices

A =

⎛⎜⎜⎜⎜⎜⎜⎝
 1 0 0¡

 − 
¢

0 1


¡
 + 

¢
0

0
¡
 + 

¢
0 1



¡
 − 

¢
∆  − 1


∆ − 1




⎞⎟⎟⎟⎟⎟⎟⎠ b =

⎛⎜⎜⎜⎜⎜⎜⎝
− 1



p
 ( )

− ( )
0

0

⎞⎟⎟⎟⎟⎟⎟⎠ (70)

so that the linear system Ae = b summarizes the 4 equations (52), (53), (54) and (69). For det(A) 6= 0 there

exists a unique solution for e

det(A) = 

¯̄̄̄
¯̄̄̄
¯

0 1


¡
 + 

¢
0¡

 + 
¢

0 1


¡
 − 

¢
 − 1


∆ − 1




¯̄̄̄
¯̄̄̄
¯−

¯̄̄̄
¯̄̄̄
¯
¡
 − 

¢
1


¡
 + 

¢
0

0 0 1


¡
 − 

¢
∆ − 1


∆ − 1




¯̄̄̄
¯̄̄̄
¯

= 

∙
1



¡
 + 

¢ 1


¡
 − 

¢
+

1



¡
 + 

¢ 1


¡
 + 

¢¸
−∆

∙
1



¡
 + 

¢ 1


¡
 − 

¢
+

1



¡
 − 

¢ 1


¡
 − 

¢¸
=



2

£¡
 + 

¢ ¡
 + 

¢− ¡ − 
¢ ¡
 − 

¢¤
=



2

£
 + +  +  − + +  − 

¤
=



2
( + )( + )  0 . (71)

Next we show that this implies also a unique solution for the price coefficients p = (∆ Λ) Note that

(Ω11 +Ω12) = ()
2 − [2(∆∆ + ΛΛ) + ] (∆ + Λ) (72)

is linear in p for a fixed vector e The equations (50) and (50) are therefore of the form Cp = d where we define

C =

⎛⎝ 2∆∆ − 1 2∆

2Λ∆ 2Λ− 1

⎞⎠  d =

⎛⎝ ∆

h
()

2 − 
i

Λ

h
()

2 − 
i
⎞⎠
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with  ≡ ∆ + Λ Ω = Ω11 + 2Ω21 +Ω22 and additional constants

∆ =
∆[( + ) −]

( + )Ω
 Λ =

Λ[(− + ) −]

(− + )Ω


For det(C) 6= 0 we can invertC and obtain a unique solution for p. Finally, the coefficient 0 is uniquely determined
by equation (48).

A.4. Additional Propositions

Corollary 1 (Rebalancing and Equity Return Differences):

The domestic investor rebalances her foreign investment portfolio toward home country equity if the

return on her foreign equity holdings exceeds the return on her home equity investments. Formally,

the foreign equity holding change 

 and the excess return of the foreign equity over home equity



 −  = (


 − 

 ) expressed in domestic currency feature a negative covariance given by

(

 , 


 −  ) = 

1



∙
1


 + 2∆ + 2Λ + ∆ + Λ

¸
(∆ + Λ)   0 (73)

and for the home equity investment of the foreign investor we have ∗
 = −

 .

Proof of Corollary 1: Based on the price functions Eqs. (44)-(45) and the exchange rate return

 = ∆∆ + ΛΛ =

= −∆∆+ Λ

∙
1

Λ
( − 1)− ∆

Λ
∆

¸
+ (∆ + Λ)

= ( − 1)− ∆ [ + ]∆+ (∆ + Λ) (74)

we obtain for the excess returns


 = 

 − 
 +

 

= 
 + (ignoring  terms)

= 

 + ∆∆ + ΛΛ (75)



 ≈ − + 

∗
 − 

∗
 − 

h

∗
 −  ( − 1)

i
+

h

∗
 −( − 1)

i


= − + 
∗
 + (ignoring  terms)

= − (∆ + Λ) + 
∗
 − ∆∆ − ΛΛ + (ignoring  terms) (76)



