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ABSTRACT

I develop a heterogeneous-country model of the world economy to study the distributional
impact of aggregate capital flight episodes. A global intermediary borrows from all countries
and invests in their risky assets. Wealth heterogeneity between countries arises endogenously
due to idiosyncratic shocks. A single global factor that combines the intermediary’s wealth
and risk-taking capacity determines capital inflows and risk premia in every country. A shock
to the intermediary’s risk-taking capacity generates global capital flight. Investors from rich
countries use their external savings to replace foreign demand for domestic assets. These
countries experience a ‘retrenchment” event: a sizable fall in outward flows. Their risky
assets appreciate on impact. In poor countries, investors cannot replace foreign demand
without a sharp rise in risk premia. Their asset markets adjust through prices rather than
quantities, and prices fall. Estimating the model, I find that global financial shocks explain
a quarter of the time-series variation in aggregate capital flows and a third of the variation

in the relative performance of assets in advanced economies compared to emerging markets.
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CHAPTER 1
HETEROGENEOUS IMPACT OF THE GLOBAL FINANCIAL
CYCLE

1.1 Introduction

There is an aggregate cycle in international capital flows and asset prices. One factor explains
20% of the variation in gross capital flows across the world. This factor is strongly correlated
with an equally powerful dominant factor in asset prices and various measures of global risk-
taking capacity. In booms, when asset prices are high, investors tend to accumulate foreign
holdings. In global downturns, they sell foreign assets and shift their portfolios toward
domestic markets, which is what the literature calls “retrenchment”.

Countries are not equally exposed to the global cycle. Emerging markets and developing
economies are especially strongly affected by changes in the risk appetite of foreign investors.
Asset prices are generally more volatile in these countries. At the same time, gross capital
flows tend to be more strongly correlated with global aggregates in advanced economies. In
downturns, investors from advanced economies sell more of their foreign assets than those
from emerging markets, responding to negative shocks with more active retrenchment.

I construct a dynamic multiple-country model with a global financial cycle to interpret
these patterns. The model jointly determines asset prices and gross capital flows in global
equilibrium, generating international wealth distribution and a cross-section of country-
specific risk premia. Motivated by a strong correlation between aggregate capital flows
and measures of global risk appetite, I center the model around a global intermediary that
trades assets in all countries. My main experiment focuses on capital flight episodes triggered
by shocks to its risk-taking capacity. The objective of the model is to explain cross-country
heterogeneity in the impact of these episodes. To this end, I propose a new mechanism that

creates this heterogeneity endogenously through the behavior of local investors who interact
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with the intermediary.

This mechanism relies on tracking gross flows during capital flight events. The response
of asset prices in these events depends on the wealth of local investors. In rich countries,
they readily buy domestic assets using their large external holdings. This keeps local risk
premia from rising, while the country’s external assets and liabilities fall at the same time.
In poor countries, local investors cannot absorb domestic assets as much, so risk premia rise
to keep foreign investors from selling. Their asset markets adjust through prices rather than
quantities. As a result, shocks to the risk-taking capacity of global intermediaries generate
a rise in risk premia that is concentrated in poor countries, while retrenchment happens in
rich ones. Capital flight events end up being driven by agents in rich countries selling their
foreign assets to buy domestic ones.

The main equilibrium outcome is that risky assets in rich countries appreciate in these
downturns, effectively acting as safe assets. The reason is that negative shocks to the risk-
taking capacity of intermediaries lead to a fall in the global interest rate. Risk premia on
assets in rich countries stay low due to retrenchment by local investors, so the fall in the
interest rate raises their prices. In poor countries, the rise in risk premia dominates, and
prices fall. This way, accounting for gross capital flows and the dynamics of short-term rates
in the model leads to different signs of exposure to global shocks in fundamentally symmetric
countries.

I use the following ingredients to illustrate this mechanism. There is a continuum of
countries. In each one, there is an asset with idiosyncratic shocks to payoffs and a local
agent who holds this asset and saves abroad, buying bonds issued by a global intermediary.
The intermediary is based in a special country, interpreted as the US. It borrows from local
agents and holds risky assets in all countries. Markets for risky assets are segmented: local
agents can only invest in other countries through the intermediary. They clear country by

country. The other two markets, for intermediary’s bonds and for the single consumption



good, clear globally.

The intermediary’s risk-taking capacity is limited. Even though it has access to a con-
tinuum of assets with uncorrelated payoffs, it cannot take advantage of full diversification.
The reason is that it is unsure about the right model for country-specific shocks and takes a
cautious approach to investing, considering worst-case scenarios. This behavior reduces to
a simple value-at-risk constraint, making the intermediary treat idiosyncratic risk as a real
concern and giving it a separate risk-return trade-off for every country in its portfolio. As a
result, its risk-taking capacity can be summarized by one preference parameter that varies
over time, driving global dynamics.

Since the intermediary cannot fully absorb country-specific shocks, risk-sharing between
countries is incomplete. This has two main implications. First, assets offer positive risk
premia, and the intermediary makes profits. This affords the special country, where it is
based, an “exorbitant privilege”, allowing it to finance perpetual trade deficits even if it is
in debt. Second, exposure to domestic idiosyncratic shocks creates a wealth distribution
between countries. There is a cross-section of excess returns at any point in time, and
countries continually move around the distribution due to good or bad output spells.

Due to market segmentation, asset prices in all countries depend on wealth accumulated
by local agents. In rich countries, risk premia are low. They converge to zero in the limit of
infinite wealth since any positive excess returns would create infinite demand from extremely
rich domestic investors. Agents in these countries allocate a low share of their wealth to
domestic risk, relying on safe external holdings. Despite that, they take over the home
country’s market due to their size. Foreign investors are not very important. In contrast,
in poor countries, assets pay high risk premia, and local investors hold a small fraction of
the market. These countries are more exposed to the intermediary’s net worth and risk
appetites.

When a negative shock hits the intermediary’s risk-taking capacity, it seeks to sell risky



assets in all countries simultaneously. In rich countries, local investors buy sizeable quan-
tities without a large increase in excess returns. There are trades, with gross inflows and
outflows offsetting each other. In poor countries, there is not enough wealth to do this, and
excess returns have to rise to convince the intermediary to sell less. Prices adjust instead of
quantities.

Despite a global increase in risk premia, the levels of asset prices in rich and poor countries
move in opposite directions. The reason is that they also depend on the global interest
rate in general equilibrium. The interest rate falls after the shock to clear the market for
consumption goods: agents feel poorer due to portfolio losses and want to consume less, but
aggregate output is fixed. In poor countries, the rise in risk premia outweighs the effect of
the interest rate, and asset prices fall. In rich countries, risk premia do not increase so much,
and prices go up. These responses have different signs even though fundamental dividend
risk is the same everywhere. Retrenchment flows alone generate a full spectrum of exposure
to aggregate shocks.

This result has a set of implications for international risk-sharing. First, the negative
loadings of local returns on global shocks make rich countries richer in downturns. Second,
other countries benefit from these negative loadings as well. This is because the intermediary
makes capital gains on rich countries in bad times, which limits the fall in its net worth
coming from losses it takes in poor ones. This, in turn, limits the contraction in foreign
demand faced by everyone. Similar risk-sharing patterns were documented by Gourinchas
and Rey [2022] and Dahlquist et al. [2022] for the US and the rest of the world: while the
US provides insurance to other countries, its wealth share still increases in downturns. With
my mechanism, a similar relationship emerges endogenously between rich and poor countries
with symmetric fundamentals.

After showing the main mechanism, I take the model to data. The quantitative version

has two additional features. First, local agents face a portfolio constraint. The risky share of



their portfolios is bounded from above, which, in particular, prevents them from borrowing
large amounts to increase leverage in downturns. Agents in poor countries now have even less
capacity to buy assets from the intermediary in a capital flight episode, and their exposure
to rick-off shocks rises.

Second, I introduce dividend shocks to the model. These shocks change aggregate output
and can be called “real” as opposed to “financial” shocks to the intermediary’s risk-taking
capacity. In this more complete environment, I quantify the importance of these two types
of shocks for the dynamics of financial flows, asset prices, and their heterogeneity across
countries.

I estimate the model on aggregate capital flow and asset returns data. Estimation uses
global averages of flows and prices, but the model successfully reproduces the differences
between advanced economies and emerging markets, which correspond to rich and poor
countries. It generates a larger volatility of outward flows from advanced economies, where
outward flows are measured as a share of external assets, and a larger volatility of asset
returns in emerging markets.

Another set of important patterns are correlations of outward flows and asset returns
with global aggregates. Both in the model and in the data, outward flows in advanced
economies fall by more when aggregate capital flows recede, indicating more active retrench-
ment. Conforming with the key mechanism, assets in advanced economies outperform those
in emerging markets exactly in these times. Retrenchment insulates domestic asset prices
from global shocks.

The model ascribes more than half of the variation in aggregate capital flows to real
shocks. Financial shocks explain only about a quarter of it. Almost all variation in aggregate
returns on risky assets is due to real shocks as well. At the same time, financial shocks are
more important for the relative performance of assets in rich compared to poor countries.

Real shocks move all asset prices in the same direction, while the loadings on financial shocks



in rich and poor countries have opposite signs. Rich countries outperform poor ones in times
of low risk-taking capacity. The model can explain half of the time-series variation in the
relative performance of risky assets in advanced economies compared to emerging markets.
Financial shocks alone can explain a third.

Finally, the fact that prices of risky assets in advanced economies rise in response to

negative financial shocks decreases their cyclicality compared to emerging markets. Overall,
asset prices are positively correlated with capital flows. In poor countries, the model delivers
a correlation close to one: both real and financial shocks raise prices in times of high outward
flows. In rich countries, the model-implied correlation is three times lower, since prices
respond positively to output booms and negatively to booms in the intermediary’s risk-
taking capacity.
Related literature. A large literature explores global drivers of international capital flows
and asset prices. Miranda-Agrippino and Rey [2022]| provide a comprehensive review. The
dominant global factor in a large panel of risky asset prices has been extracted by Miranda-
Agrippino et al. [2020] and more recently updated by Miranda-Agrippino and Rey [2020].
Habib and Venditti [2019] find a similar global component driving stock prices around the
world. Jorda et al. [2017] document co-movement between risk-premia across the world.

Similarly strong co-movement has been recently documented for capital lows. Forbes and
Warnock [2012a] and Forbes and Warnock [2021] show co-movement between gross flows.
Barrot and Serven [2018] identify common components in gross flows and show that these
common components are strongly related to aggregate variables such as VIX, US dollar
exchange rate, and interest rates. The main one is strongly correlated with the dominant
factor in risky asset prices.

Part of this literature deals with heterogeneity between advanced economies and emerging
markets. Avdjiev et al. [2022| show that synchronization between inflows and outflows is

driven by banks, who are responsible for a larger share of flows in advanced economies as



opposed to emerging markets. Barrot and Serven [2018] and Cerutti et al. [2019] show that
flows in advanced economies are more responsive to common factors. I perform a simplified
version of their factor extraction exercise to illustrate the differences in synchronization. I
show that the dominant factor explains a larger share of variation in advanced economies
and find that the cyclical component of flows, properly adjusted for size, in this group has
a larger magnitude. This fact is at the heart of the model, which is built to generate more
elastic asset markets in rich countries.

The literature studying distributions of returns and flows includes Chari et al. [2020],
Gelos et al. [2022], and Eguren Martin et al. [2021]. Kalemli-Ozcan [2019] and Brauning
and Ivashina [2020a| show that US monetary policy spillovers have a more pronounced effect
on emerging markets. Chari et al. [2020] show the outsized effect of risk-off episodes on the
worst realizations, the left tail. This is the response to a shock to risk-taking capacity in my
model: the left tail of returns shifts significantly further, while the average stays very close
to normal times.

Another strand of literature documents the special position of the US in the global finan-
cial system. Gourinchas et al. [2019] review evidence on various dimensions of its dominance.
Gourinchas and Rey [2022] find that the US earns significant net returns on its net foreign
asset position. Similarly to this gap between the US and the rest of the world, there is
heterogeneity within the latter. Adler and Garcia-Macia [2018] show substantial differentials
in returns on net foreign asset positions between advanced economies and emerging markets.
My model assumes a special position of the US but generates the differences between other
economies endogenously.

I contribute to the theoretical literature on the global financial cycle. The most closely
related papers are Caballero and Simsek [2020a], Morelli et al. [2022], Bai et al. [2019], Davis
and Van Wincoop [2022], Davis and Van Wincoop [2023|, and Dahlquist et al. [2022].

Caballero and Simsek [2020a] show how retrenchment stabilizes domestic asset markets



in a model where countries invest in each other’s risky assets. Liquidity shocks trigger fire
sales by foreign investors. Local investors then use their foreign holdings to pick up the
unwanted asset and support its price. This mechanism is also present in Jeanne and Sandri
[2023]. I build a dynamic version of this model in the style of Brunnermeier and Sannikov
[2014]| with global intermediaries and endogenously arising differences in wealth, with the
main focus on the distributional consequences of aggregate capital flight.

Morelli et al. [2022] model an economy built around a global intermediary that invests
in many emerging markets. They find that shocks to the intermediary’s net worth are an
important determinant of borrowing costs around the world. Bai et al. [2019] use a similar
model to measure the relative importance of global and local shocks in explaining the cross-
section of sovereign spreads. I also study risk-off episodes driven by global intermediaries
but focus on capital flows by local investors and their equilibrium implications.

Davis and Van Wincoop [2022] construct a multicountry model to generate gross flows
after a shock to global risk aversion and show the importance of within-country heterogeneity.
Davis and Van Wincoop [2023] additionally show that symmetric shocks to identical countries
can generate positive co-movement between gross flows in and out as long as more risk-
tolerant investors invest more abroad. I focus instead on the distributional consequences
of global shocks in intermediated markets with endogenous heterogeneity between ex-ante
identical countries.

Dahlquist et al. [2022] build a multicountry model with home-biased consumption and
time-varying appetites for risk coming from deep habits. They show how an adverse output
shock in a large country leads to an appreciation of its currency and, consequently, an increase
in its wealth share, as its stock prices fall by less than foreign ones when adjusted for the
exchange rate. I arrive at regressive redistribution in downturns through capital flows. In
relative terms, rich countries become richer because they compensate for the falling demand

from abroad. In absolute terms, they become richer because the shock to risk-taking capacity



decreases the interest rate, while risk premia are held down by retrenchment, and asset prices
rise.

Farboodi and Kondor [2022] study heterogeneous boom-buts dynamics with imperfect in-
formation about asset quality. In their model, shocks determine what investors learn about
firms. In bad times, they flee from emerging markets to advanced economies, inducing a
recession in the former and stabilizing output in the latter. Fu [2023] models joint deter-
mination of capital flows and exchange rates. He shows that currency betas are lower in
countries where domestic investors have a higher propensity to retrench than foreign ones.
The resulting link between retrenchment and cyclicality of returns is similar to that in my
model. Zhou [2023| shows how exposure of assets to investor-specific shocks depends on the
willingness of other market participants to absorb additional supply, focusing on the com-
position of the foreign investor base. A similar mechanism involving domestic investors is at
the heart of my model.

The fact that country-specific returns in my model load on one global and one local factor
is consistent with findings of Amiti et al. [2019], who find that local shocks are especially
important for bank flows in crises. Aguiar and Gopinath [2007] argue that emerging markets
exhibit frequent shocks to trend growth. Hassan et al. [2021] identify spikes in perceived
country-specific riskiness and show that they are associated with falling asset prices and
capital flight.

The role of intermediaries in the model is similar to that in Gourinchas et al. [2022], where
they perform international arbitrage across otherwise disjoint markets. Other models with
traders intermediating international asset markets include Jeanne and Rose [2002]|, Gabaix
and Maggiori [2015], Greenwood et al. [2020], Fanelli and Straub [2021], and Itskhoki and
Mukhin [2021].

Models with the US as a special country include, among others, Bruno and Shin [2015b],
Maggiori [2017], Farhi and Maggiori [2018], Jiang et al. [2020], Kekre and Lenel [2021],



Sauzet [2023], and Devereux et al. [2023]. In Jiang et al. [2020] and Kekre and Lenel [2021],
the dollar carries a convenience yield. Kekre and Lenel [2021] study flight to safety caused
by a shock to this convenience yield in a model with nominal frictions and investment.

Aversion to ambiguity in my model is built on the large theoretical literature dating back
to Anderson et al. [2000], Hansen and Sargent [2001|, and Chen and Epstein [2002]. More
recently, Tlut and Saijo [2021] use a similar specification in a model with a continuum of
firms to generate empirically relevant co-movements and cyclical patterns in a business cycle
model.

On the technical side, I use heterogeneous-agent tools that have mostly been used to
model separate countries. I employ methods from Kaplan et al. [2018] to analyze non-linear
solutions for aggregate one-time unanticipated shocks. Sequence-space methods of Auclert
et al. [2021] and Auclert et al. [2020] and insights from Bhandari et al. [2023] adapted to
continuous time allow me to speed up computations and linearize the model for estimation.
Layout. Section 1.2 shows a version of the model with the main mechanism. Section 1.3
presents the full model, Section 1.4 describes equilibrium, and Section 1.5 treats the shocks
in detail. Section 1.6 explains estimation and results. Section 1.7 performs quantitative

analysis with counterfactuals.

1.2 Simple Model

This section presents a simple model that delivers key insights with the necessary ingredients
only. I set up an economy with heterogeneous countries and study an aggregate capital flight
episode. Section 1.3 then adds other elements of the full model.

Time is continuous and runs forever. There is no aggregate uncertainty. The world is
a unit measure of countries indexed by i € [0,1] and a large special country populated by
intermediaries. Each country has a Lucas tree in fixed unit supply. Output is homogeneous

across countries and stochastic. Cumulative output of ¢’s tree up to time ¢ is denoted by y;;,
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and flow output is dy;; = vdt+ odZ;;. Expected output v and volatility o are constant. The

random increments dZ;; are standard Brownian. They are independent across countries.
Agents from these countries only invest in their domestic trees and bonds issued by global

intermediaries. Bonds are riskless and short-term, paying interest r¢dt. The share price of

1’s tree is an endogenous stochastic process p;+. The instantaneous excess return on trees is
dR;y = (dyit + dp;t) /pit — redt

It includes dividends and capital gains. The wealth w;; of a representative agent from country
7 is her holdings of the tree and intermediary’s bonds. The aggregate wealth of country 7 is
w;;, which equals wj; in equilibrium. The evolution of w;; is

Wit

dwip = (rewiy — cip)dt + Gjwigd Ry — —= - Awgpdt + % - Myt (1.1)

Lt Lat

Here c¢;+ is consumption. The second term represents returns on the tree, where 6;; is its
portfolio share. The third and fourth terms reflect exogenous migration out of and into
the country. They do not affect consumption and portfolio choice, and their only role is to
induce stationarity. Appendix A.5 shows another way to achieve that, using discount rates
that depend on wealth.

The third term represents wealth emigration from country i to the special country. Agents
in all regular countries die with intensity A, and their wealth moves to intermediaries. The
total outflow of wealth from ¢ is Aw,;;dt. New agents are born instead. They start with zero
wealth and instantly get transferred a portion of everyone’s savings so that everyone in the
country has the same net worth. This redistribution from continuing agents is in proportion
to their w;;. Hence, survivors always make flow payments w;;/w;; - Aw;pdt = Aw;rdt to the
newborns.

The last term represents the opposite process, immigration. Intermediaries die with
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intensity 5\, and their wealth is sent to one of the countries, where it is shared between
local agents. The destination country is chosen uniformly, so each country ¢ has an influx
of wealth S\Qtdt, where w0, is the total wealth of intermediaries. Within 7, each agent gets a
share w;; /w;; of this transfer.

The sequence problem of the agent in the country 7 is

o0
max  [Ey [,0/ eP(t=5) log(cis)ds
t

{Cis a9i8 }szt

subject to equation (1.1). Since everyone has the same wj, in equilibrium w;; = w;;, and
dw;y = (rewig — cig)dt + Ojpwigd Ry + (Ady — Awgy)dt

Intermediaries and the special country. The special country is special for two reasons.
First, its asset supply is different. Second, its local agents are global intermediaries. I explain
these two properties below, using notation with hats to separate this country from regular
ones.

In contrast to regular countries, the special country is large, with a finite measure ¢ of
trees that are pooled together in a fund. The random components of their yields wash out,
so the total output over dt in the special country is qudt. These trees can only be traded as
one, in a bundle with equal weights. I will refer to this fund as the special country’s tree for
convenience. Its price is p¢, and the excess return is d[fit = (vdt+dpy)/pt —rdt, idiosyncratic
shocks washing out.

The wealth wy of the local representative agent, who is also the global intermediary, is

its holdings of trees less bonds outstanding. It evolves as

diby = (ryy — é)dt + / (0;40rd Ryg) di + Opiopd Ry + —L - Awgdt — —L - Niydt (1.2)
Wy Wy
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Here ¢; is consumption. The second term is excess returns on trees in all countries with
portfolio weights {ézt} The third term is excess returns on the special country’s tree,
where 6 is the associated portfolio weight. The last two terms mirror migration terms in
equation (1.1): there is an inflow Awidt, where wy = [w;di is the aggregate wealth of all
countries, and an outflow X@tdt. The aggregate wealth of intermediaries is w;. Again, as
in all countries, newborn intermediaries immediately receive transfers from survivors so that
everyone’s wealth is the same.

The intermediary’s risk-taking capacity is limited. It faces a value-at-risk constraint:

/ V[0t dRig)di < / E[0;y¢d Ry di (1.3)

This constraint aggregates idiosyncratic uncertainty over the intermediary’s returns in all
countries and bounds it by a multiple of expected profits on these assets. In Section 1.3, I
derive it from ambiguity aversion and explain why it is reasonable to associate it with value
at risk.

The parameter 7 is key. It determines the intermediary’s ability to hold country-specific
risk. T call it risk-taking capacity. The intermediary could in principle take advantage of
access to a continuum of uncorrelated assets and fully insure other agents, absorbing all
idiosyncratic risk. This case is nested as v = oo. With a finite ¢, I can study non-trivial
portfolios and trigger capital flight episodes by temporarily lowering it. The problem of the

intermediary is

m ~
max [ {ﬁ/ ePls—1) log(¢és)ds
{éSaHS}SZt t

subject to equation (1.2) and equation (1.3). Since wy = w; in equilibrium, wealth evolves
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asS
dwy = (T’tﬁ)t — ét)dt + /[éitwthit]di + étlz}tdét + ()\wt — ;\@t)dt

Market clearing and equilibrium. Denote bond holdings of country ¢ by b;; and their
holdings of domestic trees by h;;. By construction, i’s wealth is w;; = bt + p;+h;t, and the
risky share ;4 determines the split: 0;;w; = pirhir and (1 — 0 )w;p = bjy.

To track the intermediary’s holdings of trees and bond issuance, let l;t be the total bonds
issued, let {}Alzt} be its holdings of trees in regular countries, and let ht be its holdings of
the special country’s tree. By construction, w; = [ pitizitdi + ﬁtﬁt — by. Portfolio weights
{0} satisfy O = pithi for all i, and 6; satisfies fpi; = prhy. Bond issuance is by =

([ Gipdi + Gy — 1)y,

assets liabilities assets liabilities
byt I pithiydi by
7777777777777 Wit B e
pithit ﬁtiLt Wy
agent in country ¢ global intermediary

Figure 1.1: Schematic balance sheets of agents from a country ¢ and the global intermediary.

With all holdings defined, I can define equilibrium.

DEFINITION 1. An equilibrium is a collection of price processes {r¢,{pit}, Pt }t>0, wealth
processes {{wgt}, {w;t }, Wi, Wi br>0, consumption processes {{cit},¢t}i>0, and processes for

asset holdings {{hit}, {hit}, {bit}. bt ;lt}tz() such that all agents optimize and
o aggregate wealth process agrees with indiwidual wealth: w;; = wyy for all v and Wy = Wy,
e markets for reqular country trees clear: hj; + ilz't =1 for alli € [0,1],

o market for the special country tree clears: izt =q,
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e bond market clears: [ bydi = by,
o market for consumption goods clears: [ cjdi + ¢ = (1 + q)v.

Markets for trees clear country by country, and the market for the intermediary’s bonds
clears globally. The market for consumption goods clears automatically as soon as other
markets do.

I now characterize equilibrium. The main object of interest is asset prices p;;. 1 start
with required returns dR;;, using market clearing conditions to characterize them, and then
determine prices from them.

There is only idiosyncratic uncertainty in this economy. Only agents from country ¢ and

the intermediary have access to country ¢’s tree, so excess returns dR;; only load on dZ;;:
R R

Drift and volatility (pg, aﬁ) of excess returns are equilibrium objects: ,ug = (V—HLZ) /Dit — Tt
and O’ﬁ = (0 + O’Z) /it Here (uft,aft) are drift and volatility of asset prices: dp; =
uftdt + O"ZdZit. As usual, volatility has an exogenous and an endogenous component.

The local agent’s problem has a particularly simple solution due to log utility. Agents
always consume a constant fraction of their wealth, ¢;; = pw;;, and choose a mean-variance

portfolio:

Unit elasticity of intertemporal substitution leads to a constant consumption-wealth ratio.

Unit relative risk aversion in addition leads to portfolio choice with no hedging motive.
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The intermediary’s consumption and portfolio choice is similar: ¢; = pw; and

R
bt =it
(off)?

There is no real aggregate risk to its payoffs. Aversion to idiosyncratic uncertainty is due
to the value-at-risk constraint. Its particular form obviates hedging motives, leading to a
mean-variance portfolio with 44 acting as time-varying risk tolerance.

Market clearing for each country’s tree and the fact that h; = 6;w;/pir and Bit =

0110t /pir lead to the following expression:

pit = (Wit + 1t) -

This expression offers one intuitive way to look at price determination. The first important
factor is how much wealth is available for investing, w;; + Y, where wealth is weighted
with effective risk tolerance coefficients for the two investors: 1 for the local agent and ~; for
the foreign one. The second factor is the risk-return profile of the asset, which determines
how much of this wealth will be drawn in.

This is not a formula for prices in terms of exogenous objects because p;; enters ,ug and

aﬁ. Unpacking this dependence leads to the main equation of the model

1

—_ (1.4)
Yewt + Wiy

2
Mft TV —1rpit = (UﬁﬂLU)

-~

risk premium quantity of risk

The risk premium offered by country ¢’s tree is expected capital gains and dividends in excess
of the global interest rate. The quantity of risk is the variance of dividends and capital gains.
They both load on the country-specific shock dZ;;, so the volatilites simply add up. The
price of risk is the inverse of the total available wealth, weighted by effective risk tolerance

coefficients. The risk-taking capacity 7+ determines risk premia in all countries at the same
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time.

A useful benchmark is the case with 74+ = oo. I describe it in Appendix A.7. In this case,
nothing prevents the intermediary from taking advantage of a fully diversified portfolio in
which country-specific risk washes out. Equation (1.4) shows that expected excess returns
,uﬁ have to be zero in equilibirum. Otherwise, the intermediary would demand assets in
unbounded quantities. Since uﬁ = 0, local agents are unwilling to hold any domestic assets
because for them country-specific risks are a real concern. As a result, the intermediary
holds the entire global supply of risky assets. Local agents are not exposed to risk and all
have the same wealth in the long run.

When ¢ is finite, the intermediary is only willing to take idiosyncratic risk for a positive
compensation. Local agents have to absorb the rest. Exposure to country-specific shocks
makes history matter for their wealth, and there is a non-degenerate wealth distribution in
equilibrium. It is convenient to illustrate heterogeneity in a steady state with a constant
V="

Steady state. In the steady state, all aggregates are fixed. Excess returns on the special

country’s tree are zero, dR = 0, so the tree is priced at fair value:

Regular countries continually move across the steady-state wealth distribution due to id-
iosyncratic shocks. All country-specific variables are functions of their current wealth w;;
only and inherit its stochastic properties. Taking pu,(w) and oy (w) to be the drift and

volatility of wealth in dw = pu,(w)dt 4+ oy (w)dZ and applying Itd’s lemma to equation (1.4),

(ow(w)p' (w) + 0)? / ow(w)? ,
== —_— 1.5
o) == P o)+ P ) )
risk adjvustment growth term
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There are two additional terms relative to fair-value pricing. The first reflects the market
premium for risk in dividends and capital gains. The growth term reflects the fact that
prices are a function of wealth, so wealth dynamics introduce drift in prices.

The drift and volatility of wealth come from the budget constraint of local agents. After

some algebra, they can be expressed as

70l = ST w) + o
2
fiw(w) = (1 — p — Nw + Aib + —awfuw)

Volatility originates in the dividend risk and is proportional to ¢ and wealth w. The denom-
inator has two terms. The first is the total market wealth w + ~w, which reflects risk sharing
between the two participants. The second term is —p/(w)w, which accounts for endogenous
risk amplification: dividend shocks hit wealth, which translates to prices and feeds back into
wealth through them. The drift in wealth has a consumption-savings part (r — p)w, the
migration part My — Aw, and the last term is the risk compensation.

I now describe three properties of the steady state with a non-explosive price function
p(w) that converges to a constant at w — oo. First, if this limit exists, it is the fair value:

wh_r}xloo rp(w) = v

This is evident from equation (1.5). The risk correction converges to zero because in these
extremely rich countries, there is unlimited wealth available for investing, and any non-
negligible risk premium would drive demand to infinity. The growth term goes to zero
because p(w) approaches a constant and becomes insensitive to wealth as a function. As a
result, risky assets in rich countries are priced almost as the special country’s tree.

Second, in rich countries, the domestic share of local investor’s portfolios converges to
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zero. The equilibrium expression is

Olw) = wp%(—wv)zb
Since p(w) is bounded, #(w) vanishes at infinity. Agents in rich countries mostly rely on
safe foreign assets, and the volatility of their wealth does not scale with size: o (w) — o as
w — 00.
Third, local agents in rich countries take over the market. The equilibrium expression

for their holdings h(w) is

w

hw) = w 4 yw

Even though their risky portfolio share vanishes at infinite wealth, they become so large that
they dominate the domestic market. The opposite is true in poor countries: local investors

hold smaller shares of trees, and at w = 0, the intermediary fully takes over.

2.0

15

1.0

0.5

0.0

(a) Asset prices and the fair value (b) Holdings and risky shares of local agents

Figure 1.2: Panel (a): asset prices p(w) and the fair value limit. Panel (b): tree holdings of
local agents h(w) and the risky portfolio shares 6(w).

Figure 1.2 illustrates the three properties by showing prices p(w), domestic holdings
h(w), and the risky portfolio share §(w) chosen by local agents. Appendix A.8.1 describes the
calibration for this numerical example, and Appendix A.3 provides derivations and additional

details. In particular, I show that rich countries run trade and current account deficits, and
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poor countries run surpluses.

The steady-state wealth density g(w) solves the following differential equation:

The linear operator acting on g(w) in this equation is the adjoint of that acting on p(w) in
the growth term in equation (1.5). These two equations are coupled and have to be solved
jointly.

The intermediary takes positions in trees all around the wealth distribution. Since it has
access to a continuum of uncorrelated returns, it makes sure profits, earning excess returns
on its wealth with certainty. For the special country as a whole, these profits allow an
“exorbitant privilege” of persistent trade deficits even if the country is in debt. Setting net

migration flows to zero in the steady state, its trade deficit ¢ — gv can be written as

op(w)

E—Gu=r- < / plw)h(w)dC(w) — 6>1+ o / {“RE“’)} 2 dG (w)

VvV
net foreign assets

Even if net foreign assets are negative, the special country can run persistent trade deficits
financed by intermediation profits. These excess returns can be further traced to two sources:

risk premium paid on trees and trading profits.

~

—qu=r- ( [ plwhtw)icw) - B) ¥ / (v = row)h)ac(w) + / ()G )

risk premium trading profits

The risk premium is positive because trees are priced at less than their fair value. The
intermediary takes advantage of that, borrowing at r and buying claims to a stream of
dividends v at a price p(w) < v/r. Dividend risk vanishes in its large portfolio.

Trading profits arise because countries move around the steady-state wealth distribution
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due to idiosyncratic shocks. This churn generates steady-state capital flows as the intermedi-
ary trades trees with local agents. Its trading strategy takes advantage of the drift in prices.
Average drift is zero in the steady state, [ pp(w)dG(w) = 0, but the intermediary takes
positions h(w) that skew towards growing countries: i ,up(w)iz(w)dG(w) > 0. As shocks
reshuffle the wealth distribution, these countries become richer, their assets appreciate, and
the intermediary sells them to buy cheaper assets from countries that arrive to the left tail.
I now illustrate the effects of an aggregate capital flight event that hits this heterogeneous
country world. I trigger this episode by shocking the intermediary’s risk-taking capacity.
Shock to risk-taking capacity. For illustration, suppose the economy is at the steady

state at t < 0 and consider an unanticipated transitory shock to . For ¢ > 0,
=7 Aveiuﬂ/t

I choose A > 0 so that the shock to risk-taking capacity is negative, and demand falls.

The intermediary seeks to sell trees in all countries. Given returns, its desired portfolio
share falls in the same proportion in every country. Since the intermediary holds a higher
share of the market in poor countries, this means it tries to sell more assets in the left tail
of the wealth distribution, and these countries are affected more.

Another difference between rich and poor countries is the reaction of local agents. They
try to absorb the unwanted assets, and their ability to do it depends on wealth. In rich
countries, there is enough wealth to replace foreign demand without a substantial rise in
returns. Local agents need to shift a small share of their portfolio towards their home
countries to buy trees from the intermediary. In poor countries, local agents cannot absorb
what the intermediary wants to sell, and risk premia rise to convince it to sell less.

Panel (a) on Figure 1.3 shows the change in tree holdings by local agents on impact. The
dotted line shows how much the intermediary wants to sell at constant prices, that is, if the

trees continued to offer steady-state excess returns. This reflects the shift in its demand for
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risk. The solid line shows how much of that local agents actually buy in equilibrium. The
difference between the two lines indicates how much excess returns have to adjust to stop the
intermediary from selling. At large levels of wealth, there is almost no difference. Markets
adjust to the shock through shifts in quantity, and there are trades. At low levels of wealth,
adjustment is primarily through prices. When wealth approaches zero, local agents cannot
absorb anything, so adjustment is through prices only. Excess returns have to rise to exactly
match the fall in 4.

This shows why the reaction of excess returns is different across countries, but the ul-
timate object of interest is asset prices. Their response depends on what happens to the
interest rate as well as risk premia. The interest rate falls on impact. This is because a fall
in asset prices makes agents feel poorer, and they want to consume less. Output is fixed,

however, so the interest rate falls to induce consumption.

30 Fa 1r
\ e change in h(w) on impact ol
“ = @ eat constant prices
20 % -1r
)
\~ _2 -
\~~
10 Seeael -3r effect of r(t)
____________ _al effect of ¢(t)
""" 5 e change in p(w) on impact
0k 1 1 1 1 1 I
0.0 0.5 1.0 1.5 0.0 0.5 1.0 1.5
w w

(a) Change in domestic holdings (b) Change in asset prices

Figure 1.3: Panel (a): change in tree holdings by local agents on impact (in percent of
total supply). Panel (b): price change on impact (in percent of the steady-state value)
with contributions of foreign demand ¢; = v and the interest rate r¢. Both responses as
functions of wealth w right before the shock.

This fall in the interest rate revalues assets. How important is this for asset prices relative
to the shifts in risk premia? Panel (b) in Figure 1.3 shows contributions of foreign demand
pt = ypwr and the interest rate r; to the initial response of prices. In rich countries, the
impact of the interest rate dominates, and prices go up. Their assets are risky but act like
colloquial safe assets since they load negatively on the intermediary’s risk-taking capacity.
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In poor countries, the contribution of foreign demand ¢; = ;¢ dominates, and prices fall.

This key insight survives in the quantitative model of Section 1.3. Local wealth deter-
mines the exposure of asset prices to global financial shocks. Retrenchment by local agents
compresses risk premia, and risky assets in rich countries behave like safe assets in general
equilibrium. Their betas on the global risk-taking capacity are endogenously negative. At
the same time, it is this retrenchment that reflects capital flight in equilibrium. The fall
in capital flows is driven by investors from rich countries repatriating their foreign assets.
Appendix A.1 shows empirical support for this mechanism, documenting that outward flows
in advanced economies are more strongly correlated with global aggregates in the data.
Risk-sharing. Rich countries become relatively richer in downturns. At the same time,
they indirectly provide insurance to the rest of the world. The intermediary makes capital
gains on their trees, and everyone else is exposed to the intermediary’s net worth. Without
these capital gains, all countries would suffer an even larger shock to foreign demand, and
poor countries would be hit particularly hard.

The intermediary’s wealth increases on impact after a negative shock to 7¢. The reason
is its exposure to the special country’s tree. This tree appreciates on impact since the shock
to risk-taking capacity does not apply to it, and its price only responds to the falling interest
rate. The capital gains on this tree more than compensate for the losses on external position.

What happens to the intermediary’s net worth is qualitatively and quantitatively sig-
nificant in the model. To see why, notice that w enters all expressions for country-specific
variables together with v+ as a part of the product ¢y = ywe. It is important for the be-
havior of wy to conform with the data. Dahlquist et al. [2022] find that the US wealth share
increases in downturns, even though it takes losses on its net foreign asset position. The
reason is that its domestic market outperforms foreign markets more than enough to cover
this international wealth transfer. This is exactly the role of the special country’s tree here.

I next expand the model to make it better approximate data and do quantitative analysis
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to validate its predictions and run counterfactuals.

1.3 Full Model

I add three ingredients to the model to improve its quantitative performance. First, I intro-
duce real shocks alongside financial shocks from Section 1.2. This amounts to making the
dividend rate 14 a time-varying exogenous process. Variation in output allows the model
to capture swings in aggregate consumption, which is important for both capital flows and
asset, prices.

Second, I introduce a portfolio constraint on local agents. In Section 1.2, agents in poor
countries borrow from global intermediaries, and this borrowing intensifies when 4 falls. In
global downturns, intermediaries lend to poor countries to enable them to buy back trees.
Qualitatively, it does not change the fact that they are too small to insulate domestic risk
premia from the shock. Quantitatively, their ability to borrow in downturns does make a
difference for prices and other aggregates in equilibrium.

Finally, I work out the problem of the intermediary to incorporate ambiguity aversion.
The intermediary is unsure about the right model for country-specific risk and takes a cau-
tious approach to investing in risky assets. This feature prevents it from taking advantage of
a continuum of uncorrelated assets and does it in exactly the same way as the value-at-risk
constraint.

Portfolio constraint. Local savers solve the same problem as before with one more restric-

tion:

0 <0

It caps the share of risky assets in their portfolio. The interpretation depends on the value

of 6.
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If @ = 1, the saver simply cannot borrow from the intermediary. If # > 1, she can borrow
from the intermediary up to a limit of (# — 1)w;;. Since the multiple 6 of her wealth is the
tree holdings, this means that borrowing is limited by (# — 1)/6 < 1 of their market value.
Finally, if < 1, the saver must keep at least 1 — @ of her wealth in riskless bonds. In this
case, savers can be interpreted as including insurers and pension funds, who are mandated
to hold some safe assets.

The reaction of constrained savers to foreign demand flight is the same in all three cases:
they cannot buy what foreign investors wish to sell. Adjustment through prices rather than
quantities takes an extreme form. However, the value of § matters for the level, as opposed
to dynamics, of a constrained country’s leverage. In my calibration, the relevant case is
0 < 1, when all countries, including constrained ones, have at least some foreign savings like
in the data.

The saver still consumes a constant share of wealth, ¢;; = pw;+, and chooses

R

) My

0; = min < 0, —
Z { (‘7@2}

Intermediary with ambiguity aversion. I start by describing the problem of an interme-

diary who has access to a finite number of countries first. I then let the number of countries
go to infinity to approximate the continuous limit. The evolution of the representative

intermediary’s wealth is

~

wpdt — L Nipydt
Wy Wy

Wt

diby = (rey — ¢e)dt + Y Oipibd Ry + Oy Ry +
?
Here éz‘t is the portfolio share of a country ’s tree and 0; is the share allocated to the special
country’s tree.
The intermediary is unsure about the right probability measure for dZ;;, the random

component of dividends in every i. To account for possible misspecification, the intermediary
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considers other probability measures (); under which the process {Zit}tzo given by de’t =
dZ; +&;dt is a Brownian motion instead of {Z;;}¢>0. The adapted sequences {£;}¢>( index
these alternative measures ;. The evolution of an individual intermediary’s net worth can

be rewritten as

dibvy = (ryiby — E)dt + Y Oigiboy(uyf — o3f&ie)t + 0fdZyg) + Opid By + oy — Mgt

(1.6)

Each of the alternative measures (Q; is associated with a likelihood ratio M;; relative to the

original measure. These likelihood ratios are equal to 1 at ¢ = 0 and evolve as
dM; = —&it MipdZ;y (1.7)

The intermediary would like to consider scenarios with heavy losses, finding corrections
&;+ that minimize its payoff. Discipline is provided by a penalty that keeps the intermediary
from deviating too much from the baseline measure. The penalty function per unit of time
for every i is proportional to the expected value of n(w;;)dm;s, where dmg; is the increment
of the log-likelihood ratio m;; = log(M;¢), and 7(+) is a non-decreasing (perhaps, constant)
function of country i’s wealth. This allows for different levels of caution when assessing rich
and poor countries. I add this to better approximate the distribution of external assets and
liabilities.

The problem of an individual intermediary is

max inf E?
{63708703}82t QEQ

/3/ pls=t) log Cs)ds + = Z/ 7577 wzs)dmzs

t

subject to equation (1.6). Here Q is the set of alternative measures that can be represented

by equation (1.7) and {%;};>0 is an adapted sequence of cost parameters.
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The intermediary’s behavior can be described as looking at value-at-risk measures since
it considers adverse scenarios. The difference relative to imposing a value-at-risk constraint
directly is that cautious behavior here derives from preferences rather than regulatory con-
straints. Declines in risk-taking capacity can be ascribed to shifts in attitude to risk rather
than tightening regulations.

The cost parameter 44 captures appetites for risk since it determines how far the inter-
mediary is willing to go with alternative adverse scenarios. A low 4 means low costs of
considering models with large potential losses, making risky assets less attractive. Unlimited
capacity is nested as 4 = 0o, which leads the intermediary to set dm;; = 0 and stick to the
baseline probability measure. In this case, the intermediary takes advantage of a perfectly
diversified international portfolio and absorbs all idiosyncratic risk globally.

The intermediary solves the minimization problem first, choosing an alternative measure
for every country ¢ and their product measure () to account for losses suggested by models
in the admissible set Q. It then solves the usual maximization problem for given model
adjustments, choosing consumption and portfolio. In general, 4+ could be varying over time,
generating temporary episodes of low risk-taking capacity.

The increment of the log-likelihood ratio dm;; can be rewritten as
Lo
dmip = —&itdZis — 585t

Since dZ;; = dZ‘t — &;pdt, where dZ‘t is a standard Brownian increment under );, the

expectation of this under Q; is E? [dm] = fiztdt /2. The problem transforms into

_ int EPE) [ / > ils—t) (,3 log(és) + %Zn(wis)fzzs> dS]
t :

{ésﬂé&éS}sZt {gs}sZt i

subject to equation (1.6). This formulation acknowledges that the choice of measure @ € Q

is equivalent to selecting drift corrections & = {&;;}. Importantly, alternative models are
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chosen separately for all countries, and the intermediary thinks that dZit are independent
across 1.
Fix the number of regular countries at n. Consumption of the intermediary is ¢ = puy,

and portfolio weights and drift correction for each country i are

g _ (i) Hi
T+ Am(wi)  (of)?
f(n) _ 1 (n) R 1 Hit

. — = . . g = = Pp——_—
B Am(wy) T L A (wi) ol

The intermediary’s portfolio weight of each risky asset is proportional to the mean-
variance ratio. It also increases in the risk-taking capacity 4; and the country’s weight n(w;;).
Whenever 4, is finite, ambiguity aversion attenuates portfolio weights, as the multiplier before
the mean-variance ratio is between 0 and 1. The drift correction 51(:“ ) is proportional to the
Sharpe ratio, meaning that the intermediary takes a more cautious view of high-yielding
countries.

To take the continuous limit, I let the number of countries n go to infinity. Payoffs in the
limit have to include integrals over i € [0, 1], and portfolio weights 6 in the limit become a

density:

b = iy o

To ensure that this limit exists, I let the risk-taking capacity 4+ decrease as n diverges:

At = v¢/n. This double limit of portfolio weights is

R
0., — Ly M 1.8
it = nen(wit) (JR)2 (1.8)
it

Why does risk-taking capacity have to go to zero as the number of countries grows? If
the intermediary’s aversion to uncertainty does not rise as it gets access to a continuum of
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uncorrelated returns, it will take infinite positions as the law of large numbers wipes out all
the risk. The limiting density in equation (1.8) does not exist unless 4; decreases at least as
fast as v¢/n.

Another way to look at it is to account for total payoffs. Increasing n indefinitely gives
the intermediary access to more and more uncorrelated assets, so without a commensurate
rise in aversion to uncertainty the intermediary’s portfolio would blow up. It would borrow
and invest without an upper bound, and its wealth would not have well-defined dynamics in
the limit.

The drift corrections approach the Sharpe ratio:

R

R (n) _ Mt
=l & =
1

Finally, the wealth of the special country in the limit follows
1 ~ A A A
dwy = (rewy — ¢)dt + / Ot dRjpdi 4 Opwrd Ry + (Awy — Awy)dt
0

Borovicka et al. [2023| similarly take a double limit to study aversion to ambiguity with
recursive preferences. In their case, uncertainty vanishes at the same speed as the aversion
to ambiguity increases, delivering a tractable limit.

Appendix A.6.1 reverses the order and poses the problem with a continuum of assets
instead of solving a finite-country one and taking the limits of the solutions. The results
are the same. Solving the finite-country problem first has a technical advantage: alternative
measures chosen by the intermediary are absolutely continuous with respect to the true
measure. With a continuum of countries, this does not hold, as all aggregates become
deterministic and measures degenerate.

Ilut and Saijo [2021] use the same continuous limit in a model with a large portfolio of

firms to generate endogenous movements in confidence that respond to aggregates. They
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explain the effect of idiosyncratic uncertainty on an ambiguity-averse decision-maker and
relate it to work on laws of large numbers by Marinacci [1999] and Epstein and Schneider
[2003].

Discussion. Two elements of the model are technical: migration between countries and
intermediary’s weights n(w;+) on country-specific ambiguity. Migration enforces stationarity
and does not affect consumption or portfolio decisions. I could use variable discount rates

instead:

This would change consumption but not portfolio choice or wealth dynamics. Importantly,
aggregate consumption given the distribution of wealth would not change either.

The weights n(w;+) make the steady-state distribution of external assets and liabilities
better approximate the data. If n(-) is increasing, the intermediary is less concerned about
ambiguity when it comes to richer countries, so the penalty for choosing alternative measures
is higher for high w;;. Allowing for country-specific ambiguity captures some variation in
investors’ perceptions of countries that go beyond observable returns. Through n(w;;), fluc-
tuations in w;; change the intermediary’s attitude to i’s assets given its risk-return profile.
Hassan et al. [2021] provide evidence for dynamically changing perception of country-specific

risk that affects investor preferences.