 − 

 = − (∆ + Λ) + 

h


∗
 − 



i
− 2∆∆ − 2ΛΛ + 

= − (∆ + Λ) − ∆ − 2∆∆ − 2ΛΛ + 

= − (∆ + Λ) − [ + 2∆] − 2Λ + 

= − £ (∆ + Λ) +  + 2∆ + 2Λ
¤
 + (ignoring  terms) (77)


∗
 − 

 = 2∆( + )∆+ 2Λ(− + )Λ− [ + 2∆ + 2Λ]  . (78)
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The instantaneous volatility of the excess return follows as

E
³



 − 

´³



 − 

´
=

1


2
E
³



 − 



´³



 − 



´
=

=
1


2

£
 (∆ + Λ) +  + 2∆ + 2Λ

¤2 E ()

=
2


2

£
 (∆ + Λ) +  + 2∆ + 2Λ

¤2
 (79)

For holding changes we find



 =

1

2
(∆∆ +ΛΛ) =

1

2
(∆ +Λ)  +  (80)

which implies


³



  


 − 

´
=

1

2
(∆ +Λ)

2



£
 (∆ + Λ) +  + 2∆ + 2Λ

¤


= (∆ + Λ)



2

£
 (∆ + Λ) +  + 2∆ + 2Λ

¤


=



2

£
 (∆ + Λ)

2 + (∆ + Λ) ( + 2∆ + 2Λ)
¤
 (81)

and also

 =


³



  


 − 

´
 

³



 − 

´ =
(∆ +Λ)

2
£
 (∆ + Λ) +  + 2∆ + 2Λ

¤
=

 (∆ + Λ)

2
£
 (∆ + Λ) +  + 2∆ + 2Λ

¤  0 (82)

because (∆ + Λ)



= ∆∆ + Λ  0 Symmetry of the model implies E(


 ) = −E(

∗
 )

Furthermore,

E(

 ) = (∆ + Λ) [ + 2 (∆ + Λ)]  0

amounts to showing that  ≡ ∆+ Λ  0 as long as +2 (∆ + Λ)  0 To simplify notation we define

1 =
( − )

( +  )
 2 =

( + )

( −  )


Clearly, 1  0 and 2  0 under the parameter constraints of proposition 5 Moreover, 1 − 2  0 because (for

  −) we find

( −  )( − )− ( +  )( + ) = −( + )
£
+ 

¤
 0

Substituting equations (52) and (53) into (54) implies

∆∆ [+ 1] + Λ [+ 2] =
−∆

( +  )
 0

Subtracting the term ∆∆(1 − 2)  0 (because ∆  0) from the left hand side implies ∆∆ [+ 2] +

Λ [+ 2]  0 and also ∆∆ + Λ  0 since + 2  0 is trivially fulfilled (for   0  0  0   0).
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Table A1: Equity Fund Rebalancing for Non-Dividend Adjusted Returns

Fund rebalancing of the foreign investment share ∆

 of fund  in quarter  (measured in percentages) is regressed on non-dividend

adjusted excess returns of the foreign over the domestic investment share, 

 −  and its lagged values 


− − − for lags

 = 1 2 In Column (1) we report OLS regression results without fixed effects, Columns (2)—(7) add interacted time and fund domicile

fixed effects, and Columns (3)-(7) add additional fund fixed effects. Column (5) splits the excess return on the foreign portfolio share

into positive and negative realizations to test for symmetry of the rebalancing behavior. In Columns (6)—(7) we report the baseline

regression of Column (3) for the subsample until June 2008 (Period I) and thereafter (Period II). We report robust standard errors

clustered at the fund level for specification (1) and use ***, **, and * to denote statistical significance at the 1%, 5%, and 10% level

respectively.