1.4 Equilibrium

This section describes equilibrium, the steady state, and calibration. The definition of equi-
librium is exactly like in Section 1.2. Four types of markets must clear: for shares of regular

country trees, shares of the special country tree, bonds, and consumption goods. Individual
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wealth of representative savers must also agree with aggregate wealth in their respective
countries.

I drop the subscripts and refer to countries using their current wealth w. This step
could not be done before solving the intermediary’s problem because countries with different
identities provide independent returns and have to be accounted for separately, even if their
local dynamics are the same. But now, with portfolio choice given by equation (1.8), I
can work directly with prices p(w,t) and portfolio shares 6(w,t) and é(w, t) that map into
holdings h(w,t) and h(w,t).

Rewriting the market clearing conditions for each regular country,

p(w,1) p(w,1) _gw}

SOn(w) T o) (19)

pp(w,t) =op(w,t)?- max{

This equation shows how returns are determined by available cash in the market given by
local wealth w and intermediary’s demand ¢(¢)n(w), where the global factor ¢(t) = ~(t)w(t)
is common to all markets, as in Section 1.2.

The max operator here shows that the local savers can be constrained or unconstrained
in their portfolio choice. When the constraint is slack, the price of risk is given by the ratio
of the total supply of assets p(w,t) - 1 divided by the total demand ¢(¢)n(w) + w. Both
local and foreign investors are marginal. The elasticity of excess returns to the global factor
©(t) depends on the country’s wealth. In countries with a large w, this elasticity approaches
zero. Local savers can absorb all fluctuations in foreign demand without drastic movements
in required returns. In poor countries, local savers can do it less effectively, and the elasticity
approaches —1 as w — 0. This case is well described by the simple model of Section 1.2.

When the constraint binds for local savers, only the intermediary is marginal, so the price
of risk is the residual supply p(w,t) — 6w divided by its demand ¢(¢)n(w). This case is new
relative to Section 1.2. The intermediary is the only marginal investor in these countries,

and the elasticity of excess returns to o(t) is —1. Domestic investors cannot absorb any
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shifts in foreign demand, so they pass through to required returns one for one.
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Figure 1.4: Supply and demand for country ¢’s trees as a function of the mean-variance ratio
UR/ 012% for fixed w and p. Supply is vertical. Demand h from the intermediary in red, A from
the local savers in blue. The total demand is a horizontal sum of the two. Local savers are
constrained on panel (a) and unconstrained on panel (b). Dashed lines show shifted curves
after foreign demand is partially withdrawn. Equilibria move from the black to the white
dots.

A constrained country is illustrated on panel (a) of Figure 1.4. The red line depicts
demand from the intermediary, local demand is in blue, and their horizontal sum in black is
the overall demand. This line has a kink where the mean-variance ratio becomes so high that
local savers hit their portfolio constraint. The supply line is vertical, and the supply-demand
intersection is in the region where domestic demand is fully inelastic.

If a negative shock to ¢(t) leads to withdrawal of foreign demand, total demand shifts
left. The new supply-demand intersection is at a higher mean-variance ratio. The blue line is
vertical at this point, so local investors cannot increase their holdings. Since there is nobody
to sell to, the intermediary has to accept the old quantities, and excess returns must rise.
Adjustment fully happens through prices, which in Section 1.2 only happened in the limit
w — 0.

A more elastic case is illustrated on panel (a) of Figure 1.4. The fall in foreign demand still
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leads to an increase in required excess returns, but this time local savers are unconstrained
and can compensate for capital flight. There is trade. They increase their holdings in
response to wider spreads, and excess returns do not move as much.

The extent to which trades can insulate prices from the shock to ¢(t) depends on w,

which in the picture maps into the slope of the blue line left of the kink. Large w means a
low slope, with a horizontal line in the limit or w — o0o. Excess returns do not move at all
in this case. Small w makes the blue line closer to vertical. Poor unconstrained countries
behave like constrained ones.
General equilibrium. Figure 1.4 shows partial equilibrium shifts. To get the full general
equilibrium picture, I have to account for the following things. First, higher promised returns
come from future price growth, which requires asset prices p(w, t) to fall in equilibrium. This
revalues portfolios and impacts wealth w and w. Second, consumption responds to changes
in wealth. This leads to a change in the interest rate that further revalues assets, including
the safe asset issued in the special country that is not affected by () in the first place.

Capital flows offer another general equilibrium perspective. When local investors buy
domestic assets from the intermediary, they run down their foreign holdings. Since all un-
constrained countries do this simultaneously, a fall in ¢(t) leads to a wave of global retrench-
ment, which is reflected in the shrinking balance sheets of global intermediaries, who now
raise less funding to finance their investments. This deleveraging affects short-term rates,
changing prices and revaluing wealth.

The main insights on heterogeneity from Figure 1.4 survive, though. Constrained markets
show very limited trading activity, and adjustment happens through prices. Unconstrained
markets in sufficiently rich countries see large trading volumes and, because of that, limited
price movements. Closing the model pins down levels of responses in addition to differences

between countries that are visible on Figure 1.4 already.
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To recover prices, define equilibrium drift and volatility functions (pu, fp, 0w, op) as

dw = py(w, t)dt + oy (w,t)dZ

dp = pp(w, t)dt + op(w, t)dZ

Here dZ are increments of the country-specific Brownian motions. Using the definition of

returns,

pr(w,t) = (pp(w, t) + v(t))/plw, t) —r(t)

op(w,t) = (op(w,t) +0)/p(w,1)

Plugging this into market clearing and using Itd’s lemma leads to a partial differential equa-
tion for p(w,t). A related partial differential equation determines the evolution of the regular

country wealth distribution G(w,t) with the associated density g(w,t).

PROPOSITION 1.  The prices p(w,t) and density g(w,t) solve the following system:

1
r(t)p(w, t) - atp(wa t) = y<wa t) + Hw(wa t)awp(wa t) + §Jw(w7 t)2awwp(w7 t)
1
subject to suitable boundary conditions. The risk-adjusted payoff function y(w,t) is given by

o

= e(w,t>e<w,t>)2 e {w + @(115)77(10)’ w<t>2<w> (1 B p(fuu,}w) }

vl ) =) -

where e(w,t) = w/p(w,t) - Oyp(w,t) is the wealth elasticity of price.

The price p(w, t) solves a standard Kolmogorov backward equation akin to those describ-
ing value functions. The discount rate is r(¢), and the reward function y(w,t) is the tree

yield adjusted for risk. The wealth distribution solves a standard forward equation, and
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these two equations are coupled. The feedback loop between them goes through r(t), which
clears the global bond market and therefore depends on the distribution of wealth, and the
global factor ¢(t), which includes w(t), the special country’s net worth that depends on the
distribution of prices.

A slight complication in solving the coupled system is that the payoff function depends
on p(w,t) and its derivative in a non-linear way. On top of that, one needs to know p(w,t)
to compute the drift and volatility of wealth. This turns the problem posed by Proposition 1
into finding a fixed point. I describe my solution algorithm in Appendix A.9.

Steady state. Suppose 7(t) and v(t) are constant and the economy is in the steady state
with a steady-state wealth distribution and price, return, and portfolio weight functions.
Notation for these steady-state versions omits the time argument.

Relative to Section 1.2, there is a new source of heterogeneity between rich and poor
countries. Namely, there is a threshold @ such that the local portfolio constraint 0(w) < 0
binds in countries with w < w. In poor countries, prices are depressed by low wealth in the
market. This renders expected returns high, so domestic investors want to allocate a high
share of their portfolio to the tree and hit the limit 6. As a country grows rich, it outgrows
the constraint since the price increases with wealth, lowering expected returns and making
the tree less attractive. As in Section 1.2, the risky portfolio share of local investors 6(w, t)
falls in w.

Portfolio constraint makes the elasticity of excess returns to foreign demand ¢(t) equal
to —1 in a positive measure of countries at once. In the world without the constraint,
as described in Section 1.2, this extreme elasticity is only present in the limit w — 0.
Introducing @ spreads this behavior to all countries with w < . In unconstrained countries,
the elasticity of excess returns to () still increases in wealth and approaches zero when
w — 00, as in Section 1.2.

Calibration. Table 1.1 presents the steady-state targets and model fit. I choose the model
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Table 1.1: Steady-state calibration.
model target source

aggregates:
US wealth share 31.5% 32.3% Credit Suisse [2022]
US output share 23.7% 22.8% World Bank
average risk premium 2.62pp  2.5pp Gourinchas and Rey [2022]
emerging market premium 2.22pp  2.3pp Adler and Garcia-Macia [2018§]
external assets to liabilities:
mean 1.071  1.075 IFS (IMF)
standard deviation 0.686  0.685 IFS (IMF)
q25 0.614 0.621 IFS (IMF)
gb0 0.849 0.877 IFS (IMF)
q75 1.285  1.249 IFS (IMF)

parameters to approximate the following moments. First, I designate the US as the special
country and target US wealth share of 32.3% from Credit Suisse [2022] and US share of
GDP of 25.4% from the World Bank data. Second, Gourinchas and Rey [2022] estimate
that the US gets an annual return of 2-3 percent on its external position. Third, Adler and
Garcia-Macia [2018] estimate that emerging markets earn a 2.3pp lower real return on NFA
compared to advanced economies. Finally, I make the model reproduce some moments of
the empirical distribution of external assets relative to external liabilities. See Appendix A.8
for details.

I further normalize average output v and set ) to a value that induces zero net migration
flows in the steady state. The parameters are (p, p, A, N, 0,0,7,4. (), where ( sets the
intermediary’s weights: n(w) = ( + (1 — {)w.

This affine specification has two properties. First, at w — 0 it pans out to a constant,
so the total demand for assets is bounded away from zero even in countries with vanishing
wealth. These countries are taken over by the intermediary, and the prices of their trees are
bounded away from zero. Second, at w — oo the intermediary’s demand is proportional to

that of the local investors, so the trees are not completely taken over by domestic agents
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Table 1.2: Model parameters.

parameter  value meaning

regular countries

p 0.0793 discount rate
A 0.0177 emigration rate
v 0.0600 output rate
o 0.0647 output volatility
f 0.7059 upper limit on risky asset share
special country
p 0.0844 discount rate
A 0.0384 emigration rate
qg 0.3096 asset stock
¢ 0.3824 country weight intercept
v 0.6698 risk-taking capacity

even as they become infinitely rich. This prevents the rich countries from having to hold
the entire supply of their risky assets, in which case fluctuations in foreign demand would
mechanically have very little effect.

The portfolio constraint parameter § = 0.71 means that not only are regular countries
unable to borrow, but they also must hold some riskless debt. This can be associated
with regulatory mandates on investment vehicles. The share of unconstrained countries in
the steady state is about 12%, which is close to the number of advanced economies in the

world.

1.5 Financial and Real Shocks

This section illustrates a shock to risk-taking capacity v in the full model and discusses its
general equilibrium implications in detail. I then compare this financial shock to a real shock
that exogenously hits output and explain what features of aggregate data these two shocks
map to.

Shock to risk-taking capacity. For illustration, suppose the economy is at the steady
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state during ¢ < 0. At ¢t = 0, there is an unanticipated shock to future path of ~:
V() =7 = Aye M 1{t > 0}

I set the persistence parameter p, = 0.24 and the size of the shock ey at 7.9% of the
steady-state value of v in accordance with my estimation results from Section 1.6.

The shock to v(t) has an immediate effect on the global factor ¢(t) = ~(¢)w(t). The
intermediary loses its appetite for risky assets and withdraws demand from all markets in
regular countries. Expected excess returns rise. If the interest rate r(t) was fixed, these
expected returns would come from the initial fall in prices p(w, t) and a positive drift as they
gradually recover.

However, as prices fall, investors lose money on risky assets and want to consume less.
With output fixed, r(¢) has to fall to convince them to consume the old amount on aggregate.
The fall in the intermediary’s risk-taking capacity thus generates a fall in the global interest
rate. This revalues assets, so the fall in r(¢) limits the overall fall in prices.

Figure 1.5 shows the responses of r(t), p(t), and the average risky asset price p(w,t).
In addition to the average, panel (c) has the responses of prices at the 5-th and 95—th
percentiles of the wealth distribution. They are different and even have the opposite signs.
At the 95-th percentile, the tree gains value on impact. As explained in Section 1.2, this fall
in the interest rate more than compensates the rise in risk premium in rich countries since
retrenchment fully neutralizes the fall in foreign demand. This leads to instant appreciation.
In poor countries, the rise in risk premiums dominates, and assets depreciate on impact.

The safe asset, which is the special country’s tree, appreciates as well. In fact, the increase
in its price p(t) is enough to increase the special country’s wealth w(t) on impact. This is
consistent with the results in Dahlquist et al. [2022| and Jiang et al. [2022]. The special
country loses money on its foreign holdings but ends up increasing its wealth share.

What would happen without the constraint 7 Agents in the left tail of the wealth
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(a) Interest rate. (b) Safe asset price. (c) Risky asset prices.
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Figure 1.5: Impulse responses of prices. Panel (a): global interest rate r(t), percentage
points. Panel (b): safe asset price p(t), percent of the steady-state value. Panel (c), solid
line: average risky asset price p(w,t), percent of the steady-state average. Dashed lines:
responses of the prices at the 5-th percentile of the wealth distribution (in green) and at the
95-th percentile (in purple).

Figure 1.6: Gains and losses of the intermedi- Table 1.3: Distribution of gains and losses
ary and local savers on impact. Measured in on impact in percent of global GDP. Low
percent of global GDP, weighted by density w countries are those constrained in steady

at t =40 state, O(w) = 0
5 —
___________________________ intermed. (safe asset) 1.96%
or intermed. (risky assets, low w)  —1.06%
st intermed. (risky assets, high w) 0.06%
Bl intermediary savers in low w countries —1.34%
—10F savers . . .
— —safe asset savers in high w countries 0.31%
OjO OI.S 1.I0 1j5 2.IO
w

distribution would borrow from the intermediary to buy assets, so lending to poorer countries
would rise during global downturns. These countries would be effectively issuing riskless debt
to the intermediary to fund purchases of their risky assets, against empirical evidence. In
my calibration, # = 0.71 means that regular countries cannot borrow at all, and there is no
spike in lending during global busts.

Distributional impact. What do risky assets issued by different countries contribute
to gains and losses of the global intermediary’s portfolio? And how are gains and losses

distributed among investors in regular countries? Figure 1.6 shows them in cross-section,
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measured in percent of global GDP and weighted by the steady-state density so that they
can be integrated directly to compute the totals. Table 1.3 aggregates gains and losses into
those made by the intermediary on the safe assets and risky assets from countries that are
initially constrained and unconstrained. Constrained countries have low wealth, so they map
into emerging markets. Table 1.3 also aggregates the impact of the shock on the wealth of
local investors.

Two things stand out. First, total wealth revaluation is close to zero. Because the

elasticity of intertemporal substitution is equal to one, it always holds that

/ pwdGw, t) + pis(t) = v(1 + )

The shock to risk-taking capacity v(t) does not affect output. This means that the interest
rate in general equilibrium will adjust to revalue assets enough to keep the weighted sum
of global wealth on the left-hand side of this equation constant. An implication is that the
intermediary’s wealth and that of the rest of the world cannot go down at the same time,
and there has to be redistribution with an approximately zero sum. If p = p, it is exactly
Zero-sum.

Second, there is substantial heterogeneity. Losses are concentrated in poorer countries.
In contrast, risky assets issued in rich countries endogenously behave as almost safe due to
retrenchment. At the same time, the intermediary shares in the losses in poor countries more
than in the gains that rich countries make. This is because the intermediary’s portfolio is
skewed towards high-yielding emerging markets.

Losses on risky assets in regular countries translate into a fall in the special country’s
net foreign asset position. This country makes a wealth transfer to the rest of the world by
absorbing part of their losses, consistent with observations in Gourinchas and Rey [2022].
On the other hand, the intermediary’s exposure to the special country’s tree and trees in rich

countries limits its losses and increases its wealth share on impact. Rich countries contribute
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to stabilizing the intermediary’s net worth w(t) and, through that, help arrest the fall in
o(t) = y(t)w(t). The upshot is that rich countries partly insure the global intermediary,

which in turn partly insures the poor countries.

(a) Domestic asset holdings. (b) Net income components.
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Figure 1.7: Panel (a): holdings of domestic assets by local investors in percent of total supply
(difference relative to the steady state). Solid line for the change on impact, dashed for the
expected change one quarter out, dotted for the expected change one year out. Panel (b):
changes in components of expected wealth accumulation over the first quarter. Changes in
prices in red, changes in interest income in blue, changes in dividends in green. Horizontal
axis corresponds to wealth at ¢t = 0, right before the shock hits.

Adjustment in regular countries. How do regular countries adjust? Panel (a) on Fig-
ure 1.7 shows the expected changes in holdings of domestic assets relative to the steady
state. Expectations here are taken with respect to idiosyncratic shocks, and the horizontal
axis corresponds to wealth at t = 0. See details in Appendix A.10.

Investors in rich countries retrench on impact and buy about 1% of the total supply of
domestic assets. They then gradually sell them back in transition. These transactions, of
course, are the other side of the intermediary’s asset purchases.

Panel (b) decomposes expected wealth accumulation in regular countries over the first
quarter. Changes in asset prices are positive for poor countries and negative for rich ones as
the world reverts back to normal. Interest income declines for everyone, but disproportion-
ately so for rich investors. Dividend income increases for rich investors since they retrench
and have more risky assets in portfolios right after the shock. To finance consumption, in-

vestors from rich countries have to sell assets since their interest income declines more than
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their dividend income rises.

The world becomes more unequal in terms of wealth and in terms of spreads after the
shock. Realized returns right after the shock are negative in poorer countries and close to
zero in richer countries. This is consistent with the results in Chari et al. [2020], who show
that the left tail of the return distribution moves more than the right tail during risk-off
episodes. The distribution of required returns in the model also becomes more dispersed and
skewed.

Shocks to output. I now describe another type of shock: a persistent decline in output. I
hit the economy separately with two unanticipated shocks, one to output in regular countries

and one to the special country’s output. They both have the following shape:

v(t) = v — Aye M1 {t > 0}

I set the size of the shock Ay to 2.2% of the steady-state value v and persistence parameter
to py, = 0.78 in accordance with my estimation results from Section 1.6.

The aggregate effects of these two shocks are qualitatively similar. Output falls on impact,
so the interest rate has to rise to make agents consume less. Asset prices fall because of lower
future dividends, and the rising interest rate depresses them even further. Magnitudes differ
by about three times: the output share of the special country is approximately one-quarter
of the total.

The falling asset prices revalue everyone’s wealth. In particular, the intermediary’s net
worth w(t) takes a hit, which affects the global factor p(t) = v(¢)w(t). From the perspective
of the equilibrium condition on excess returns in equation (1.9), it looks like a fall in the
intermediary’s risk-taking capacity. Importantly, this happens in both cases. It is natural to
expect losses to be distributed between everyone when the shock hits regular countries: both
local agents and global intermediaries hold their assets. The shock to the special country,

on the other hand, hits dividends on the safe asset, which is only held by the intermediary.
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(a) shock to regular countries. (b) shock to special country.
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Figure 1.8: Changes in risky asset prices on impact: percentage change in p(w,t) relative to
the steady state decomposed into the effect of interest rate r(t), foreign demand ¢(t), and
dividends v(t). Shock to v in regular countries on panel (a) and the special country on panel

(b).
The fact that it spreads to regular countries through ¢(t) and r(¢) reflects strong contagion
forces.

Figure 1.8 shows the cross-section of impact changes in asset prices. Unlike with a shock
to risk-taking capacity «(t), prices fall everywhere because the interest rate rises. Panel (a)
shows a rough decomposition of the impact effect into parts that come from a jump in r(t),
a fall in (), and a fall in v(¢). The interest rates drive asset prices in the right tail of the
wealth distribution. In poor countries, prices respond to foreign demand ¢(t) and discounted
future cash flows more. The decomposition is not exactly additive since the price function
is highly non-linear.

Empirically, US shocks are an important driver of global dynamics. Boehm and Kro-
ner [2023] show that news about the US economy has strong effects on risky asset prices
globally. Miranda-Agrippino and Rey [2020]| provide evidence for the global impact of con-
tractionary monetary policy in the US. Kalemli-Ozcan [2019] documents spillovers of US
monetary policy that are particularly large for emerging markets. My model does not have
a nominal dimension and monetary policy, but the real projection of a richer nominal model
could generate spillovers from the special country to the rest of the world through the same

mechanism.
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Differences between shocks to v and v. Prices react to financial and real shocks in
different ways. After a negative shock to output, all prices fall, showing strong procyclicality
with respect to v. After a negative shock to risk-taking capacity, prices in poor countries fall,
and those in rich countries rise. The former are procyclical with respect to v, and the latter
countercyclical. Special country’s tree shows the same pattern as those in rich countries.

Another contrast between these shocks to v and + is capital flows on impact. Output
shocks generate flows of similar magnitudes across countries. The reason is that they do
not raise disagreement on the risk properties of assets. The absolute risk aversion of the
intermediary is v(¢)w(¢)n(w), and that of the local investor is simply w. Since 7 is constant,
they only change relative to each other to the extent that w and w(t) change by different
amounts. Hence, trades are driven by differences in wealth revaluation between local agents
and intermediaries. These differences are similar across countries.

With a shock to «, this is not the case: the fall in v dominates movements in wealth, so
the shock opens a large gap between absolute risk aversion coefficients, generating trades.
Capital flows are strongly procyclical in rich countries and less so in poor ones.

I next estimate the model using data on asset returns and capital flows. Output shocks
are essential since data show large swings in aggregate returns. Since the effects of output
shocks are similar when they originate in the special country and in the rest of the world, I

shock v in all countries at the same time.

1.6 Estimation

To estimate the model, I work with its first-order approximation. Shocks to v and v drive

the dynamics. I use the following processes for their deviations from the steady state:

di(t) = —paA(t)dt + oy - AW (1)
di(t) = — o (t)dt + oy - AW (2)
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Here 4(t) = v(t) —~ and #(t) = v(t) — v with (v, v) being the steady-state values. The shock
increments dW(t) are two-dimensional standard Brownian. Parameters sy and p, govern
persistence. Loadings o and o, are two-dimensional vectors. The first-order approximation
of the model is around o~ = 0, = (0,0).

I work in the sequence space and compute sequence-space Jacobians. Take two sequences
of deviaitons {¥(¢)}t>0 and {7(t)}+>0 that become known at t = 0. Take also a sequence

{z(w,t)}4>0. For any t > 0, the first-order deviation of z(w, ) is

zm@_éw&¢mmwmw+émbﬂmmwmm

Here J, , and J,, are sequence-space Jacobians of z. They are defined for ¢ > 0, 7 > 0,
and all w. The fact the deviation sequences {¥(t),7(t)};>0 become known at ¢t = 0 is
important. Shocks dW that will happen in the future cannot affect the economy now through
the deviations they have not yet created. The time-varying function of wealth z(w,t) can
represent, for example, asset prices p(w,t) or the probability density of wealth g(w,t).

I find these sequence-space Jacobians by solving the linearized version of the coupled
system of equations from Proposition 1. Appendix A.12 shows the linearized system and
explains the algorithm.

First-order deviations of aggregate sequences {x(t)};>0 can be written as

z@:Amhmemm+Amgﬂmwmm

with Jg 4 and Jz, being its sequence-space Jacobians.

Since these deviations are first-order, Z(t) additively subsumes the first-order reaction of
x(t) to all deviations in v and v that became known prior to ¢t. At any s < ¢, the shock
dW (s) reveals a new devition in 7 and v that has the following time profile: (s + 7) =

e MTay-dW(s)and U(s +7) =e 70y, - dW(s) for all 7 > 0. The deviation Z(t) adds up
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responses to all these happening before ¢:

() = / ; ( /0 - Jon(t— S,T)e—MdeT) ory - AW (s)

t 00
(/ Jau(t = s, T>e““‘”> oy - AW (s)
0

_|_
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This can be rewritten as

t A A
z(t) = / (Jony(t =55 py)oy 4+ Tzt — 55 pp)oy) - dW (s)

—00

Here the reduced Jacobians jx,»y and jx,l/ are

o0
Jm,fy(t, /if')/) - /0 J;p;y(t,T)eilu”YTdT

(0.0
v (t; ) :/ Jpw(t,T)e M dr
0

For estimation, a sample path of Z(¢) can be integrated from a simulated sequence of shocks
dW given parameters. Jacobians Jy~ and J;p, only require knowing the steady state.
Parameters that determine the steady state come from the calibration procedure explained
in Section 1.4. To estimate the parameters of the processes for v and v, I use the method of
simulated moments.

Data. I use two aggregates x(t): total outflows m(t) and average risky asset prices p(t)

given by

mit) — / (1 — 0w, £))wdG(w, 1)
plt) = [ plw. )G, )

I compute their first-order deviations in the model and normalize them by the steady-state

values. These quantities are denoted by m(t) and p(t).
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To construct the data analog for outward flows, I take the Balance of Payments and

International Investment Positions data from the IMF. For a country ¢ in quarter ¢, the

raw

quantity f;*" denotes net purchases of foreign assets. Following Forbes and Warnock [2012a]

and Forbes and Warnock [2021], I take a smooth version:

¢ t—4
_ raw raw
it —Zfit _Zfit
i3 7

I restrict attention to portfolio debt, portfolio equity, and “other” assets (banking flows).

The analog of m(t) is

M(t) = > i fit
> i Ait—1
where A; ;1 is the stock of these assets one quarter before in country i. See Appendix A.2
for details of data construction and sample statistics.
I construct the analog of p(t) from the MCSI asset price index that excludes the US.
Denote the quarterly version of this index by ;. The analog of p(t) is quarterly returns

smoothed over the four-quarter window: P(t) = 25—3 Qs/Qs—1-

0.00
-0.05

-0.10

-0.15 |

— — M)

Q4 2003 Q1 2006 Q2 2008 Q3 2010 Q4 2012 Q12015 Q2 2017 Q3 2019 Q4 2021

Figure 1.9: Constructed data series P(t) and M (t).

Figure 1.9 shows the data. The sample is 85 quarters long, starting in Q4 of 2001, which is

the first point at which I have more than 10 emerging markets in the sample for capital flows.
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I compute moments of these series and compare them to moments of simulated sequences,
looking for a combination of parameters that minimizes a quadratic distance. Table 1.4

shows the targets.
Table 1.4: Targeted moments.

std(pe) std(myg) corr(pe, my) corr(pe, pr—1) corr(mg, me—1)
data 0.048 0.049 0.738 0.785 0.828
model 0.048 0.049 0.740 0.779 0.839

I estimate five parameters in total. The first two are persistence levels (jiy, ). Both
loading vectors are two-dimensional: oy = (041, 042) and 0y = (0,1,0,2). I normalize 0,1 =
0. The first dimension of the shock, dW7(t), only affects 7(t), while dWs(t) hits both (¢)
and o(t). Increments dy(t) and di(t) are potentially correlated. Table 1.5 shows estimated
parameters. | estimate standard errors using parametric bootstrap. See Appendix A.8.2 for
details.

Table 1.5: Estimation results.
oy P il 972 Tv2

0.244  0.776  0.126  0.084  0.0039
(0.093) (0.045) (0.031) (0.010) (0.0001)

Figure 1.10 shows the first-order responses of m(t) and p(t) to the standard paths of 4

and Dt:

(t) = loyle™" - 1{t > 0}

o(t) = |oyle Mt 1{t > 0}

The shock to v affects outward flows more strongly than prices since prices in rich and
poor countries move in opposite directions. The shock to v affects prices more strongly,

shifting all of them in the same direction. In aggregate data, the volatility of P(¢) and M (t)
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Figure 1.10: First-order responses of m(t) and p(t) to standard-sized shocks to v and v,
measured in percent of the steady-state value.
is similar, so the model needs both shocks. In the next section, I analyze their contributions

to the cyclicality of key quantities separately.

1.7 Quantitative Analysis

This section dissects the effect of financial and real shocks on global aggregates and on rich
and poor countries separately. I start by showing that the model captures key differences
between rich and poor countries along the cycle, even though I only use global sequences to
estimate parameters of aggregate shocks.

Untargeted moments. I map rich countries in the model to advanced economies in the
data. A natural threshold in the model is the level of wealth at which the portfolio constraint
starts to bind in the steady state. I designate countries richer than this cutoff as advanced

economies and those below as emerging markets.

Table 1.6: Untargeted volatilities.

outward flows asset prices
std(mi)  std(mf M) std(ptE)  std(pFM)

data 0.045 0.035 0.042 0.059
model 0.074 0.027 0.030 0.048

Table 1.6 shows untargeted volatilities of outward flows and asset prices. The model

captures two aspects of heterogeneity from the data. First, the volatility of outward flows
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as a share of assets is larger in advanced economies. In the model, this property derives
naturally from the portfolio constraint that stops investors from poorer economies from
reacting to global shocks. Second, asset prices are more volatile in emerging markets. The
model generates the same pattern by allowing investors from rich economies to retrench and
compensate for the shortfall of foreign demand without much higher risk premia.

The model overestimates the difference in the volatility of flows. This is because there is
an artificially sharp change in behavior around the portfolio constraint. Redefining advanced
economies and emerging markets so that some advanced economies are also constrained in the
steady state partly alleviates this. The same applies to asset prices. The model definition of
advanced economies overstates the difference in volatility, and designating some constrained

countries as rich would make this less pronounced.

Table 1.7: Untargeted correlations.

cor(mff —mFM ) cor(pff — pEM me) cor(ptf — pFM mfE — mPM)
data 0.67 -0.16 -0.17
model 0.13 -0.95 -0.59

Table 1.7 shows correlations between the relative performance of rich and poor economies

fE — ﬁz?M , which is how much more outward

and aggregates. The correlation between m
investment rich countries do, and global outward lows m; is positive in the data. This means,
for example, that investors from rich countries more actively retrench in downturns. Adding
this fact to that in Table 1.6 means that not only are outward flows more volatile in advanced
economies, but they are also more closely timed to global shocks. The model reproduces this
pattern, although it does not hit the correlation quantitatively.

The correlation of relative performance of assets ]5{54}3 — ﬁFM with aggregate flows my
is negative. Advanced economies outperform emerging markets more in global downturns,

which is when capital flows recede. In the model, a strong negative correlation is generated

by more active retrenchment in rich countries insulating asset prices from foreign demand
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shocks. The last column confirms this, showing that advanced economies outperform emerg-
ing markets more when there is a deeper fall in their outward flows.

The converse of this is, of course, the better relative performance of emerging markets in

global booms, which is when aggregate outward flows are on the rise. Advanced economies
grow their external investment by more, and this reduction in domestic demand partly com-
pensates for large inflows generated by intermediaries. In poor countries, domestic investors
are constrained, so the reduction in the desired portfolio share of the domestic tree does
not cause a reduction in the actual share. A rising foreign demand meets inelastic residual
supply.
Financial and real shocks. Shocks to the intermediary’s risk-taking capacity and output
shocks have the same implications for poor countries in the model: asset prices fall after a
decrease in either of the two. In rich countries, asset prices load positively on v but negatively
on v. The same happens in the special country. The interest rate responds positively to
output and negatively to risk-taking capacity. Figure 1.11 shows these patterns using impulse
responses obtained with sequence-space Jacobians.

Table 1.8 shows variance decomposition for first-order deviations of total outward flows
my, the global average of asset prices py, and separately averaged asset prices in advanced
economies and emerging markets pAE and pE M " The last row shows the decomposition for

AE ptEM

pi - , which measures relative performance of assets in advanced economies compared

to emerging markets.

data | full model only v only v

my 0.049 0.049  0.024  0.044

P 0.048 0.048  0.007  0.044

i E 0.042 0.030  0.009  0.033
pEM0.059 0.048  0.010  0.042
piE - pEM 0,035 0.026  0.019  0.010

Table 1.8: standard deviations of first-order responses. Responses measured in units of the
respective steady-state values, except for the last row.
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Figure 1.11: First-order impulse responses of asset prices averaged across poor countries

pEM , asset prices averaged across rich countries pAE , the special country’s price p, and the

interest rate r. Top row: shock to v. Bottom row: shock to v.

One observation is that output shocks contribute more to variance of both aggregate
flows m; and average asset prices ps. The model attributes a large share of variation in the
data to v, so the picture would be incomplete without including it. Moreover, I estimate
the shocks to have a positive correlation of 0.56, so output is often falling in times of low
risk-taking capacity.

Another observation is that the relative contribution of shocks to risk-taking capacity to
flows my is larger than that to prices ps. This is consistent with the fact that shocks to ~
are redistributive and do not destroy aggregate wealth. Financial shocks explain 24% of the
variance in aggregate capital flows.

The model can explain around 55% of the variance in the pr — pFM , the relative
performance of assets in advanced economies compared to emerging markets. Financial
shocks alone explain about a third of the total variance, and real shocks in isolation about
10%.

The relative performance of advanced economies is one quantity to which output shocks
52



contribute less than the shock to risk-taking capacity. The reason is that advanced economies
outperform emerging markets in downturns due to more active retrenchment, which is tightly
connected to risk-taking capacity shocks. Output shocks do not generate differential re-
trenchment patterns, since flows in times of low output are mainly generated by domestic
agents losing less wealth than intermediaries and becoming relatively richer, which leads to
them taking over the tree. This happens in all countries, with little effect of size or the
portfolio constraint.

Cyclicality. Since the two shocks move asset prices in advanced economies in oposite
directions, it is natural to expect the cyclicality of prices to be different from that in emerging
markets. To assess cyclicality, I use their correlation with aggregate outward flows my. The
response of m; to both shocks is positive, and my is a natural barometer of the global financial
cycle. T compute the correlations in the full model and then shut down the shocks to v and

v separately to gauge their respective contributions.

full model only v only v

Dt 043 -0.96  0.66
piF 052  -0.97  0.58
pFM 0.69 093  0.48

r 062 097 -0.57

pit — pEM 055  -0.95 -0.18

Table 1.9: correlations of first-order responses with total outflows my

Table 1.9 shows the correlations. All prices are procyclical in the full model, and the
interest rate is countercyclical: it rises in downturns. In emerging markets, correlation with
my is the highest, since both shocks to v and v contribute positively. In advanced economies
and in the special country, shocks to risk-taking capacity contribute negatively, which partly
offsets positive co-movement coming from shocks to output, and the overall correlation is
lower. As a result, relative performance of assets in advanced economies compared to emerg-
ing markets is countercyclical.
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Table 1.10 shows what this implies for the cyclicality of wealth. The correlation of wealth
in advanced economies and the special country with m; is three times lower than that in
emerging markets. This difference is coming from the shocks to risk-taking capacity that
redistribute to rich countries in downturns, suppressing the volatility of their wealth.

full model only v only v

Wy 0.30 -0.95  0.11
witt 0.32 -0.89  0.97
wfM 0.94 097  0.99

Table 1.10: correlations of first-order responses with total outflows my

The shock to risk-taking capacity turns out to have a stabilizing impact in rich countries,
especially since it is positively correlated with the output shock. In times of low output, the
risk-taking capacity of global intermediaries is often low as well, which benefits rich countries
since their propensity to retrench supports their asset prices in downturns.

Limitations of the model. The model is an exchange economy without differentiated
goods, nominal rigidities, investment, policymakers, or within-country heterogeneity.

Adding differentiated goods and nominal rigidities can help incorporate the feedback
between aggregate demand and output. I estimate a positive correlation between shocks
to risk-taking capacity and output shocks. This suggests that a model with endogenous
output could fit the data just as well if the output is occasionally demand-determined and
risk-taking capacity shocks affect aggregate demand through asset prices, as described by
Caballero and Simsek [2020b)].

Nominal rigidities are important for monetary policy. Kalemli-Ozcan [2019] shows that
advanced economies and emerging markets are exposed to the US monetary policy in different
ways. Their own policy responses are different too, as shown by De Leo et al. [2022] and
Das et al. [2022]. This heterogeneity could have aggregate implications.

The fact that in reality, all countries issue assets denominated in dollars as well as their

local currency generates another contagion mechanism, as pointed out by Jiang et al. [2020].
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Tracking the distribution of countries and gross capital flows is important for studying these
questions. However, the picture is incomplete without fluctuating exchange rates since ex-
change rates absorb non-trivial fractions of movements in risk premia and asset prices.

Investment and, more generally, endogenous supply of assets is necessary to model more
realistic macro adjustment to short-run shocks and long-run growth. When the supply of
assets is not fixed, gross flows matter for borrowing costs and have an important connection
to the real economy. Adding these elements to the model can open the door to studying
capital controls, industrial policy, and their external spillovers.

The data I use do not include reserves, which in reality play an important role in external
adjustment. Reserves are deployed by social planners and do not only respond to risks and
returns. I also do not consider capital control or financial repression policies. Local planners
may turn out to create international externalities, posing a non-trivial problem for the global
planner. Considering the local planner’s problem could be a useful next step, as well as
thinking about a global planner that addresses possible coordination issues between local

planners around the world.

1.8 Conclusion

I develop a model of the world economy with two tiers of heterogeneity between countries.
The special country occupies the place of a global intermediary and issues safe assets. Regular
countries issue risky assets and endogenously differ in wealth. The differences in wealth lead
to different responses to global shocks that drive risk premia and capital flows.

In particular, when the intermediary’s risk-taking capacity decreases and it sells risky as-
sets around the world, investors in rich countries retrench and support the prices of domestic
assets. Poor countries do not have enough wealth and hit the constraint that prevents them
from massively borrowing to replicate the response of rich countries with leverage. In their

markets, prices adjust instead of quantities and drop sharply. The falling interest rate reval-
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ues assets, appreciating those issued by rich countries, which effectively makes them good
substitutes for safe assets. The distributional impact is regressive, although rich countries
insure the poor ones.

I find that real shocks are as important as financial shocks for the model to capture
aggregate fluctuations in capital flows and asset prices. However, financial shocks are the
main driver of the relative performance of assets in rich countries compared to those in poor
ones. Asset prices in rich countries load negatively on the intermediary’s risk-taking capacity,

and this makes their wealth less volatile and less cyclical.
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APPENDIX A
APPENDIX TO "HETEROGENEOUS IMPACT OF THE
GLOBAL FINANCIAL CYCLE"

A.1 Two facts about capital flows

In this section, I establish the fact that outward flows from advanced economies are more
strongly correlated with global aggregates, and their cyclical components are more volatile.

“Outflows” are net purchases of foreign assets by domestic investors. “Inflows” are net
purchases of local assets by foreign investors. Both are “gross” flows, even though they can
be negative. They do not have to add up to zero across countries, in contrast to net flows.
I zoom in on outflows to focus on the role of domestic investors in shaping international
heterogeneity.

The main point this section makes is that private outflows from advanced economies are
more synchronized with the global financial cycle, both in terms of correlation and in terms
of magnitude. Investors from advanced economies time their retrenchment to downturns
more precisely and retrench more actively than those in emerging markets.

The data come from the Balance of Payments and International Investment Positions
statistics provided by the IMF. I supplement these with GDP data from the World Bank.
See Appendix A.1 for details. Following the detrending procedure from Forbes and Warnock

[2012a] and Forbes and Warnock [2021], I construct the following variables:

s=t s=t—4
fir=Y_ FAjs— Y FA, (A1)
s=t—3 s=t—7

Here t is a quarter, 7 is a country, and F'A;; records net purchases of foreign assets by
i. Forbes and Warnock [2012a] and Forbes and Warnock [2021] use similar measures to

detect extreme capital flow episodes such as stops, surges, flight, and retrenchment. The
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position-adjusted version is

_ R4, ST FA
fie=">_

s=t—3 Ai,s—l s=t—7 Ai,s—l

(A.2)

Here Aj; is the total stock of i’s external assets in quarter ¢t. Both F'A;; and A;; are measured
in dollars and exclude reserves and FDI. Of course, private outflows do not fully describe
adjustment to shocks, since countries regularly deploy reserves, often at a large scale. These
interventions and other operations not driven by profit maximization are beyond the scope
of my paper.

Note that F'A; ; is different from the total change in position A; ; — A; ;1 because the
latter includes valuation effects. The variables fj; and f;; are constructed to account for
trades, not price changes. Equation (A.1) calculates a de-trended and de-seasoned version
of changes in assets due to trades and equation (A.2) calculates percentage changes due to

trades.

— g gTegate outflows \
2 — — MSCIindex / \

L L L L L L L L L
Q4 2003 Q1 2006 Q22008 Q3 2010 Q4 2012 Q1 2015 Q2 2017 Q32019 Q4 2021

Figure A.1: Principal component ¢; of outflows f;; and quarterly returns on MSCI ACWI
smoothed over the four-quarter windows, both normalized to have zero mean and unit stan-
dard deviation.

To track the global cycle, I extract the principal component ¢¢, which I call the outflow
factor, from a balanced subpanel of f;; covering the last 20 years. I rescale all series in the
panel to have the same volatility so that ¢; is not mechanically driven by countries with the

largest flows.
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Figure A.1 shows ¢ with returns on MSCI ACWI, a global index of asset prices with
a broad international coverage. A large literature (see Miranda-Agrippino and Rey [2022]
for a review) documents co-movement between capital flows and measures of global risk
appetite. Outflows from countries that load more on ¢+ should be more aligned with these
measures and more closely follow the global cycle. These more exposed countries turn out
to be advanced economies.
Fact 1: outflows from advanced economies are more correlated with global fac-
tors. The principal component ¢; of capital outflows explains more variation in outflows f;;

from advanced economies than from emerging markets. I measure this by computing R? of

fit = a; + Bior + 44

Figure A.2 shows results for individual countries in the sample. The average over advanced
economies is 26% and that over emerging markets is 10%. Outflows from advanced economies

are more tightly connected to global factors than those from emerging markets.

0.6 I emerging markets
I advanced economies

Figure A.2: Share of time-series variation in f;; explained by ¢; for a given country 1.

This means that outflows from advanced economies co-move with measures or risk ap-
petites more closely since they are more tightly connected to ¢;. Table A.1 confirms this
by showing correlations between within-group averages and time series associated with the
global financial cycle.

Here the variables ftAE and 724 E average f;; and f;; over advanced economies, while ftEM
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Table A.1: Correlation between aggregate series and averages { ftAE ,T?E, ftEM ,?E M}

AE M FAE SEM
i ¢ i i

outflow factor ¢; 0.95 024 0.86 0.29
VIX (negative) 0.36 020 0.38 0.15
asset price factor, Miranda-Agrippino and Rey [2020] 0.42 046 0.32 0.04
intermediary factor, He et al. [2017] 0.24 0.01 0.21 -0.16
treasury basis, Jiang et al. [2021] 0.27 0.03 0.27 0.00

and ftEM average outflows from emerging markets. The asset price factor from Miranda-
Agrippino and Rey [2020] is a dominant component that they extract from 858 series of
risky asset prices around the world. The intermediary factor from He et al. [2017] traces the
capital ratios of financial intermediaries, is highly cyclical, and explains variation in expected
returns on large classes of assets. The treasury basis from Jiang et al. [2021] is a measure
of convenience yield on short-term US treasury bonds that rises with demand for these safe
assets.

The differences in correlations between advanced economies and emerging markets are
noticeable in most cases and particularly salient when flows are measured relative to out-
standing positions (the highlighted column). Outflows from advanced economies are more
strongly synchronized with measures of global risk appetites. I next show that they are
larger in magnitude.

Fact 2: cyclical component of outflows relative to outstanding positions is more
volatile in advanced economies. Measuring magnitudes requires an adjustment for size.
Flows relative to outstanding positions f;; is a natural candidate. They show how much of
their aggregate portfolio investors move during the cycle. To extract the cyclical component,

I measure the group-specific loadings of f;; on the dominant component in outward flows

O

fit = o +y6¢ + B1{i € AE}ot + e
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The coefficient 8 measures the difference between the loadings of position-adjusted flows on
the dominant factor between advanced economies and emerging markets. Table A.2 shows
that the loadings are larger in advanced economies. The quantitative interpretation is that
investors from advanced economies repatriate 2.5% more of their external assets when the

dominant component ¢; is one standard deviation down.

Table A.2: the dependent variable f;; is expressed as percentage.

o 1.290
(0.433)
1{i € AE}¢r 2.523
(0.483)

R? =0.04, N = 5965

Fact 1 shows that investors in advanced economies time their purchases of foreign assets
to the global financial cycle. Fact 2 now additionally shows that they rebalance portfolios
more actively, as measured by flows relative to outstanding positions. The same applies to
busts: advanced economies retrench in crises and do it more actively than emerging markets.

Figure A.3 summarizes the patterns of synchronization in the two groups. Solid lines
show the average components 724E and 7tEM This cross-sectional dispersion for every t
is shown by the shaded area. Position-adjusted outflows in advanced economies follow the
outflow factor more closely on average and are less dispersed around it. Outflows are overall
more volatile in emerging markets, but this is because idiosyncratic variation dominates. The
average component in advanced economies is more volatile than that in emerging markets.
I show this with a variance decomposition in Appendix A.2.

Appendix A.2 also shows that these results are stronger for GDP-adjusted flows. The
reason is that advanced economies have more external assets relative to GDP, so flows as
a share of GDP are more volatile in both aggregate and idiosyncratic components. Flows
relative to positions are more informative because they quantify investor activity relative to
their wealth. The fact that wealth is not equally comparable with output in all economies
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Figure A.3: Aggregate outflows from advanced economies and emerging markets relative to
external assets. Black line: outflow factor ¢¢, rescaled for illustration. Solid line and shaded
areas show cross-sectional averages and standard deviations of f;; for each quarter ¢.

speaks to the economics of long-run asset accumulation. The fact that investors in advanced
economies, on aggregate, move larger shares of their portfolio with the global financial cycle,
is instead more informative about their demand for risky assets and the distribution of

short-run demand elasticities. These observations motivate the model.
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A.2 Additional details for empirical facts

I use IMF data on assets and liabilities from the International Investment Position dataset

and financial accounts from the Balance of Payments dataset. I combine “portfolio invest-

ment” (both debt and equity) with “other investment”, which contains bank loans. The GDP

data come from the World Bank.
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Figure A.4: Number of countries in the sample. Left: acquisition of external assets and
incurrence of external liabilities. Center: acquisition of assets and incurrence of liabilities
relative to assets and liabilities outstanding. Right: acquisition of assets and incurrence of
liabilities to GDP.

The panels are highly unbalanced. Figure A.4 shows the time-varying size of the cross-

section. To extract the outflow factor, I choose the time period from 2001 Q3 to 2022 Q3.

The country groups for this exercise are:

e advanced economies: Australia, Canada, Croatia, Czechia, Denmark, Estonia, Finland,

France, Germany, Greece, Hong Kong, Iceland, Israel, Italy, Japan, Korea, Latvia,

Lithuania, Netherlands, Norway, Portugal, Singapore, Slovak Rep., Slovenia, Spain,

Sweden, Switzerland, United Kingdom

e emerging markets: Argentina, Armenia, Bangladesh, Belarus, Bolivia, Brazil, Bulgaria,

Cambodia, Chile, Colombia, Costa Rica, Ecuador, El Salvador, Georgia, Guatemala,

Hungary, India, Indonesia, Kazakhstan, Kyrgyz Rep., Mexico, Moldova, Namibia,
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North Macedonia, Pakistan, Peru, Philippines, Romania, South Africa, Thailand,

THrkiye, Ukraine

I designate the United States, Cyprus, and Malta, who are also available, as offshores.