Dependent variable: Fund Level Rebalancing ∆



(1) (2) (3) (4) (5) (6) (7)



 −  −1781∗∗∗ −2469∗∗∗ −2397∗∗∗ −2455∗∗∗ −1952∗∗∗ −2435∗∗∗

(0240) (0249) (0263) (0278) (0555) (0305)



−1 − −1 −1682∗∗∗ −1503∗∗∗ −1703∗∗∗ −1717∗∗∗ −1420∗∗∗

(0249) (0262) (0276) (0579) (0301)



−2 − −2 −0996∗∗∗

(0274)

(

 − )× 1≥ 0 −3400∗∗∗

(0453)

(

 − )× 10 −1359∗∗∗

(0466)

(

−1 − −1)× 1≥ 0 −0557

(0447)

(

−1 − −1)× 10 −2543∗∗∗

(0470)

Time×Fund Domicile FEs No Yes Yes Yes Yes Yes Yes

Fund FEs No No Yes Yes Yes Yes Yes

 -statistic 55045 10690 10115 10157 10107 4073 12717

Observations 101 234 89 170 89 170 79 426 89 170 15 981 73 189

Adjusted 2 0001 0065 0133 0142 0134 0168 0141

Sample Full Full Full Full Full Until June 2008 After June 2008

1



Table A2: Fund Rebalancing Trimming Robustness

Regressions results in Tables 4 and 5 are shown for different levels of trimming of data outliers for the fund rebalancing variables

∆

 or ∆

∗
. We use ***, **, and * to denote statistical significance at the 1%, 5%, and 10% level, respectively.

OLS Results (Table 4) 2SLS Results (Table 5)

Trimming Coefficient 2 GIV2

at First-Stage Second-Stage Elasticity

0% 0739∗∗ 41% 1222∗∗∗ 0437 229

1% 0896∗∗ 45% 1298∗∗∗ 0524 191

2% 1003∗∗∗ 55% 1390∗∗∗ 0800∗ 125

25% 1046∗∗∗ 57% 1429∗∗∗ 0926∗∗ 108

3% 1060∗∗∗ 57% 1439∗∗∗ 1037∗∗ 096

4% 1144∗∗∗ 54% 1403∗∗∗ 1156∗∗ 087

5% 1229∗∗∗ 59% 1421∗∗∗ 1207∗∗ 083
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Table A3: Filtering Fund Rebalancing

Fund rebalancing terms ∆

 and ∆

∗
 of fund  in quarter  (measured as percentage) are regressed on fund size [()−1],

the Herfindahl—Hirschman Index of fund concentration (−1), and their interaction with a fund’s foreign excess return 

−

and ∗−∗ , respectively. In specification (1), we use as dependent variable∆ the fund-level rebalancing of home funds (domiciled
in currency area ) toward foreign equity (i.e., portfolio outflows from currency area ). In specification (2), we use as dependent

variable ∆∗, the rebalancing of foreign domiciled funds from foreign equity positions into equity in currency area  (i.e., portfolio

inflows into currency area ). Specifications (1) and (2) filter fund heterogeneity in rebalancing for GIV2. The respective regression

residuals are then used for the construction of the granular instrumental variables. We report robust standard errors clustered at the

fund level for all specifications and use ***, **, and * to denote statistical significance at the 1%, 5%, and 10% level, respectively.

Dependent variable: Fund Level Rebalancing ∆

 Fund Level Rebalancing ∆∗

GIV2 GIV2

(1) (2)

()−1 0006 0029∗∗∗

(0017) (0007)

−1 4627∗∗∗ 1330∗

(1492) (0740)

(

 − )× ()−1 −0061∗∗∗

(0010)

(∗ − 
∗
)× ()−1 −0026∗∗∗

(0003)

(

 − )×−1 −19805∗∗∗

(5833)

(∗ − 
∗
)×−1 −3129∗

(1711)

Time FEs No No

Fund FEs Yes Yes

 -statistic 43800 83653

Observations 104 012 236 697

Adjusted 2 0088 0042
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Table A4: Aggregate Equity Rebalancing and the Exchange Rate - Country Group Analysis

The effective (log) foreign currency appreciation −∆ in quarter  (scaled by a factor of 100) for the four currency areas  (i.e.,