In addition to the measures of outflows fi; and f;; defined in the main text, I define a

GDP-adjusted measure L *

s=t—4

_zt Z GDP Z GDP (A.3)

s=t—3 s=t—7

I interpolate GDP from annual data linearly. Table A.3 supplements Table A.1 with the

same correlations computed for L{UE and L?M .
Table A.3: Correlation between aggregate series and { ftA E,?tA E’ i AE’ 7?EM / f M}
—AE —EM
Al ks
outflow factor ¢ 095 024 0.86 029 090 0.62
VIX (negative) 036 0.20 0.38 0.15 040 0.30
prices, Miranda-Agrippino and Rey [2020] 0.42 0.46 0.32 0.04 049 0.29
intermediary factor, He et al. [2017] 024 001 0.21 -0.16 0.27 0.24
treasury basis, Jiang et al. [2021] 0.27 0.03 0.27 0.00 0.28 0.16

The ordering of correlations for this measure is similar to those for f;; and f;;.

A.2.1 Ezxtracting factors

The balanced panel includes N = 70 countries and contains 7' = 79 quarters. The model is

f=FA+e (A4)

Here f is a T' x N matrix collecting cross-sections as rows, f;; = fj;. The matrix F'is T' x r,
where r is the number of factors. The matrix A is » x N and contains factor loadings. Error

terms are in the 7" x N matrix e.
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[ extract the principal component following Doz et al. [2012]. The estimate S of the

variance-covariance matrix is

1,
S=f'f (A.5)

This matrix is N x N. I denote by D the diagonal r x r matrix collecting r of its largest
eigenvalues, and by W the N X r matrix collecting the corresponding eigenvectors as columns.
The first r estimated components (the first denoted by ¢) comprise the columns of the T x r

matrix F

F=fwp1/2 (A.6)

Table A.1 shows correlations between the averages { ftAE , ftE M thE, 7? M} and time series

measuring the global risk-taking capacity. Table A.3 adds correlations for { L’;‘E , ifM |
download the quarterly VIX from the FRED website. It is available until Q4 2022. The asset
price factor from Miranda-Agrippino et al. [2020] is available until Q4 2018, the intermediary
factor from He et al. [2017] until Q4 2022, and the treasury basis from Jiang et al. [2021]
until Q2 2017. The starting date for all these series, except ¢y, is Q1 1990. My particular
vintage of ¢4 starts in Q3 2001, giving the sample about 20 years.

This sample does not have to be balanced and uses more countries. The groups are

e Advanced economies: Australia, Austria, Belgium, Canada, Croatia, Czechia, Den-
mark, Estonia, Finland, France, Germany, Greece, Hong Kong, Iceland, Israel, Italy,
Japan, Korea, Latvia, Lithuania, Netherlands, New Zealand, Norway, Portugal, Sin-

gapore, Slovak Rep., Slovenia, Spain, Sweden, Switzerland, United Kingdom

e Emerging markets: Afghanistan, Albania, Angola, Argentina, Armenia, Aruba, Azer-
baijan, Bahamas, Bangladesh, Belarus, Belize, Bhutan, Bolivia, Bosnia and Herze-

govina, Brazil, Brunei, Bulgaria, Cabo Verde, Cambodia, Cameroon, Chile, China,
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Colombia, Congo, Costa Rica, Curagao and Sint Maarten, Djibouti, Dominican Rep.,
Ecuador, Egypt, El Salvador, Ethiopia, Fiji, Georgia, Guatemala, Guinea, Guyana,
Haiti, Honduras, Hungary, India, Indonesia, Iraq, Jamaica, Jordan, Kazakhstan, Kiri-
bati, Kosovo, Kuwait, Kyrgyz Rep., Laos, Lebanon, Lesotho, Madagascar, Malaysia,
Mauritania, Mauritius, Mexico, Moldova, Mongolia, Montenegro, Morocco, Mozam-
bique, Myanmar, Namibia, Nepal, Nicaragua, Nigeria, North Macedonia, Pakistan,
Papua New Guinea, Paraguay, Peru, Philippines, Poland, Qatar, Romania, Russia,
Rwanda, Samoa, Saudi Arabia, Serbia, Sint Maarten, Solomon Islands, South Africa,
Sri Lanka, Sudan, Suriname, Sao Tomé and Principe, Tajikistan, Tanzania, Thailand,
Tonga, Trinidad and Tobago, Tiirkiye, Uganda, Ukraine, Uruguay, Uzbekistan, Vanu-

atu, Venezuela, Vietnam, West Bank and Gaza, Yemen, Zambia, Zimbabwe

e Offshores: Bahrain, Bermuda, Cyprus, Ireland, Luxembourg, Malta, Panama, Sey-

chelles, Timor-Leste, United States

Having extracted the factor, I run the following specification in the main text:

fit = i + 70 + B1{i € AE}¢y + &4 (A7)

An alternative, less flexible specification shuts down country-specific intercepts:

fit = a+¢r+ BL{i € AE}¢y + ¢4 (A.8)

This removes country fixed effects. Alternatively, I can make the specification more flexible

by replacing y¢; with quarter-specific intercepts:

fit=a+y+BL{i € AE}oy + ey (A.9)

This adds time fixed effects. Table A.4 shows that the results are very similar across speci-

73



fications. The central column corresponds to the baseline from the main text.

Table A.4: the dependent variable f;; is expressed as percentage.

bt 1.301 1.290
(0.448)  (0.433)
1{i € AE}¢y 2510  2.523  2.423

(0.492)  (0.483)  (0.508)

R? 0.02 0.04 0.05
country FE NO YES YES
time FE NO NO YES

N = 5965 across all specifications

A.2.2  Variance decomposition

The variance of these size-adjusted flows can be decomposed into time-series dispersion of

the averages f; or f ; and cross-sectional dispersion around these averages. Taking f,

V[Fil = VIE[Fls = ]+ E[V[Fisls = 1] (A.10)
agg;&gate idios;nrcratic

Table A.5: Decomposition of total variance of f;; within advanced economies and emerging
markets. The sample spans Q1 2003 through Q4 2022 and contains 28 AE and 47 EM on
average.

std of f;; total variance aggregate idiosyncratic
advanced economies 0.10 0.0107 0.0020 0.0087
emerging markets 0.21 0.0456 0.0012 0.0444

Table A.5 shows this decomposition conditional on advanced economies and emerging
markets. Importantly, the aggregate component is larger in advanced economies. Not only
are the average outflows from advanced economies more tightly connected to aggregates, but
they are also more volatile.

Table A.6 is the analog of Table A.5 for flows adjusted by GDP. The differences between

advanced economies and emerging markets are so much more pronounced because advanced
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Table A.6: Decomposition of variance in f,, between advanced economies and emerging
markets.

std of f;; total variance aggregate idiosyncratic
advanced economies 0.17 0.0297 0.0060 0.0237
emerging markets 0.05 0.0026 0.0001 0.0025

economies have more external assets relative to GDP. Figure A.5 shows the ratio between
average assets over GDP in advanced economies and emerging markets, ifE / ifM . It also
shows the same ratio for liabilities over GDP. Advanced economies accumulate more assets
relative to the size of their economies, so it is not particularly surprising that purchases and

sales of foreign assets adjusted for output are larger in magnitude in these countries.
10 r

8

4 r A/\M
2 r . 3
ratio of assets to GDP

ratio of liabilities to GDP
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Figure A.5: Ratio of average assets-to-GDP and liabilities-to-GDP in advanced economies
and emerging markets.

The synchronization of GDP-adjusted measures of flow with the global flows is also more
pronounced in advanced economies. Figure A.6 shows the analog of Figure A.3 for L’;lE and
Lj?M . Emerging markets look even less synchronized with the global capital flows than on
Figure A.3 since ¢; on these pictures is normalized to have a standard deviation that is the
average of that of f fE and itEM , and these two are substantially different. Using position-
adjusted flows, as I do in Appendix A.1, is more informative because they are commensurate
in size across advanced and emerging economies and because they capture the intensity
of trading relative to wealth, which has a very different relationship to output in different

countries.
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Figure A.6: Aggregate outflows from advanced economies and emerging markets as a per-
centage of GDP. Black line: outflow factor ¢; normalized to have the average standard
deviation between iﬁE and iZEtM . Error bands show cross-sectional standard deviations of

fir in the two groups for each quarter .

Figure A.7 presents the time series of cross-sectional size for advanced economies and
emerging markets. Advanced economies dominate the sample of position-adjusted outflows
before 2008, but the groups are of comparable size. After 2008, emerging markets overtake
advanced economies, outnumbering them by slightly more than two times at the peak. The
idiosyncratic component of the total variance in the emerging market panel is five times
larger. In the sample of outflows normalized by GDP, they always outnumber advanced

economies by 2-2.5 times, and the idiosyncratic component of the total variance is 9 times

smaller.
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Figure A.7: Number of countries in the sample for the two groups: advanced economies and
emerging markets. Left: the panel of outflows normalized by positions. Right: the panel of
outflows normalized by GDP.
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A.3 Details of the simple model

In this section, I explain the properties of the steady state in the simple model that appear
in the text of Section 1.2.
Holdings. I start by deriving the equilibrium expressions for A(w) and 6(w). First, from

the optimal choice of agents,

0(w) = :}i%é (A.11)
O(w) = ’y:]i—(g)é (A.12)

Using the fact that p(w)h(w) = 6(w)w and p(w)h(w) = 6(w), the market clearing condition

h(w) + h(w) = 1 can be transformed into

p(w) = O(w)w + 0(w)w (A.13)
Using the fact that 6(w) = (w),
p(w)
= A14
b(w) = (A14)
From this,
w
= Al
hw) = (A15)

Wealth dynamics. I next derive the drift and volatility of regular country wealth. The

definitions of juy(w), ow(w), pp(w), and op(w) are

dw = py(w)dt + oy (w)dZdp = pp(w)dt 4+ op(w)dZ (A.16)
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Here dZ is the increment of the country-specific dividend shock. The budget constraint of a

regular country is

dw = (r — Nwdt 4+ Mivdt — c(w)dt + 0(w)w|pg(w)dt + o p(w)dZ] (A.17)
From this,
- B op(w)+o  w
ow(w) = 8(w)wog(w) = O(w)w pp(ﬂ)) = %D(ap(w) +0) (A.18)

Here I used the fact that op(w) = (op(w) + 0)/p(w) and equation (A.14) for O(w).
By Ito’s lemma, op(w) = p'(w)ow(w), so
w

ow(w) = w+7w(p/(w)0w(w) +o0) =

ow
w +yw — p'(w)w

(A.19)

The volatility of wealth originates in the dividend volatility and is amplified through prices:
when a dividend shock hits wealth, it transmits to prices in equilibrium and feeds back into

wealth. To see this intuitively, rewrite the above expression as

B . w + yw
ow(w) = oh(w) W — e (A.20)
Now turning to pu,(w),
(1) = (r — p— Nw + 3 + wh(w)pu(w)
= (r—p—Nw+ M+ wl(w)?or(w)?
~ 2
= (r—p—Nw+ b+ 7w (w) (A.21)

w

Here I used the fact that consumption is ¢(w) = pw and in optimum.
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Properties. Taking the market clearing condition again,

p(w)og(w)? (A.22)

pr(w) = ——

Plugging pug(w) = (up(w) +v)/p(w) —r and og(w) = (op(w) + o) /p(w),

(op(w) +0)?

—_— pr— A.-23
pplw) + v = () = 2L (4.23)
Using It6’s lemma,
/ ow(w)* (ow(w)p' (w) + 0)?

— — = A.24
pao (W) (w) + =" (w) + v = rp(w) " (A.24)

Plugging the formula for oy, (w) into the right-hand side and rearranging,

‘72(“}"‘7“7) / Uw(w)2 "
rp(w) = v — — 5 + pw(w)p' (w) + ———p" (w) (A.25)
(w + 7 — ' (w)w) 2

This is the differential equation that p(w) has to satisfy. I work with equilibria in which
prices are non-explosive, meaning p(w) has a constant limit as w — oco. In such equilibria,
P/ (w) = 0 as w — 00, and pyy(w) and oy (w) have the following properties.

First, oy (w) — 0 as w — oo. The volatility of wealth does not scale with its size as a
country grows rich. Large portfolios have relatively little risk. Second, from this, it follows
that py(w)/w — r—p— A Drift in wealth does scale with its size. If r < p, large portfolios
are simply consumed away, with A adding some wealth drain through emigration. Plugging
this into equation (A.25), taking the limit of both sides as w — oo, and using the fact that
p'(w) and p”(w) both converge to zero,

r lim p(w)=v+(r—p—2A\) lim p'(w)w (A.26)

w—00 w—r00
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Since the limit of p(w) exists by assumption, that of p/(w)w exists too. But if it exists,

it must be zero. Otherwise, p/(w)w is bounded away from zero for all w > w for some

w, which means |p/(w)| can be bounded from below by §/w for some § > 0, and hence

Ip(w)| > d(log(w) — log(w)) + |p(w)]|, which contradicts p(w) having a limit as w — oo.
The upshot is that

lim p(w) = ; (A.27)

w—00

Asset prices converge to fair value as wealth goes to infinity, and the risk premium vanishes.
Risky assets in rich countries are priced almost as the special country’s tree.
Balance of payments. There is trade in goods and assets in this economy. Components

of the payment balance have the following form:

trade balance = vdt + odZ — pwdt (A.28)

factor payments = rb(w)dt — vh(w)dt (A.29)
transfers = AMbdt — Mwdt (A.30)

current account balance = trade balance + factor payments + transfers (A.31)

Trade balance is equal to net exports, which is everything a country produces in excess of its
consumption. Factor payment balance is receipts (interest payments on intermediary’s debt)
less dividends sent abroad. Transfers account for the migration of wealth. Taken together,
these three variables constitute the current account.

It is clear that rich countries run trade deficits and poor countries run trade surpluses.

The difference is due to consumption. The factor payment balance can be rewritten as

factor payments = rwdt — vdt — odZ + h(w)(v — rp(w))dt (A.32)
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In rich countries, interest payments from abroad dominate as a source of factor income. They
scale with wealth, while the rest converges to a constant. In poor countries, factor payments
converge to —(vdt + odZ), the dividends sent abroad. This article balances their positive
net exports.

Taking all three articles together, the current account balance can be rewritten as
current account balance = (r — p — Nwdt + Mbdt + h(w)(vdt + odZ — rp(w)dt) (A.33)

Rich countries run current account deficits that scale with wealth approximately as (r — p —
Mwdt. Poor countries run surpluses, which in the limit of w — 0 converge to Midt, the
wealth immigration.

The net foreign asset position of a country is
N(w) = b(w) = p(w)h(w) = w — p(w) (A.34)
The dynamic evolution in N(w) is

AN (w) = dw — dp(w) = (r — p — Nwdt + Aivdt + (dp(w) + vdt + ¢dZ)h(w) — dp(w)

~

= current account balance — h(w)dp(w) (A.35)

Net foreign assets rise as a result of current account surplus or due to valuation adjustments.
Since this integrates to zero in the steady state, the current account of all regular countries

as a whole against the special country is

total current account balance = {/ iz(w),up(w)dG(w) dt (A.36)
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In my calibration, this is positive. The drift in prices integrates to zero,

/up(w)dG(w) =0 (A.37)

It is not monotone as a function, but the sign only changes once: py(w) is positive for small

w and negative for large w. Since h(w) is a decreasing positive function,

/ () () dG () > 0 (A.38)

The special country thus runs a current account deficit against regular countries. Since
the current account is equal to the negative of the financial account, it equivalently runs a
financial account surplus. What allows the special country to run a current account deficit is
its trading profits: it chooses positions ﬁ(w) that skew toward growing countries with positive
drift in prices. As countries churn in the wealth distribution, the intermediary makes capital

gains on average and realizes them through trading.
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A.4 Details of portfolio choice

In this section, I derive the portfolio choice of the agents and characterize their value func-
tions. This setup features wealth migration between countries. Appendix A.5 shows a
specification with discount rates that vary with wealth instead.

Regular country savers. I start with the savers from regular countries. The evolution of

an individual saver’s w;; given her country’s aggregate wealth w;; is

dw;y = (rtwit — Cit)dt + O pwipd Ry + Yt | S\Z@tdt _ Y )\witdt (A.39)
Wit Wit

Here ¢;; is consumption, and the first term in equation (A.39) represents the consumption-
savings trade-off. The second term represents returns on the domestic tree, where 6;; is its
portfolio share that the saver chooses. She still operates under a portfolio constraint 6;; < 6.

The last two terms represent exogenous migration in and out of regular countries. The
third term in equation (A.39) represents wealth immigration from the special country. Savers
in that country die with intensity A, and their money is sent to one of the regular countries,
where it is shared between the local savers in proportion to net worth. The destination
country is chosen uniformly, so each country i has an influx of wealth Mivydt, where 1y is the
special country’s wealth. In ¢, each saver gets a share w;;/w;; of this transfer.

Finally, the fourth term represents emigration to the special country. In regular countries,
savers die with an intensity A, and their wealth is sent to the special country. The total
outflow of money from 7 is \w;;dt. New savers are born instead. They start with zero wealth
and instantly get transferred a portion of everyone’s savings so that everyone within the
country has the same net worth. This redistribution from continuing savers is in proportion
to their w;;. Hence, conditional on continuing, they always make flow payments \w;;dt to

the newborns.
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The sequence problem of the saver in the country i is

o0
Vit = max [Ey {p/ eP(t=s) log(c;s)ds (A.40)
t

(cis 79i8)82t

subject to equation (A.39) and 6;; < 6. Savers choose consumption rate and the portfolio
share allocated to risky assets. They take the interest rate r¢, tree price p;+, and aggregate
net worth w;; as given. The discount rate p is constant.

Since everyone has the same w;;, in equilibrium w;; = w;;, and the evolution of the total

wealth in country ¢ is
dwip = (rewie — cig)dt + Owigd Ryy + (b — Awy)dt

The proposition below characterizes the solution to their problem in equation (A.40).

PROPOSITION 2.  Given the time paths of the global interest rate r¢, the special country’s

i)

wealth Wy, and the drift and volatility of the excess return process (uﬁ, ok

Vit = log(pw;t) + k(wjt, t) (A.41)
where k(w;,t) satisfies a partial differential equation. Consumption and portfolio choice are

Cit = pWit (A.42)
R
1t

a E } (A.43)

R
(0

0;+ = min {5,

Proof of Proposition 2. Since there is no aggregate uncertainty, state variables for a

saver in country ¢ are her own wealth w;;, aggregate wealth of her country wj;, and time ¢.
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Dropping the subscript ¢, define the drift and volatility of w;; and w;;:

dw = py(w, w, t; ¢, 0)dt + oy (w, w, t;0)dZ (A.45)

The saver correctly assesses the functions pu,(w,t) and oy (w,t) but does not internalize
the effect of her choices on w. The drift and volatility of individual wealth depend on
consumption and portfolio choice (c, 6):

w(t)

Mw(&a w, t; ¢, 9) = r(t)w —Cc+ HILLR(M? t)w tw (3\7

- )\) (A.46)

ow(w,w,t;0) = op(w, t)w (A.47)

Here the dependence on time comes from the drift and volatility of returns pp(w,t) and
op(w,t) as well as the global interest rate r(t) and the net worth of the special country w(t).

The HJB equation for the saver’s value V(w, w,t) is, suppressing the arguments,

t;0)
pV — 0V = max plog(c) + pu(w, w, t; ¢, 0)0wV + J“’@’;”’ :9)
c,0<60

(w,1)?

+ pw(w, )9V + 7 T 0wV + o ow(w w00V (A48)

Now guess that the value function V(w, w,t) has the following form:

V(w,w,t) =log(pw) + k(w, t) (A.49)
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Plugging this into equation (A.48),

. . 0\2
plog(ow) + pi(w, 1) — dew(uw, t) = mex plog(c) + 2l ®1160) _ culw,w.b:0)

¢,0<0 w Qw2
¢ 2
+ pi(w, ) Ok (w, ) + %awwm@, ) (A.50)

Notice that the cross-derivative term drops out. Now using the functional forms for the drift
and volatility p,(w,w,t;c,0) and oy (w,w,t;0) from equation (A.46) and equation (A.47),

the optimal choices are

= pw (A.51)

0* = min {%,5} (A.52)

This shows that savers consume a constant fraction of their wealth and choose a mean-
variance portfolio whenever they can.

To get the partial differential equation that describes k(w, t), use the consistency require-
ment w = w, which also implies iy (w,t) = pw(w, w, t;c*, 6%) and oy (w, t) = ow(w, w, t;0%).
Plugging this into equation (A.51) and equation (A.50),

w, t)?

) O-w(wat)Q
2

2

pr(w, t) — Ok (w, t) = #w(;u’t) — Uwéw

+ o (w, )0y r(w, t) + Owwr(w, t)

(A.53)

Boundary conditions for this equation depend on the properties of loadings pup(w,t) and

or(w,t). Plugging the optimal choice of controls in equation (A.51) and equation (A.52),

fw(w, t) = (r(t) — p — N)w + Aid(t) + min {%,5} pr(w, t)w (A.54)
ow(w,t) = min {%,5} or(w, t)w (A.55)
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At w = 0, the drift of wealth is not equal to zero. This property helps avoid w = 0 being an
absorbing state. However, r(w, t) might diverge around small w. Assuming that pup(w,t) is
bounded, the limiting behavior of x(w,t) around w = 0 is

K(z,t)
im
z—0 log(x)

— 1 (A.56)
Assuming that pup(w,t)/or(w,t) approaches zero as w — o0,

lim pk(z,t) — Ok(z,t) =7(t) —p— A (A.57)

T—00

The last remaining piece is a suitable initial or terminal condition. In practice, I will use the
steady-state value of k(w,t) as the limiting terminal condition at infinity. Assuming that
pugr(w,t) is bounded and pgr(w,t)/op(w,t) — 0 as w — oo, this completes the character-
ization of k(w,t) given the general equilibrium objects r(t), w(t), ur(w,t), and or(w,t).

O

Intermediaries. [ next describe the special country. The individual net worth w; of an

intermediary, who is also a saver in the special country, evolves as

diy = (rey — ¢)dt + Z éitwthit + étﬁ]td}?t + % - Awedt — & . S\Qtdt (A.58)

w
: wy t

Consumption is ¢; and @y is the special country’s aggregate wealth. The second and third
terms are excess returns on trees in regular countries and at home. Positions (éit, 9}) are
akin to 6;; in the regular country’s problem. Portfolios with a continuum of idiosyncratic
returns require special care, so I write the total return as a sum without specifying its type.
Below, I work out this problem for a finite number of countries and then let the number of
countries grow to infinity.

The last two terms are the mirror image of wealth migration terms in equation (1.1): there
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is an inflow of \wdt, where wy = fol w;di is the aggregate wealth of the regular countries,
and an outflow of ;\@tdt. Again, as in regular countries, newborn savers immediately receive
transfers from everyone else so that everyone’s wealth is the same.