U.S., U.K., Eurozone, Canada) is regressed on the net equity rebalancing flows (expressed in percentages of the average foreign

equity positions). We pool data for the U.S. and U.K. currency in odd columns characterized by higher reporting completeness

and alternatively for the Eurozone (EZ) and Canada (CA) currency in even columns characterized by lower reporting quality. In

Columns (1)-(2) we use the full period sample and in Columns (3)-(6) we present subsample results. In Column (1), we report OLS

regression coefficients for the aggregate rebalancing ∆

 of the foreign portfolio share of all funds domiciled in  and the aggregate

rebalancing ∆∗
 of the portfolio share invested in  by equity funds domiciled outside  Column (2) combines both terms to the

net aggregate equity outflow ∆
 = 2−1∆


 − 2(1 − −1)∆∗

 from currency area  where −1 denotes the ratio of

aggregate outbound to the sum of aggregate outbond and inbound equity investments. Columns (3)-(6) repeat the regressions in

Columns (1)-(2) for a pre-crisis 1999-2007 subsample amd a crisis/post-crisis 2008-2015 subsample. We use ***, **, and * to denote

statistical significance at the 1%, 5%, and 10% level, respectively.

Dependent var.: Effective Quarterly Foreign Currency Appreciation, −∆

Full Sample Period 1999-2007 Period 2008-2015

U.S. and U.K. EZ and CA U.S. and U.K. EZ and CA U.S. and U.K. EZ and CA

OLS OLS OLS OLS OLS OLS

(1) (2) (3) (4) (5) (6)

∆
 0982∗∗ 1273∗ 0350 0202 1899∗∗∗ 1305

(0397) (0711) (0511) (1138) (0664) (0897)

 -statistic 6111 3209 0468 0032 8180 2119

Observations 72 71 17 19 55 52

Adjusted 2 0080 0044 0030 0002 0134 0041
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Table A5: Narrative Approach to Large Fund Shocks

We follow the narrative approach proposed by Gabaix and Koijen (July 2021, page 15) and look for the narratives behind the

largest fund-level shocks to equity inflows and outflows for the U.S. and the Eurozone. More specifically, we regress the (percentage)

fund rebalancing terms ∆

 and ∆

∗
 on a single constant (separately for each currency) and collect the residuals ̆ of the

eight respective panels. The residuals are re-scaled by a factor corresponding to the relative fund size to obtain an absolute flow

measure. For outflows, we re-scale the residuals by 

 = 



P

(

), i.e. the dollar value invested in non-domestic assets by

fund  divided by the total dollar invested by all funds in the panel in non-domestic assets; for inflows, we re-scale the residual by

∗ = ∗
 

P
(

∗
 ), i.e. the dollar value invested in domestic assets by foreign fund  divided by the total dollar value invested

by all foreign funds in domestic assets. The ten largest fund shocks for each currency are then selected by ranking (absolute) fund

outflows 

 × |̆| and (absolute) fund inflows ∗ × |̆|. We search the Factiva data set for news events that can explain these

large shocks and report the quarter in Column (1), the size of the corresponding GIV shock in Column (2), the fund name in Column

(3), the fund residence in Column (4), the relevant article link in Column (5), the article date in Colmun (6), and article source

in Column (7), the rebalancing reason and explanation in Columns (8) and (9), respectively. Panels A and B concern outflow and

inflow shocks for the U.S., respectively; Panels C and D the outflow and inflow shocks for the Eurozone, respectively. Appendix

Figures 1 and 2 link these largest idosyncratic fund shock to the Granular Instrumental Variable (GIV1) series for the U.S. and the

Eurozone, respectively.

Panel A: Largest Fund Shocks and U.S. Outflows
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Panel B: Largest Fund Shocks and U.S. Inflows
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Panel C: Largest Fund Shocks and Eurozone Outflows
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Panel D: Largest Fund Shocks and Eurozone Inflows
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Appendix Figure 1:

GIV Time Series for U.S. Net Outflows and Largest Fund Flow Events
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Appendix Figure 2

GIV Time Series for the Eurozone Net Outflows and Largest Fund Events
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