The individual wealth w; of the special country savers aggregates into w; evolving as
didy = (ryidy — ¢4)dt + ZZ_ Ot d Ry + Opibpd Ry + (Mwy — My )dt (A.59)

Taking into account drift corrections, the evolution of an individual intermediary’s net worth

can be rewritten as

. S A ~ s s W =
dw = (Ttwt — Ct)dt -+ Zz eitwt((ﬂﬁ — Uﬁfit)dt -+ UﬁdZit) + O d Ry + ﬁJZ ()\wt — )\wt)dt

(A.60)

The problem of an individual intermediary is

Vi = max inf EtQ
{657957f5}32t QGQ

% ps—t) L[ 5s—t)2
p P Dogeds + 5 [ 0503 ntwi)ams

t 7

(A.61)

subject to equation (A.60). Note a constant discount rate p.

PROPOSITION 3. Fiz the number of reqular countries at n. Given the path of the global
interest rate ry and the vector xy of aggregate wealth in every country including Wy, the value

function of an individual special country saver is
V") = log(pir) + & (a1, 1) (A.62)

The function k¢ solves a first-order ordinary differential equation. The choice of portfolio
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weights and drift correction for each country i is

i) Am(wie) s A 63

Tt = T3 5 m(wn) (ofhy2 (4.63)
R

L gmer LM (A64)

Fen(wig) % 14+ Am(wit) ol

Proof of Proposition 3. Fix the number of regular countries n. The state variables of
the global bank are its wealth w, a vector x that combines aggregate special country wealth
w and all other (w;), and time ¢ that summarizes all other variables. The evolution of

individual wealth w is

dib = (rpy — é)dt + Y Oty (1l — off i) dt + ofdZyy) + Opind Ry (A.65)

7

+ 2 Oyt — Aioy)dt
Wy

Combine all (dZit) into a vector dZ;. Aggregate vector = evolves as
dr = pg(x, t)dt + oy (x,t)dZy (A.66)

The HJB equation for V(lf), x,t) is, suppressing arguments,

R R (¢ A A R
pV — 9V = max min plog(é) + 20 > n(wi)&F + g (i, 2, 86,0, (0;,))05V
4 N (& 2 4
6707(91) (61) 7
R N t: é 2
_|_ “x($’t)/amv + Uw(w’xé 7( Z))

+ 0 (0, 3,5 (0;)) 0V (A.67)

1
OV + §tr(ax(x, t)'(?xx/Vax (x,1))
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Here the drift and variance of @ conditional on controls ¢, 6, (6;), and (§;) are

M’l[)(waxat;éaév (élvfl)) = (T(t) - 5\ + w) w—c

dt
+ XZ: Wl (uly — &off) + %Aw (A.68)
(W, 2,8 (0;))2 = 0?62 (cff)? (A.69)
T (W, 2,85 (07)) = oy (w, t)v(x, t, (6;)) (A.70)

The vector v(z,t, (6;)) in equation (A.70) collects the products (élaﬁ)

The solution for the weight on the special country’s tree 0 will only be finite if [E; [d}?t] =0.
I assume that this is the case. The optimal weight 6* is not determined and does not affect
the value of the objective, so I will omit it from the notation for g (w,x,t;¢, 0, (92,52‘))
below.

The expressions for variance of dw and co-variance of dw and dx per unit of time in
equation (A.69) and equation (A.70) use independence between dZ;.

Solving the minimization problem over (&;),

. 1 . .
¢ O YR Ve A.T1
LA (w) Yo (A.71)

Plugging this into equation (A.68),

~ ~

,uw(wa $,t; 67 (9275:)) = (T'(t) - )\)’UA} —c

A . (wolt)? 49 w(t), .
+ Wl — 0, V. 2| 4 T N A.72
Z( it = VS Gt ) ) A
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The problem in equation (A.67) is now

PR o (0aV)? G (o)’
pV — 0;V = max plog(¢) + — !
&,(0;) ) 25(1) ZZ: n(wit)

~

02 + g (i, .58, (0;,€)) 0V

7

R N (02 R 1
+ pz(z, 1) 0,V + % ,:c2t, (6:)) OpaV + §tr(ax(:v, ) 0yt Vg, t))

A

+ 0 (0, 2, 15 (8;)) DV (A.73)

Plugging equation (A.72) and equation (A.69) into this,

P o g (0a0)? (0
V — 0V = max plog(¢c) — ¢0;V + 0,V wRG-—<“j it/ p:
g a6 pLoEle) = O ‘ ; T T3 2 n(wit) "
o w®)Y o o 02l
+ <T(t) — A+ )\m> wﬁwv +w ; L 22 awwv

- 1 "
+ pg(z, t)’(’)xV + étr(ax(x, t)/am/VUx(ZU, 1) + ope (W, x, t; (92))/81@:5‘/ (A.74)
Guess that the value function V (i, t) has the following form
V(, x,t) = log(pw) + &(x, t) (A.75)

This immediately leads to the optimal choice of consumption:

¢t = pw (A.76)

Replacing this in equation (A.74),
R\2 R\2
. . R (056)" 0 (034)" 0 .5, Aw(t)
pR(x,t) — Orik(z,t) = max Wil — —————607 — 07 | +7r(t) —p— A+ —
() — k0 =i Z(’f B2 )0 ()
1
+ pz (2, 1) Opii(z,t) + §tr(ax(x, ) 0pprfi(, t)og(, 1)) (A.77)
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The optimal choice of portfolio weights (6;) is

Aty pf
= T Ot R A

This leads to the following expression for the optimal drift correction:

S S (A.79)
b gOn(wi) of
The differential equation for £(t) becomes
2
. PR & (0 U I WL 5 )
pR(x,t) — Opk(w,t) = = — | B +r{t)—p— A+ —
1) = O = 5 2 S W) \ o) T (0
(A.80)

1
-HmWJW%M%ﬂ+§H®A%®@m%@JMA%U)

The last remaining piece is a suitable initial or terminal condition. In practice, I will use the

steady-state value of & as the terminal limit at t — oo. [J
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A.5 Portfolio choice with time-varying discounting

In this section, I derive the portfolio choice of the agents and characterize their value functions
under a specification without wealth migration and with subjective discount rates that vary
with wealth. The main takeaway from this exercise is that portfolio choice and aggregate
consumption are the same as in the baseline.

Regular country savers. I start with the savers from regular countries. The proposition
below characterizes the solution to their problem in equation (A.40).

PROPOSITION 4.  Given the time paths of the global interest rate r¢, the special country’s

wealth wy, and the drift and volatility of the excess return process (uﬁ, aﬁ),

Vit = log(0itwit) + r(wy, t) (A.81)
where k(w;,t) satisfies a partial differential equation. Consumption and portfolio choice are

Cit = 0itW;t (A.82)

R
Hit

(aﬁ)Q } (A.83)

0;+ = min {5,

Proof of Proposition 4. Since there is no aggregate uncertainty, state variables for a
saver in country ¢ are her own wealth w;;, aggregate wealth of her country w;;, and time ¢.

Dropping the subscript ¢, define the drift and volatility of w;; and w;;:

dw = py(w, w, t; ¢, 0)dt + oy (w, w, t;0)dZ (A.84)

dw = puy(w, t)dt + ow(w, t)dZ (A.85)

The saver correctly assesses the functions i, (w,t) and oy (w,t) but does not internalize
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the effect of her choices on w. The drift and volatility of individual wealth depend on

consumption and portfolio choice (c, 6):

p(w, w, t;¢,0) = r(t)w — c+ Oup(w, tHw (A.86)

Here the dependence on time comes from the global interest rate r(t), the net worth of the
special country w(t), and time-dependent terms ,uR(Q, t) and UR(Q, t). The HIJB equation

for the saver’s value V (w, w,t) is, suppressing the arguments,

t,0)>
oV — 0V = max plog(c) + pw(w,w, t;c,0)0,V + Tw(w,w t0) OwwV

c,0<0 2

t 2
+ pp (w0, )0V + %

OwwV + ow(w, )ow(w, w, t;0)0wwV  (A.88)
Now guess that the value function V(w, w,t) has the following form:

V(w, w,t) = log(w) + log(o(w, 1)) + k(w, t) (A.89)
Plugging this into equation (A.88) and suppressing arguments of o(w,t) again,

tic,0 t;0)?
QlOg(Qw) + Q/ﬁ?(&, t) - atl‘i(w, t) — max QlOg(C) + Nw(w,w, G, ) . Uw(ﬂ;wa ) )

,0<0 w 202
t 2
+ piw (w, 1) Oy k(w, t) + #&wwn(g, t) (A.90)

Notice that the cross-derivative term drops out. Now using the functional forms for the drift

and violatility p(w,w,t;c,0) and oy (w, w, t; 0) from equation (A.86) and equation (A.87),
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the optimal choices are

" = o(w, t)w (A.91)
* _ min NR(M) t) 7
o= min { B0 (4.82)

This shows that savers consume a constant fraction of their wealth and choose a mean-
variance portfolio whenever they can.

To get the partial differential equation that describes r(w, t), use the consistency require-
ment w = w, which also implies py(w,t) = pw(w, w, t;c*, %) and oy (w, t) = ow(w, w, t; 0%).

Plugging this into equation (A.91) and equation (A.90),

or(w, t) — Or(w,t) = - + pw (W, ) Owk(w, t)
T i, 1) (A.98)
Boundary conditions for this equation in general depend on the properties of loadings

pr(w,t) and op(w,t). Plugging the optimal choice of controls and the functional form

of o(w, ) in equation (A.91) and equation (A.92),

_ 3 . MR(M, t) 7
prw(w, t) = (r(t) — p — A)w + Aw(t) + min {W, 9} pr(w, t)w (A.94)
= min —HJR(M> 3 op(w, t)w

At w = 0, the drift of wealth is not equal to zero. This property helps avoid w = 0 being an
absorbing state. However, x(w, t) might diverge around small w. Assuming that pup(w,t) is
bounded, the limiting behavior of x(w,t) around w = 0 is

k(z,t)
im
z—0 log(x)

=1 (A.96)
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Assuming that pg(w,t)/or(w,t) approaches zero as w — 0o,

lim o(z,t)k(z,t) — Ok(z,t) =71(t) —p— A (A.97)

T—00

The last remaining piece is a suitable initial or terminal condition. In practice, I will use the
steady-state value of k(w,t) as the limiting terminal condition at infinity. Assuming that
pr(w,t) is bounded and pg(w,t)/op(w,t) — 0 as w — oo, this completes the character-
ization of k(w,t) given the general equilibrium objects r(t), w(t), pr(w,t), and op(w,t).

OJ

Problem of the intermediary. The next proposition deals with the problem of the inter-

mediary, which is also the special country’s saver.

PROPOSITION 5.  Fix the number of reqular countries at n. Given the path of the global
interest rate vy and the vector xy of aggregate wealth in every country including Wy, the value

function of an individual special country saver is

" = tog(arin) + A (. 1) (A.98)

(n)

The function k; ~ solves a first-order ordinary differential equation. The choice of portfolio

weights and drift correction for each country i is

A(n) Yen(wit) plt

I R—3 . A.99
T T+ Am(wi)  (of)? A
n 1 n 1 "

S S D P it (A.100)

L+ Am(wie) off

7

— Am(wir)

Proof of Proposition 5. Fix the number of regular countries n. The state variables of

the global bank are its wealth w, a vector x that combines aggregate special country wealth
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w and all other (w;), and time ¢ that summarizes all other variables. The evolution of

individual wealth w is

dib = (ryy — éo)dt + Y e ((nff — ofi&ie)dt + offdZy) + Opigd Ry (A.101)

7

Combine all (dZit) into a vector dZ;. Aggregate vector z evolves as
dx = pg(x, t)dt + oy (x,t)dZy (A.102)

The HJB equation for V(lf), x,t) is, suppressing arguments,

. . S (t o .
oV — 0 = max min dlog(@) + L0 S nwi)é + (i, . 16,0, (6;,£)) gV +
A N (& 2 -
6707(91) (fz) 7
o (W, z, t; (6;))?
2

+ 0 (W, 2,8 (7)) DV (A.103)

. 1
g (, t)/axV + OV + §tr(ax(x, t)/axx/Vcrx(x, t))

Here the drift and variance of @ conditional on controls ¢, 6, (6;), and (§;) are

pp (0, ,8:6,0, (0;,6)) = (r(t) + OB [dR )i — ¢+ Y iby(uff — &oif) (A.104)
)
o (i, 8 (0;)7 = 0D 67 (o ff)? (A.105)
1
0 (0, 7,1 (0;)) = oy (w, t)o(x, 1, (0)) (A.106)

The vector v(z,t, (6;)) in equation (A.106) collects the products (QAZJZIE)

The solution for the weight on the special country’s tree § will only be finite if E¢[dR;] = 0.
I assume that this is the case. The optimal weight 0* is not determined and does not affect
the value of the objective, so I will omit it from the notation for g, (w,x,t;¢, o*, (éz,@*))

below.
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The expressions for variance of dw and co-variance of dw and dw per unit of time in
equation (A.105) and equation (A.106) use independence between dZ;;.

Solving the minimization problem over (&;),

* 1 h R~ ¥
. W Al
= Sty i 0V (A-107)

Plugging this into equation (A.123),

. . A A A S (w0§)2 ) w(t), .
(W, Lt ¢, (0;,68)) = r(t)w — é+ E 0l — 9, V———1 92 ) 1 A (AL108

?

The problem in equation (A.103) is now, suppressing the arguments of o(z,t),

o R oB? .,

QV_aV:maX Qlo ¢ + o - 0 + N w?'r’t;ca 6.7 1 a"v
t 2 (0) g(¢) 25(1) Z n(wy) o ( (0;,€))0y

o,z t; (67)
2

+ 0 (10, 2,15 (0;)) 0V (A.109)

+ pa(z, 1) 0,V +

2
N 1
OV + §tr(ax(x, t)'@xx/\/ax(x, t))

Plugging equation (A.108) and equation (A.105) into this,

A1/ 9 A A A 2 2 . A (8@‘7)2 (@0@)2 ~9
oV — 0}V = max plog(¢) — ¢dyV 4 0,V E wph; — it)” 42
&,(6;) ) Y Y ; e 29(t) Z n(wi)

fo T, 2 é?(“ﬁﬁ
+ r(t)woyV + w Z T@M,V
2
N 1 A
+ pig (2, 1) 0,V + itr(ax(x, )0, Vor(z,t) + 0pn (0, 7,85 (0;)) 04,V (A.110)
Guess that the value function f/(w, x,t) has the following form

V(, z,t) = log(pw) + #(x,t) (A.111)
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This immediately leads to the optimal choice of consumption:

& = b(z, ) (A.112)

Replacing this in equation (A.127) and using the functional form for o(x,t),

R\2 RN\2
A . ~ . RA. B <Uit) Az B (Uit) Az P /\w(t)
ok(x,t) — Opk(x,t) = max E (,uuﬂz S On(an) ﬁ(wit)gl — s | +rt)—p— A+

1
4 pig (2, 1) Op iz, 1) + itr(ax(a;, ) 0 i(z, t)op (1)) (A.113)
The optimal choice of portfolio weights (6;) is

o Anwy)  pf
T T A (afft)2 (AL

This leads to the following expression for the optimal drift correction:

1 uR
13 . (A.115)
t

L AMn(wi) ol

The differential equation for £ (t) becomes

. W R\ 2 . w
o(x, ) ix(x, t) — Bk (), t) = % % (“—3}%) +r(t)—p— A+ AA (g)
; i Tit v

+ pa (i, 8) Duic(a, £) + %tr(ax(:z:, 00, Ji(x, oe(z,t)  (A.116)

I use the steady-state value of & as the terminal limit at t — oo. [
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A.6 Alternative setup for the global banks

This section provides details of the bank’s problem in the continuous limit and an alternative
way to model the intermediary using a VAR-type constraint. To simplify notation, I do it in
the setup with wealth-dependent discount rates. Everything is the same in the setup with

migration.

A.6.1 Continuous limit

The problem of the bank in the continuous world is

oo 1
Vi=  omax  mf  EPC [ / 05~ (@tlog@mﬁ / n(wms?sdi) ds}
{657933fs}32t {gs}szt 3 2 0

(A.117)

subject to the budget constraint
L R R R~ ) »
dw = (rywe — ¢)dt + /() Qe ((pif — 033 &ie)dt + 0;7dZsy )di + Gppd Ry (A.118)

The bank has access to a continuum of uncorrelated risky assets, so its payoffs are de-
terministic. However, the bank has freedom to choose a model for uncertainty over each
risky asset in its portfolio. Marginal benefits of considering scenarios with more substantial
losses (that is, marginal benefits of increasing ;;) increase in portfolio weights éz’t- But as
the bank entertains more pessimistic models, marginal benefits of raising éz’t itself decline.
This brings decreasing returns into the choice of portfolio weights, even though uncertainty

can effectively be disregarded.

PROPOSITION 6. Given the paths of the global interest rate r¢, the special country’s

aggregate wealth we, the drift and volatility of the excess return process (ug,ag) for all 7,
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the value function of an indiwvidual special country saver is

Vi = log(dpis) + f (A.119)

The function k¢ solves a first-order ordinary differential equation. The choice of drift cor-

rection and portfolio weights for each country i is

A R
Oit = vem(wig) - —2 (A.120)
(o )2
R
1 A ;
L 0,08 = Fit A.121
it yn(wi) 0 o ( )

Portfolio choice of the bank is similar to that of the local savers in regular countries,
being proportional to mean over variance of returns. A common factor yw; applies to all
regular countries. Movements in 7; map into shifts in foreign demand for risky assets in
all countries at once. It can be interpreted as a risk-tolerance parameter. Infinite +; would
make the bank essentially neutral to risk, willing to take an arbitrarily large position in any
asset that offers excess returns.

Interpreted literally as a cost parameter, high v makes the penalty for considering alter-
native models with large losses prohibitively high. Equation (A.138) shows that, for a fixed
éit> high ~+ makes the bank stick closer to the baseline measure. With a smaller correction,
marginal costs of increasing éit are lower, and the bank demands more risky assets for a
given mean-variance ratio.

Why do correction terms &;; pick up the volatility of idiosyncratic returns if idiosyncratic
shocks wash out in aggregate? This is because alternative models chosen by the bank apply
to the fundamental dividend shocks dZ;;. A mistake in evaluating the expectation of the

dividend shock dZ;; translates to a mistake in evaluating the expectation of excess returns
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dR;; = uﬁdt + UﬁdZit, which is what really matters for portfolio choice, and this latter
mistake scales by aﬁ.
Proof of Proposition 6. Since there is no aggregate uncertainty, the evolution of the

aggregate wealth in the special country w; and the distribution of (w;;) can be summarized

by time. The HJB equation for V(u?, t) is, suppressing arguments,

. . 1) 1 . . .
oV — 0V = max min glog(¢) + M/ n(wi)€2di + 0 (i, 58,0, (fi,£))05V  (A.122)
e0,(f;) (&) 2 Jo

Here the drift of @& conditional on controls ¢, 6, (f;), and (&;) is

. o 1
p (i, 56,0, (f;,6)) = (r(t) + Eg[0dR))w — ¢ + /0 wfi(pl - ol)di (A.123)

The solution for the weight on the special country’s tree 0 will only be finite if [E; [dli’t] = 0.
I will assume that this is the case henceforth. The optimal weight 6* is not determined
and does not affect the value of the objective, so I will omit it from the notation for
(i, t; ¢, 0%, (fi,€5)) below.

Solving the minimization problem over (&;),
* 1 R - ¥
§ = ————— - fioj - w0y V (A.124)
it

Plugging this into equation (A.123),

R

1 - 2
p (6, (£, ) = r(t)d — &+ /O (wfiu{?} —~ %f/%ﬁ) di (A.125)

The problem in equation (A.122) is now, suppressing arguments,

oV ) ~ . @u&f/)Q /1 (1130}})2 2 ;. oo N R
V=V = max plog(e) + - frdi 4 pt (0.t 6, (f3,€)) 0V (A126
OV = OV = s POEOF 500 o gy T TG U G0V (A1260)
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Plugging equation (A.125) into this,

~

oV — 8V = max 0log(é) + (r(t)w — &)oyV
C\Ji

oV /01 ol fidi (0uV)* /01 (w0§)2f2dz' (A.127)
Guess that the value function V (i, t) has the following form
V(w,t) = log(a(t)w) + &(t) (A.128)
This immediately leads to the optimal choice of consumption:
¢ = o(t)w (A.129)

Replacing this in equation (A.127) and plugging the functional form for o(t),

1 (o1t)? o Aw(t)
@t/%t—f%/t:max/ iy i Pldi+rt)—p— A+ = A.130
()A(t) — &( pax | ( itfi = D) (t) ) ( )
The optimal choice of portfolio weights (f;) is
ul?
7 = ABmuwg) - 2L (A.131)
(U¢t>
The differential equation for £(t) becomes
NN AN L Awl)
o()a(t) — R/ (t) = —/ nwy) | “% ) di+r(t) —p— N+ = (A.132)
2 0 O'Z.I;{ ’UJ(t)

The last remaining piece is a suitable initial or terminal condition. In practice, I will use the

steady-state value of & as the terminal limit at t — oo. [J
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A.6.2 VAR-type constraint

The bank with a VAR-type constraint solves

m ~
max [ [gt/ efs(s—t) log(¢és)ds (A.133)
(687083fs)82t 3
subject to a budget constraint
1 A ~ A
dwy = (T’tﬁ)t — ét)dt + / O widRipdi + Oppd Ry (A.134)
0
and the following institutional or regulatory constraint:
1 R 1 1 .
/0 Vil0;edRigJn(wit) ™ di < v /0 Et[0itd Rit)di (A.135)
The next proposition characterizes the solution.
PROPOSITION 7. Given the path of the global interest rate r¢, the special country’s

aggregate wealth Wy, the drift and volatility of the excess return processes (,ug, O'ﬁ) for all 7,

the value function of an individual special country saver with a VAR-type constraint is

Vi = log(dpive) + it

(A.136)

The function k¢ solves a first-order ordinary differential equation. The choice of drift cor-

rection and portfolio weights for each country i is

R pll
Oit = ven(wit) - —
R\2
(Uit)
R
1 . .
Sit = Oirolt = M—%
Yen(wit) o
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Proof of Proposition 7. Without aggregate uncertainty, the evolution of the aggregate
special country wealth @ and the cross-section of (w;;) can be summarized by time. The

HJB equation for f/(w, t) is, suppressing arguments,

oV — 0V = max plog(é) + u” (i, 16,0, (f,6)0aV  (A139)
&,0,(0;)
Yo Ry 1 LR
8.t. /0 fi (o) n(wiy) ™ di < %/0 fingrdi (A.140)

Here the drift of @ conditional on controls ¢, 8, (f;), and (&) is

. ) o 1
W (i, 46,0, (£, &) = (r(t) + Egl0dRe)yio — e + /O i fiplidi (A.141)

The solution for the weight on the special country’s tree 6 will only be finite if E; [df%t] = 0.
I will assume that this is the case henceforth. The optimal weight 6* is not determined

and does not affect the value of the objective, so I will omit it from the notation for
p (i, t;¢,6%, (f;,£7)) below.

Guess that the value function V (10, t) has the following form
V(w,t) = log(a(t)w) + &(t) (A.142)

This immediately leads to the optimal choice of consumption:

>
*
Il
o}
—~
~
N—
S5

(A.143)
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Plugging this and the functional form of p(¢) into equation (A.139),

1
o(t)a(t) — &/ (t) = max / fiulgdz' +rt) = A—p+ )\w (A.144)
@) Jo w(t)
1 1
s.t. / f?(aﬁ)zn(wit)*ldz’ < ’yt/ fiuﬁdi (A.145)
0 0

Let the multiplier on the constraint be £(t). The first-order condition for f; is

a1+ E ()

fi = n(wit) (A.146)
1 it (UZ};L)Q 25(15)
Plugging this into the constraint,
L= (0%()" /ln(w ) <M§)2di <0 (A.147)
T aen2 i\ "R = '
4€(1) 0 ol
This holds with equality if £(¢) > 0, so £(t) = 1/~(t) and
ul?
i =aOn(wir) g (A.148)
(Uit)
Plugging this back into equation (A.144),
1 R\ 2
. A ¢
00 = #(0) =) [ (L) ai+ o) =3 - p a2 (A149)
0 it U)(t)

The only remaining bit is the suitable initial or terminal condition for 4(:). In practice, I

will use the steady state as a terminal condition as a limit at ¢ — oco. [
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A.7 Details of equilibrium

In this section, I provide details for the equilibrium section. First, I discuss the steady state
and a useful benchmark of unlimited risk-taking capacity in which there is complete risk-
sharing and no non-degenerate wealth distribution. This benchmark also illustrates the role
of migration between countries. Then, I provide justification for the equilibrium condition in
equation (1.9) and equation (A.150) that decomposes intermediary’s consumption in steady

state:

c=vq+v- /ﬁ(w)dG(w) —r- /l(w)dG(w) + /up(w)ﬁ(w)dG(w) (A.150)

I also provide a proof for Proposition 1.

Steady state. Define aggregate profit rates from risky assets m and 7:

W/de(w) = /w@(w)uR(w)dG(w) (A.151)

T = /wf(w),uR(w)dG(w) (A.152)

Here 7 is the average expected excess return that regular countries receive on their trees,
and 7 is the total expected excess return that the global bank receives on them. These profit
rates allow me to express the steady-state interest rate and aggregate wealth of regular and

special countries.

PROPOSITION 8.  In the steady state, the interest rate is

p+)\+,5+;\—7r—7%—\/(p+/\—ﬁ—5\—7r+ﬁ)2+4/\5\

. (A.153)

r

It decreases in both m and 7t and is bounded between min{p—7,p—7} and max{p—m,p—7}.
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The aggregate wealth of reqular countries and that of the special country are given by

~

/ wdG(w) = A av) (A.154)
pA+ A+ pp — p(r + )
W = Ay +47) (A.155)

pA+ PA + pp — p(r + 7)

This proposition shows how the interest rate and aggregate wealth of regular and special
countries depend on profit rates. This is useful for thinking about the benchmark limit
v — oo. In this limit, any positive expected excess returns lead the bank to assume an
infinite position in risky assets. Expected excess returns pp(w) then have to be zero in
equilibrium, and m = 7 = 0. Since r decreases in both 7w and 7, limited risk-taking capacity
depresses the global interest rate.

Holdings are well defined in this limit. Local savers are not willing to hold trees since
there is fundamental risk in the dividends but expected excess returns are zero. The global
bank holds all the risky assets and fully insures the regular countries. There is no wealth dis-
tribution among the regular countries because they are not exposed to idiosyncratic shocks.
Equation (A.154) in this case shows wealth accumulated by each of them. Simplifying more,

p = pleads tor =p=p and

/de(w) _ A vE (A.156)
Aa p

PR (A.157)
SN 1

Risk is perfectly diversified and there is no difference in time preferences, so wealth is simply
the present value of output split between the intermediary and the savers by migration. This
is the only way in which migration affects the aggregates. The technical reason to include it

is that, without it, w = 0 would be an absorbing state for regular countries, and the special
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country’s income would be linear in its wealth w, leaving no possibility for a well-defined
invariant distribution. In my calibration, I set net migration in the steady state to zero but
allow for some gross flows.
Proofs. I now formulate equation (1.9) and equation (A.150) as propositions and prove
them. I also prove Proposition 1 and Proposition 8.

Before deriving the expression for the price and quantity of risk, it is useful to rearrange
the market clearing conditions for risky assets:

_ . i) MR(w>t) MR(wat)
p(w,t) = wmin {9, W} + cp(t)n(w)m (A.158)

Now I will show the equivalence between this and the price-quantity decomposition in equa-
tion (1.9).

PROPOSITION 9.  Equation (A.158) implies equation (1.9). That is,

)= R w,t R w,t
p(w,t) = wmin {6’, %} + @(i)n(m)% = (A.159)
MR(UJ?t) — ma p(w,t) p(w,t) _ gw
St = e e ) (4100

Proof of Proposition 9. Suppose that equation (A.158) holds. Use the equivalence

p(w,t) > p(w,t) _gw p(w,t)

)+ o = o) el rw =0 (A.161)

Suppose pft(w,t)/of(w,t)? < 0. Then, from equation (A.158) it follows that

pliw,t)  p(w,t)
oB(w, )2 pt)n(w) +w

(A.162)
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This means that p(w,t)/(p(t)n(w) +w) < 0, so, from equation (A.161),

p(w,t)  pw,t) — w } p(w, t) pf(w, 1)
max , = = A.163
it v ion) |~ A e T oM
Now suppose that pf(w,t)/of(w,t)? > 0. From equation (A.158) it follows that
pPw t)  plw,t) = w
AR A (A.164)

oft(w, )2 p(t)n(w)

This means that p(w,t) — 0w > Op(t)n(w), so p(w,t)/(w + p(t)n(w)) > 6. Then, from

equation (A.161) it follows that

p(w,t) p(w,t) — w ~ plw,t) — Qw B uR(w,t)
max{w)n(w) o o) } = o) oR(w, 02 (A.165)
Thus, in any case,
plwt)  plwt)—Fw\  pFwb)
mas ) = R, 1)2 (A.166)

This completes the proof. [J

Proof of Proposition 1. Start with plugging the expressions for uR(w,t) and JR(w,t)

into equation (1.9). Rewriting it yields a formula for the risk premium in terms of price

dynamics:
P (w,t) +v(t) (F) = (0P (w,t) 4 0)? _ p(w, t) p(w,t) — Ow
w07 Vo ot (419
Using [t0’s lemma,
o (w, t)?
pP(w,t) = p®(w, t)dwp(w, t) + %f%wp(w, t) + p(w, t) (A.168)
oP(w,t) = c(w,t)Oyp(w, t) (A.169)
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Multiplying both sides of equation (A.167) by p(w,t),

i (w,t) + v(t) = plw, t)r(t) + dp(w, t) = (o (w, 1) + 0)°

'm“{w+¢@mmww$wo@_p$2»}

(A.170)
Plugging the drift and volatility of prices,
o (w,t)?
p (w, )0wp(w, 1) + ——Z=—Owwp(w, t) + v(t) = p(w, t)r(t) + Op(w. ) (A.171)
1 1 Ow
= (0" (w, t)Owp(w,t +02-max{ , (1— )}
A e I RE O AT

Now rewrite the process for a regular country’s wealth in equation (A.41):

dw = (r(t) — p)wdt + O(w, )wdR(w, t) + (Mb(t) — Iw)dt

= (r(t) — p — Nwdt + A (t)dt + wb(w, t) T (w, t)dt + wh(w, t)o T (w, t)dZ

= i (t)dt + (7’(1&)(1 — 0w, t)) —p— A+ G(w,t)up(l;’(gj)y(t)) wdt

p
oFlwt)+o ., (A.172)

+wh(w, 1) oD

From this, it follows that

oP(w,t) + o
o (w,t) = wh(w, t) ———""—— A.173
(0. = w2 (A173
Plugging equation (A.169),
w B o (w,t)0uwp(w,t) + 0 O(w, t)wo
T = )T plwnt) — w0 D)
_ O(w, t)wo (A174)

p(w,t)(1 — 0(w, t)e(w,t))
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Here e(w, t) = w/p(w,t) - Oyp(w,t) is the wealth elasticity of the price. This implies

o 2
(6 (w, t)Dp(w, t) + o) = (1 TP t)) (A.175)

Plugging this into equation (A.171),

o (w, t)?
2

- (1 - e(wfjt)ew, t>)2 | max{w + w(lt)n(w)’ so(t;v(w) (1 - p(iujw) }

Define the risk-adjusted payoff y(w,t) as

p(w, )Owp(w, t) + Owwp(w, t) + v(t) — p(w, t)r(t) + dp(w, 1) (A.176)

o

- 9<w,t>e<w,t>)2 e {w + so(ltm(w)’ go(t;y(w) (1 B p(fulfw) }

vl ) =) =

Plugging leads to

o (w,t)?

r(t)p(w, 1) = Owp(w, t) = y(w,t) + p* (w, )wp(w,t) + —

Owwp(w, t) (A.178)

This is the Kolmogorov backward equation (A.214) for prices. The Kolmogorov forward

equation (A.215) for wealth follows from the fact that the wealth process is a diffusion. O

Proof of Proposition 8. Take the evolution of the special country’s wealth and integrate
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the evolution of the regular countries’ wealth to get aggregate dynamics:

1
= (r(t) — p)uir(t )dt+/0 W(t) f(w, ) p (w, £)dG(w, t)dt

+ | A [ wdG(w,t) (t)) dt (A.179)
/dde(w t)=(r(t) — p)/de(w t)dt—I—/w@(w,t)uR(w,t)dG(w,t)dt
+ (&w(t) ) / de(w,t)) dt (A.180)

In the steady state, the left-hand side is zero in both of these equations:

0= (r=pi+ [ ) )G ) + (A [ wiciw) - m)

(= P+ A + A / wdG(w) — i (A.181)

0=(r—p) / wdG(w) + / wb(w) P (w)dC (w) + (m 2 / de(w))

= (r—p) /de(w) + W/de(w) + b — )\/de(w) (A.182)

This leads to

W = /de(w)A - — =W — - (A.183)
A+p—r—na Atp—r—TAN+p—r—7
Reorganize this as a quadratic equation

~ ~

(r+m7—p—=ANr+7—p—X) =\ (A.184)

The solution is

oz—i—ézj:\/(oz—&)z—f—él)\j\
. . (A.185)
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Here a =p+A—mand & = p+ A — #. Take the root with a plus and consider r — a and

(d—a)—l—\/(&—a)2+4)\5\

r—o= 5 >0 —« (A.186)
(0 — @)+ /(a — @) + 474
r—oa= 5 >a— & (A.187)

These imply that » > « and r > &, which is not possible since @ and [ wdG(w) would be
negative in this case. The right root is then that with a minus. Plugging this expression for

the interest rate into

Ap—r—7

~

W = _ /de(w) (A.188)

A
= 4 Al
/de )\+p—7‘—7rw (A.189)

completes the proof. []

PROPOSITION 10.  In the steady state,

b= ity / h(w)dG(w) — 1 - / (1 — 0(w))wdG (w) + / W) h(w)dGw)  (A.190)

Proof of Proposition 10 The wealth accumulation of the global bank in the steady state

can be rewritten as

dw = (rw — ¢)dt + /f(w)wdR(w)dG(w) + (\w — i) dt
= (r — &)dt — ridt - / f(w)dG(w) + viddt - / h(w)dG(w)
+ dt - / P (w)h(w)dG (w) + (Aw — \id)dt (A.191)
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This uses the fact that dR = 0 in equilibrium, so the special asset does not contribute to
wealth accumulation. The second line simply applies the definition of dR(w) = (uP(w) +
v)/p(w) —r and the definition of h(w): wf(w) = p(w)h(w). The balance sheet of the global

bank is

W= /p(w)ib(w)dG(w) +pg — /(1 — 0(w))wdG(w) (A.192)

The bank’s wealth is its consolidated position in risky assets and its position in the safe
asset less bonds outstanding. Plugging this and using the steady-state relations p = ©/r (no
risk premium on the safe asset), di = 0 (no fluctuations in the intermediary’s wealth), and

A = Aw (no net migration),

= vitv- / h(w)dG(w) — 7 / (1 — 6(w))wdC(w) + / () h(w)dG(w)  (A.193)

This completes the proof. [
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A.8 Details for calibration and estimation

In this section, I explain the algorithm for calibration and estimation. I first calibrate the
steady-state version of the model using four aggregate moments and a panel of external
assets and liabilities from IFS data provided by the IMF. Then, I use two aggregate series
and sequence-space Jacobians to estimate the parameters of aggregate shock processes by

likelihood maximization.

Calibration. I construct the ratio of assets to liabilities:

A
Rj = L_“f (A.194)
it

I measure the moments of its distribution in the data using the following procedure:
e First, I take unbalanced panels for A;; and L;; starting in 1990.

e [ then smooth out assets and liabilities by replacing the value in each quarter with the

mean value over the last four quarters.

e For every country that eventually appears in the sample, I create a weight that is
inversely proportional to the duration of its presence in the sample. This allows me to
correct for the over-representation of advanced economies with relatively large assets

and liabilities

Figure A.8 shows the model fit for the distribution.

I set the net migration flows to zero in the steady state:
A / wdG(w) = A (A.195)

Given all other parameters, this pins down . Talso set v = U, where v is the dividend rate in

the special country. The level of dividends can be normalized using the following symmetry
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Figure A.8: Model-generated distributions
(red) and data for the ratio of external as-
sets to external liabilities.

Table A.7: Average excess returns in emerg-
ing markets and advanced economies. Emerg-
ing markets are those constrained: 6(w) =6

advanced economies 0.676pp
emerging markets 2.893pp
difference 2.218pp

property. Consider one model parameterized by eleven parameters (p, p, A, 5\, v,0,0,0,7,q,C )

and another one parameterized by (p, p, A, A\, v*, 0%, 0, 0%, ~v*,q,¢*) such that

v =av (A.196)
) = ap (A.197)

o =ac (A.198)
s aC

=TT (A.199)
S i ) (A.200)

The prices and quantities corresponding to the original and the starred model satisfy the

following;:

— aib(t) (A.201)
(A.202)
Flw,t) (A.203)
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Multiplying expected dividends and their volatility by the same number simply rescales
wealth and asset prices if v and ( are suitably transformed. The same transformation as in
equation (A.202) applies to the loadings of prices and wealth processes on time and shocks
(pp(w, t), paw(w, t), op(w, t), oy (w, t)), while instantaneous returns (up(w,t), op(w,t)) follow
the pattern in equation (A.203). Interest rates remain the same. This can be verified by

noting that

p(t)n(aw) = w(t)y(t)n + w(t)y(t)(1 —n) - ow (A.204)

Applying the transformations above to equation (1.9),

B (0 = (B (E)C (A.205)
W)y (1)1 =) aw = by ()(1 - ¢) - aw (A.206)
This means
pp(aw,t) . { p*(aw,t) p*(ow, t) — gaw}
op(aw,t) e (O (aw) + aw’  e*(t)n*(aw)
R ap(w,t) ap(w,t) — faw _ pr(w,t)
~ma{ e e e} e (0

Portfolio choice for aw is hence the same under the starred parameterization as that for w
under the original one. The upshot is that equation (A.201) and equation (A.202) imply
that (up(w,t), pw(w,t), op(w, t), oy (w,t)) transform in the same way as in equation (A.202),
which verifies equation (A.203) since consumption follows the same proportional rule under
both parametrizations and migration scales with w(t). The evolution of w(t) then shows
that equation (A.201) is satisfied, and equation (A.214) shows that equation (A.202) holds.

This symmetry means that choosing a number v = ¥ is simply a normalization. The
remaining parameters are an outcome of numerical optimization, where I look for a config-
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uration that minimizes the quadratic distance between the targets and their model analogs

in Table 1.1. All moments are assigned the same weight.

A.8.1 Calibration of the model in Section 1.2

The model in Section 1.2 is a special case of the full model with § = oo and ¢ = 1, which
makes the intermediary’s weights constant: n(w) = 1 for all w. The special country’s tree is

also not in this version of the model: § = 0. Other parameters are in Table A.8.

Table A.8: parameters for the model is Section 1.2.

parameter  value meaning

regular countries

p 0.0600 discount rate
A 0.0200 emigration rate
v 0.0500 output rate
o 0.1000 output volatility
0 oo upper limit on risky asset share

special country

o 0.0960 discount rate
A 0.0811 emigration rate
q 0.0000 asset stock
¢ 1.0000 country weight intercept
v 1.4918 risk-taking capacity

I choose parameters for regular countries arbitrarily and then find parameters for the
special country in order to set net migration flows to zero, like in the full model. The other
two targets are the interest rate of 3% annually and the US wealth share of 20%.

The average risk premium comes out to be 4 percentage points, and the average foreign

ownership share for the trees is 30%.
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A.8.2 Details of estimation

My estimation procedure relies on the mapping from sequences of shocks {dW;} to the
sequences of first-order deviations {m¢,pr}. This mapping is given by the sequence-space
Jacobians calculated at the steady state and parameters P = (ji, fiy, 041,042, 0,2). Given a
potentially large sequence {dW};} and a guess of P, I can compute a large sequence {7y, pt}
and calculate its time-series moments M(P,{dW;}). I can then update the guess of P to
make these model-implied moments closer to ./\/ldata, the moments from the data.

Getting a point estimate for parameters consists of these steps:
e compute the targeted moments in the data Mdata
e simulate a large sequence of shocks {dW ()}

e given {dW(t)}, search over parameters P = (fiv, tty, 041, 02, 0y2) that minimize the

distance between model-implied moments M (P, {dW (t)}) and Mdata

Having obtained a point estimate P = (fiy, fl, Oy1, 042, d,2), I use bootstrap to estimate
standard errors. This procedure replaces true data with simulations created using P and

re-estimates these parameters many times. The steps are the following: for b from 1 to B,
e simulate a sequence {dW;},
e using {dW;}; and the point estimate P, compute M "0 — AP {dW;}p)

e get a point estimate P}, by minimizing the distance between M(P,{dW (t)}) and

M data b yer parameters P

When this is completed B times, I have a sample of estimates {ﬁb}szl. I then use the
standard deviations of estimates in this sample as standard errors for the original point

estimates P. Figure A.9 shows point estimates and bootstrapped marginal distributions.
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0.0228 0.2072 0.0524 0.1118 0.0036 0.0042 —0.0192  0.5402 0.6540 0.9217

Figure A.9: Point estimates of parameters and the bootstrapped marginal distributions.

Quarterly magnitudes. To get a sense of magnitude for shocks to v(¢) and (v(t),0(t))

over discrete time periods, one can solve the stochastic differential equations:

T T
3(r) = e PTA(0) + /0 e 1AW (s) + /0 50 dWa(s)

v(r)=e M7p(0) + /OT e Mo, 0dWo(s) (A.208)

Setting 7 = 0.25 yields a quarterly model and 7 = 1 makes it annual. Substituting the

stochastic integrals random variables and defining parameters,

V41 = Pyt + H1EL1+1 + 282,141 (A.209)

Vt41 = pult + 2€2 141 (A.210)

Here persistence parameters are py = e #17, p, = e” "7 random variables (€1 41,2 ¢+1)

are independent standard normals, and the volatilities of innovations are

T T 1— €—2p77
Sy1 = 0414V {/ e_“VSdl/Vl(s)] =041/ E [/ 6_2M78d8:| =0y —5—— (A.211)
0 0 24y
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Similarly,

1 _ 6_2‘I“L7T

Sy2 = 042 —2“7 (A.212)
1— e 2T

— S — A 213

Spy2 = 0p2 2t ( )

It is more natural to report these parameters as a share of the steady-state values v and v.

Table A.9 reports them for the quarterly and annual frequencies.

Table A.9: Finite time parameters.

pﬁ/ Pv gfyl §72 Sp2
quarterly 0.941 0.824 0.065-v —0.044-~ 0.022-v
annual 0.783 0.460 0.125-~ 0.084-~v 0.038-v

The correlation between innovations to 4441 and 7441 is 0.56 at all horizons.
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A.9 Numerical solution algorithm

Here I briefly describe the algorithm I use to solve the system of partial differential equations

in Proposition 1. The system is for prices p(w,t) and density g(w,t):

1
r(t)p(w, t) — Op(w, t) = y(w, t) + pw(w, t)Owp(w, t) + Qaw(w, )20wwp(w,t)  (A.214)
1
19, ) =~ (0, )9, 0] + £ Do w0, )20, )] (A.215)
Here the function y(w,t) is the risk-adjusted payoff:

o

= e<w,t>e<w,t>)2 e {w T w(lt)n(W)’ @@;(w) (1 B p(ifw) }

vl ) =) =

with e(w,t) = w/p(w,t) - Oyp(w,t) being the wealth elasticity of price.
The partial differential equation (A.214) is non-linear. The price p(w,t) is explicitly
included in y(w, t). Moreover, the drift and volatility of wealth 1, (w,t) and oy, (w, t) depend

on it. Plugging the optimal policy of investors,

_ Y0 : MR(w7t) 7l
vuw(w.t) = min { PR Bl
w(w, t) {O_R(w’t)z,ﬁ} r(w,1) (A.218)

Here the mean and volatility of returns are

pp(w, t) +v(t)

pr(w,t) = o(w 1) —r(t) (A.219)
op(w,t) = % (A.220)

The drift and volatility of prices, pp(w,t) and op(w,t), in turn can be expressed in terms of
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tw(w, t) and oy (w,t) using 1t6’s lemma:

aw(w,t)2

2
op(w,t) = ow(w,t)Owp(w,t) (A.222)

pip(w, ) = Op(w, t) + pw (w, 1) Owp(w, t) + Owwp(w,t) (A.221)

[ next describe the iterative algorithm that I use to solve for p(w,t) as a fixed point of
equation (A.214). I first describe the steady state, where all functions just have w as their
argument, and both equation (A.214) and equation (A.215) are ODE, not PDE. After that,
I describe the transition dynamics.

My numerical solution requires a discretization of time and wealth spaces. In addition, I
use a monotone transformation of the wealth scale from [0, co) onto [0, 1] by mapping w to
another function z(w) = 1 — e~". This allows for better approximations at large levels of
wealth, which is useful given that one of the boundary conditions for p(w, ) is at infinity. All
equations have to be corrected for this transformation using the chain rule and It6’s lemma.
Steady state. To compute the price functions in the steady state, I use a two-tier loop.
In the outer loop, I solve for r, @, and G(-), the distribution of w that produce all other
quantities that clear markets. In the inner loop, I fix r, w, and ¢ = yw and solve for prices.

Given these numbers, I iterate on the price functions in the following way:

(n)

w), and oy, ' (w)

e guess ) (w), p(

e compute y(w) and solve the time-invariant version of equation (A.214), which is on

ODE instead of a PDE in the steady state, to get the new guess p("+1)(w)

(n) (n)

e use the new guess p("*t1) (w) and old guesses uy” (w) and oy (w) in equation (A.221)

and equation (A.222) get pp(w) and op(w)

e use the new guess p("t1)(w) and the newly computed pp(w) and op(w) to com-

pute pup(w) and op(w), the mean and standard deviation of excess returns in equa-
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tion (A.219) and equation (A.220)

e use the newly computed pp(w) and op(w) to compute the new guesses M(ZL +1)(w) and

al(UnJrl) (w) of the drift and volatility of wealth in equation (A.217) and equation (A.218)

e stop if old and new guesses of p(w), uw(w), and oy (w) are sufficiently close

In the outer loop, I use the last guesses for y,(w) and oy (w) to solve equation (A.215). This
allows me to compute the steady-state value of the average regular country wealth f wdG(w)
and the total profits of the intermediary, which also takes in the last guess of pp(w). I then
compute the steady-state value of w using the fact that wealth accumulation in the special
country is zero: consumption pw offsets profits, and net migration is zero. Given the new

guess for w, I compute the new guess for r using the intermediary’s balance sheet:

W= ;cj+ / p(w)h(w)dG(w) — / b(w)dG (w) (A.223)

Here the ratio v/r is the steady-state price of the safe asset.
Transition dynamics. I discretize the time and solve for sequences of r(t) and w(t). Given
guesses for these sequences, I also have a guess for the sequence p(t).

There is an inner loop at all nodes ¢ of the time grid where I solve for the current price
vector p(w,t) and the vectors of wealth drift and volatilities j(w,t) and oy (w,t). This
inner loop is exactly the same as in solving for the steady state price.

In the outer loop, I compute the flow profits of all investors, the evolution of wealth,
and migration flows using (pp(w,t), op(w,t), pr(w,t), og(w,t), pw(w,t), ow(w,t))i>0. This
calculation leads to the new guess of the path of the special country’s wealth (w(t));>0 and
the global factor (¢(t));>0. The new guess of the interest rate sequence (r(t))¢>( comes from

differentiating the consumption goods market clearing condition with respect to time:

p / i (w, )dG (w, t) + pi' (t) = V() + G2/ (t) (A.224)
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The interest rate can be extracted from this equation given profit flows coming from expected

excess returns pp(w,t). I then use the sequence space Jacobians to update the guesses.
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A.10 Details for impulse responses

The decomposition of the impact response of asset prices relies on the following fact. It
is enough to know the future path of dividends (v(t));>0, the interest rate (r(t));>0, the
global factor ((t));>0, and the intermediary’s wealth (w(t));>0 to calculate the whole path
of (p(w,t))t>0. The intermediary’s wealth only matters for migration flows, given the path
of (¢(t))¢>0-

Taking advantage of this, I produce decompositions on Figure 1.8 and the same decom-
position for the shock to risk-taking capacity. First, for the shock to risk-taking capacity, I
compute two counterfactual price sequences: one with r(t) set at the steady-state r (this iso-
lates the effect of p(t)), and the other with (t) set at the steady-state ¢, isolates the effect
of r(t). In both cases, all other sequences are taken from the baseline general equilibrium
transition dynamics.

For the output shock, I compute three counterfactual price sequences. One is with r(¢)
and ¢(t) both held at the steady-state levels. This isolates the effect of v(¢) that directly
enters the Kolmogorov backward equation for prices. Another holds r(t) and v(t) at the
steady-state level, isolating the effect of (t), and the last one isolates the effect of r(¢) by
taking in constant (v, ¢).

These decompositions are not additive, since I consider relatively large shocks, and prices

are highly non-linear in 7(t), ¢(t), and v(t).
Expectations in cross-section. Panel (a) on Figure 1.7 provides cross-sections of expected
holdings at three different points in time, t = 0, ¢ = 0.25, and ¢ = 1, conditional on wy.
The value of holdings at ¢ = 0 conditional on wq. Holdings as a function of (w,t) are known
too. But wealth itself changes between ¢t = 0 and ¢ = 0.25, both due to aggregate drift and
idiosyncratic shocks.

Consider any function z(w,t). The time-s expectation at time t, denoted by Z(w,t,s),
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Z(w,t,s) =E [Z(ws, s)’wt = w] (A.225)

This object satisfies the following HJB equation:

Uw<wat>2

0= atZ('LU,t,S) +”w(w>t)awz(wvta S) + 92

OwwZ (w, t,s) (A.226)

The terminal condition is Z(w, s, s) = z(w, s). I compute holdings of domestic assets 7 ahead
expected at t = 0 by solving this partial differential equation numerically and evaluating
Z(w,0,71).

Another type of cross-section of expectations is an expected average over time. Panel
(b) on Figure 1.7 shows the cross-section of expected wealth accumulation over the first
quarter, decomposing it into parts. These expectations can be computed as follows. Take
any time-varying function Z(w,t). The expected time average between t and s conditional

on wy, denoted by Z(w,t,s), is
~ S
Z(w,t,s) =E {/ Z(w,T)dT‘wt = w] (A.227)
t

This object satisfies the following HJB equation:

Ow (w> t)2

0=2(w,t) — 0 Z(w,t,s) + pw(w, )0 Z(w, t,s) + OwwZ (w, t, 5) (A.228)

The terminal condition is Z(w, s,s) = 0. I evaluate Z(w,0,7) for panel (b) on Figure 1.7.
Note that the expectation functions Z(w,t, s) is essentially nested in Z(w,t, s) if one is

willing to consider the function z(w,t) that incorporates Dirac’s delta function:

Z(w,t) = 0(t — s)z(w, t) (A.229)
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Importantly, when plotting panel (a) and panel (b) on Figure 1.7, T account for initial
wealth revaluation. Specifically, instead of Z(w,0,7) and Z(w,0,7), I plot Z(W(w),0,7)
and Z(W (w), 0, 7), where the function W (-) maps wealth just before the shock hits into the
level after revaluation.

Revaluation. Wealth revaluation in regular countries happens because asset prices jump

on impact. The function W (-) solves the following functional equation:
W(w) = b(w) + p(W (w), 0)h(w) (A.230)

After revaluation, wealth consists of the old, steady-state level of bond holdings b(w) and
old holdings of risky assets h(w) evaluated at the new price p(W(w),0). The holdings have
to be taken from just before the shock since revaluation happens before portfolios can be
rebalanced. The absence of ¢ as an argument in hA(w) and [(w) means that these are steady-
state functions. The price is evaluated at W (w) since the country instantly becomes one
with wealth W (w) instead of w.

Wealth revaluation thus comes from two sources. First, price as a function of wealth
changes relative to the steady state: p(w,0) # p(w). Second, wealth itself changes because
changing prices revalue it: W (w) # w. In my numerical procedure, I solve for W (w) given

p(-) as a function of (w,t) by iterating on guesses W"(-):
W (w) = b(w) + p(W"(w), 0)h(w) (A.231)

I evaluate the new guess W”+1(-) on the grid by interpolation and do it until convergence.
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A.11 Additional details for shocks

This section provides additional details for the shock to risk-taking capacity of the interme-
diaries and the output shock.

Adjustment to the risk-taking capacity shock in the special country. The special
country’s net foreign assets position (NFA) falls on impact because of the losses it makes
on its risky portfolio. Panel (a) on Figure A.10 shows the path of NFA over the special

country’s GDP over time after the shock to 7.

(a) Special country’s NFA. (b) Components of wealth accumulation.

.

——dividends

B capital gains —— interest payments
asset accumulation —— capital gains (risky)
—ANFA -6 ----capital gains (safe)

0 10 20 30 40 50 60 0 10 20 30 40 50 60
t (quarters) t (quarters)

Figure A.10: Responses of the special country’s NFA and components of net income, percent
of GDP. Panel (a): change in NFA decomposed into price changes and net assets accumu-
lation. Panel (b): changes in dividends from regular countries, interest payments to them,
and asset prices.

The evolution after t = 0 is due to changes in asset prices and accumulation of assets net

of incurrence of liabilities. The capital gains component k() is given by a k(0) < 0 and

i) = [ (w0, 0Gw.6) ~ [ ) () dGiw)

The subtracted term corresponds to the steady state. Capital gains start off negative at
t = 0, reflecting the losses made on impact. NFA then reverses, and valuation changes
contribute to it.

Asset accumulation accounts for purchases of shares in risky assets that do not result
130



in additional deposits made by regular countries. Panel (b) sheds light on the sources
of these purchases. It plots the changes in four components of the intermediary’s wealth
accumulation: dividends from assets in regular countries, interest payments (this component
contributes negatively to net income), capital gains on risky assets, and capital gains on the
safe asset.

Interest payments to regular countries decline by more than dividends flowing out of those

countries. The intermediary uses this difference to buy back the shares that local investors
in rich countries purchased on impact while retrenching. Changes in consumption are much
smaller in magnitude, so almost all of this extra income goes to financing asset purchases.
Dividends from the safe asset remain constant and are not shown in the picture. Capital
gains on risky assets are positive, and those on the safe asset are negative as prices revert
back to normal.
Shock to output. Figure A.11 and Figure A.12 show density-weighted losses made on
assets as a percentage of global GDP. The distributions are remarkably similar. Losses on
risky assets are shared between regular countries and the intermediary in roughly the same
proportions after both shocks, and the fall in the safe asset price p(¢) is only marginally
larger (relative to other assets) when its dividends are hit.

This shows how important the global intermediary is for risk-sharing. Even though it is
the only owner of the safe asset, the fall in the safe asset’s dividends has largely the same
consequences for the global wealth distribution as a shock to v, adjusting for size. The
intermediary’s exposure to risky assets generates contagion. This force is the reverse side of
insurance that it provides to other countries by absorbing a part of their losses.

Table A.12 collects the differences between the shocks to v and v. The shock to the global
intermediary’s risk-taking capacity is essential to generate large capital flows on impact, and
these flows only happen in deep markets with rich and unconstrained domestic investors.

The shock to output is essential to generate a fall in asset prices that is not confined to poor
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Figure A.11: Shock to v in regular countries:
gains and losses on of the intermediary and lo-
cal savers on impact (percent of global GDP,
weighted by density)

O_
_10_

i

—-30 F

—40 - Bl intermediary
=50 savers
—60 | — —safe asset
1 1 1 T 1
0.0 0.5 1.0 1.5 2.0
w

Table A.10: Shock to v in regular countries:
gains on impact (percent of global GDP). Low
w countries are those constrained in steady
state, O(w) = 0

Figure A.12: Shock to v in special country:
gains and losses on of the intermediary and lo-
cal savers on impact (percent of global GDP,
weighted by density)
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Table A.11: Shock to v in special country:
gains on impact (percent of global GDP). Low
w countries are those constrained in steady
state, O(w) = 0

intermed. (safe asset) —15.711%
intermed. (risky assets, poor) —12.76%
intermed. (risky assets, rich) —0.90%
agents in low w countries —23.711%
agents in high w countries —4.37%

intermed. (safe asset) —5.33%
intermed. (risky assets, poor) —3.85%
intermed. (risky assets, rich) —0.27%
agents in poor countries —7.14%
agents in rich countries —1.30%

countries with a shallow investor base. The safe asset appreciates when the intermediary

loses appetite for risk and depreciates when the interest rate rises to accommodate a fall in

production.

Table A.12: Summarized qualitative facts about negative shocks to v and v

fall in y(¢) fall in v(¢) or v(t)

interest rate

safe asset

risky assets, rich countries
risky assets, poor countries

retrenchment flows, rich countries
retrenchment flows, poor countries

- +
+ -
+ -
- 0
0 0
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A.12 Details for linearization

In this section, I explain the linearization procedure. The notation convention is that a
function z(w) with only one argument corresponds to the steady state. Functions with
tildes, like Z(w, t), correspond to the first-order deviations. I also denote the intermediary’s
net worth w(t) by n(t) to avoid excessive use of hats.

Step 1: constraint is slack. Take values of w for which the constraint is slack in the

steady state. Start with the drift and volatility of the wealth:

pw(w, t) = (r(t) — p — Nw + Mn(t) + pp(w, )0(w, t)w (A.232)
ow(w,t) = /op(w,t)0(w, t)w (A.233)

Using the optimal choice, 0(w,t) = pr(w,t)/op(w,t), replace the returns in the drift:

prw(w, 1) = (r(t) — p — Nw + An(t) + %“2 (A.234)

This leads to

Tw(w,t) (A.235)

Using the definition \/op(w,t) = (op(w,t) + oy)/p(w, t) and op(w, t) = Owp(w, t)ow(w,t),

B oyf(w, t)w
Wl ) = ) = 0w, ) dup(w, D (A.236)
Using pg(w,t)/or(w,t) = p(w,t)/(e(t)n(w) + w) and 6(w,t) = pr(w,t)/or(w,t),
ow(w, t) = Ty% (A.237)

p(t)n(w) +w — Owp(w, t)w
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Expanding,

(1))

Ayl

(wOywp — n(w)
The market-clearing condition is
Mp(w7 t) +v— r(t)p(w, t) = (Up(w7 t) + Uy) ©

Expanding,

Now using o (w) = w(w) (p(w) + o) /p(w) = w(op(w) + o)/ (en(w) + w),

. _ 20p(w . 5 o (w)?
fip — 75222 = #(Op(w) — Bt () L)
w
The expressions for ji;, and 7) are
~ ~ . / ~ ~ " Uw(w)2 ~
fiop = 0P + fiaw (W) O + ' (W) fiy + Trwow(w)p” (w) + Owwp

= O+

Uw(w)2
2

&p = awﬁaw@]) +p,<w)6w
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(A.241)
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Combining,

. 20y (w)
Hp — Op

w)? o ()2 ~
o = P (W)(wi(t) + Aa(t)) + Orp + 0l g i+ (uw(w) -2 i, | ) Ol

2

+ Gpow(w)p” (w)

4 ow(w 3n(w
= p(w)wrt) + Aa(e) - ple)p" (w) 2L 1)

O'yU)
2 2 2 3
+8tﬁ+ Uw(zw) 8wwﬁ+ (/Lw(w) - Uw(w) //( )0w<w) )awﬁ
w O'y

Plugging this into equation (A.241),

2

Jw(w)2 20 (w)

5 OwwD + (Nw (w> -

ow(w 3 _ . /
+p”<w>¥) Du — 1 = 7(1) (plw) — ¢/ (w)w)

. ow(w)3n(w ow(w)?\ .
— P w)al) + (ﬂ’(@w — () Z22) ) () —ap  (A.245)

O'yw U)2

Step 2: the constraint binds. Take values of w for which the constraint binds in the

steady state. The drift and volatility of the wealth are

prw(w, t) = (r(t) — p— Nw + An(t) + pp(w, t)fw (A.246)
ow(w,t) = 0\/op(w,t)w (A.247)

Using market clearing pg(w,t)/og(w,t) = (p(w,t) — 0w)/(p(t)n(w)) and the definition of

or(w,t),

(0. ) = (r(8) — p— Ay + dn(t) + 2L i (p(i” ) _ 1) (A.248)

Gwoy
p(w,t) — Owdyp(w, )

ow(w,t) =

(A.249)
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Expanding,

- owl(w 2 w,
fiw = 7(t)w + A(t) — 2( ) (p( t_

e*n(w) \ Ow
20w(w) (plw.t) |\ . ow(w)?
 on(w) ( fu 1) v Gy’ (4250
2 2
5, = Ty 5 ow(w)” (A.251)
oy Hway

The expressions for expanded drift and volatility of the price process are

fip = O + () Dup + P ()i + Fuworw(w)p” (w) +

o~ Uw(w)Q ~ ~ / ~ Uw(w>2 p(w,t) ~
= 0t P i+ o+ f ) (w7 (0)+ le) - T (P 1) )
/ 200 (w) (plw,?) _ P 0w<w)2 ~ "o (w)G
) ( o (w) ( uw 1) v Gonwy”) o) 4292)
Gp = ow(w)Iyp + P/ (w)Gw (A.253)
The market clearing condition is
—r w,t) = (op(w o 2. b () Ow
:U’P(w7t) +y (t)p( 7t) ( p( 7t) + y) W(t)n(w) (1 p(w,t)> (A'254>

Expanding,

en(w) p(w) ©2n(w) p(w)
(op(w) +0y)? Ow
on(w)  pw)’ (4.255)
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Now using op(w) + oy = ow(w)p(w)/(6w),

e 20u(w) (p) ) owlw)p(w) (plw)
ot ==y (50 -1) =S (1) e
2
L o) (A.256)

pln(w)w
Now compute

Uw(w)2

. 20w(w) (p(w)

G -2 1| =0p+
P on(w) ) v

Owwp + Hw Owp
fw

fip —

) (w0 + Aae) - 50 (P ) o)

B ZJw(w)2 (p(w)
en(w) \ fw

N 1) Oup + /() w%n(w)w

+p//(w)0w(w)&w

Uw(w)2

= atﬁ + awwfj

+ <Nw _ 2ou(w)? <p(w) - 1) +p"(w)gw(w)3) D

en(w) \ Gw oy

+p (w) (wf(t) + in(t) 7w ()" <p(1”’t) . 1> @(t))

~e2p(w) \ Bw

2 3
. (ﬂ(MM —ﬂ’(@w) p (A.257)

©On(w)w Owoy

Plugging,

Owl\w 2 Opwl\w 3 Oyl \Ww 2 w
05+ Db + 0 (uw<w>+ w0 ) - 270 ) (pE )—1>) (A.258)

5 ay p(w) \ w
(ow(?@ (@) — 1) oww)p"(w)
P ( obn(w)w Jway )

= (p(w) —p(w)w)7(t) — p (w) Ai(t)

5 (32 (2 )
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Finally, acknowledging that p(w)/(0w) — p'(w) = oy /ow(w),

5+ 2t () + ) 22 27 (B0 )Y

oy on(w) Ow
(ow@) @ (w) = 1) ow(w)?p"(w)
P ( ©0On(w)w Owoy T) (A.259)

= #(t) (p(w) — p(w)w) — p(w)AR(t) — Tw(w)oy (p w) _ 1) o(t)

©2n(w)

Step 3: putting it together. Now rewrite the equations together. When the constraint

is slack,
ou(w)? ow(w)? ow(w)?
Oy + w<2 S i + (uw(w>+ P (w) “’(jy) 2 “’,L(U ) )awﬁ—rﬁ (A.260)
= 7 (t)(p(w) — p' (w)w) — p (w)Ai(t)

¢ (22t _ ootwPe))

When it binds:

o5+ 22 5 + (Mw(w) by 7o) 2w () (p(“” - 1)> D

2 oy pn(w)  \ Gw
_(ow(w)* (' (w) = 1) gw(w)*p" (w)
T ( ©0On(w)w Owoy T) (A.261)
_ 7 W) — 2 (Ww) — o (w) i _Uw(w)ay p(w) -
= ) p(w) ~ ) — () Ri() - P50 (M) g

At the boundary w,

lim — (@ - w) _1 (A.262)

w—w+0 pn(w) 0
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The coefficient on 0y,p is continuous. Subtracting the w+ and w— limits of A.260 and A.261,

(D) o D) — O
5 wwP (W wwP(W—))
— W (@ Uw(@)?"f](ﬁ) _ Uw(@)277(@) ow(W)oy (p(w) _ ~
B [p( ) oyw = ) (% 1>}(’0(t)
ow(@)?* (' (@) 1) ow(@)*p" (@) |
* [ ©On(w)w - Gwoy ] P (A.265)

Now using the fact that p/(w) = p(w)/(0w) — oy /0w (W), rewrite the coefficient on p:

ow(@)* (' (@) —1)  ow@)*p" (@) _ ow(@)? (p(w) _ 1> ow(@aoy  ow(®@)*" (@)
)

©0n(w)w Owoy ngon(w - Owpn(w Gwoy
ru@? _ ou@oy _ouw@P@) _ 1,
w Owen (W) woy 0
(A.264)
Rewriting the coefficient on 4(t),
[P @ow@)?  ow@)? | ow(@oy (pw)
n(w) — 5t o |7 L
oyw w w*n(w) Ow
1 —\3 —\9 _
_ [P (@)oyw(w) 0w (W) Uw(“’)gy _
= — = A2
ofm) | O 28 = (e (A.265)
Plugging this into the boundary condition equation (A.263),
—\2
7200 G4 — DunP(-)
—\ ~ p(w) p'/(@)aw(@)g Uw(m)2 ow (W) oy
= t) — — — A .266
(n(w)so( /=75 ) { oyW 2 o) ( )
Step 4: distribution. Consider the KFE for g(w,t):
1
dhg(w,t) = = 0w (pw(w, t)g(w,t)) + §aww(0w<wa t)Qg(w,t)) (A.267)
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Expanding,

01§ = —Ow(pw(w)g) + %aww(gw(w)2§) — O (fiw(w)g(w)) + Oww(Gwow(w)g(w)) (A.268)

Having computed p, one can plug fi,, and 6. When the constraint is slack,

2 2

5= ow(w) ow(w)n(w)

w =7 g — T g (A.269)
oo = 20 5 200l 0) ey + A (A:270)
O'y'UJ O'y'l,U
When it binds,
s _ow@?y o ow(w)? (A.271)
Y Owaoy
o 20u(w)? (p(w,t) = ow(w)? (plw,t) 1\ i i
o= (g 1) 8o = Sy (M5 1) 200w+ 3
su(@? [ 20w(w) (pw,t) ]
e o

Aggregate regular country and intermediary wealth deviations are

B(t) = / Gwdw (A.273)
A(t) = —gw@) (A.274)

The US tree price satisfies
p(t)g =n(t) + w(t) — /p(w, t)g(w, t)dt (A.275)
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Expanding,
o=t (1-2) = [ ptwyt~ [ gp(wiav (A.276)

The deviations in the interest rate and the global factor satisfy

O D
r(t) = 5 D (A.277)
P(t) = ya(t) +ny(t) (A.278)

These close the linearized model.

Step 5: numerical procedure. The discrete-time approximation of the PDE for p is

1 1
(40 = ) PO = ot KO+ Tyt 0+ s 00 = 0l +1) (2279
Denoting M7 = (A) — l/dt)*l, My = 1/dt, and M3 = —M; Mo,
p(t) = My Jrhs,r r(t) + Mljrhsm n(t) + M Jrhs,cp ep(t) + M3p(t+1)
Tt T—t
= Z(MS)SMljrhs,r r(t+s)+ Z(M?))SMl Jrhsn n(t + s)
5=0 s=0
T—t
+ Z MS)SMljrhs,go p(t+s)
=0
—t T—t
Z r(t + s) +2Jp, n(t+s)+ Y Jp(s)elt+s) (A.280)
5=0

Here My, My, and Mg have to be corrected to incorporate the boundary condition at w.

The discrete approximation of the KFE for g is

(A ;t> gt+1)=—A1 p,(t) + Ag o (t) + i g(?) (A.281)
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Here the matrix Ay discretizes the operator 0y,-g(w)- , and Ag discretizes Oy - ow(w) - g(w)- .

Denoting My = (Ag + 1/dt)~1, My = —MyAy, Mg = MyAs, and Mg = MyMso,

gt + 1) = Ms pa(t) + Mg o (t) + My g(1)

t—1 t—1
=) (My)* My pu(t — s) + Y (My)* Mg ot — 5) + (My)' " g(0)
s= 0 s=0
t—1
= Z Tgu(s) oyt — )+ Jgo(s) ow(t —s) + (M)~ g(0) (A.282)
s=0

The drift deviations can be written as

po(t) = Jupp(t) + T e(t) + TR n(t) + JHE (1)

= ZJp,r<s>+J,i‘ff$e“55,o r(t + s)

+ ZJ]% +Jdlr60t5 t+8 Z‘]PQO +sz7“ect5 go(t+s)
T—t T—t

= Z Tur($)e(t+8)+ > Tun(s)n(t +5) + > Jupls) @t + ) (A.283)
s=0 s=0

The volatility deviations are

ow(t) = Jopp(t) + JFTr(t) + TG n(t) + JI (1)

= Z Ip.r(s) + deedé r(t+s)

+ ZJp,n(s)Hg};;ecf(ss,o n(t +s) + ZJW )+ Jdireets o | o(t + s)

T—t

_ZJUT r(t+ s) +ZJM n(t+s)+ > Jop(s)e(t+s) (A.284)
s=0
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Plugging,

T—t+s t—1 T—t+s
ZJgu Z Jur(W)r(t —s+u)+ > Jgu(s) Z T (w)n(t — s +u)
s=0
T t—|—3 t—1 T t—l—s
+ZJ9M Z Tup(u) ot —s+u) + Y Jgo(s) Z Jor(u)r(t — s + u)
s=0
T H—S t—1 T— H—s
+ZJ90- Z JonWn(t —s+u)+ > Joo(s) > Jop(u) et —s+u)
s=0 s=0 u=0
+ (Mg)' " g(0) (A.285)

Changing the order of summation,

g(t+1) ZJW W) Jur(u+s—t)r +ZJW w)Jpn(u+ s —t)n(s) (A.286)
+ZJ9'“ u)Jpp(u+s—1) @ +ZJ9, w)Jor(u+s—1t)r(s)

+ZJ97 u)Jopn(u+s—1t)n —|—ZJ90 Jg¢u+s—t)go()+(]\/[g)t_1g(0)
Initial revaluation g(0) comes from the jump in prices: g(0) = Areval p(0), so g(t+ 1) is
g(t+1) Z(]gifﬁﬂmts +ZJg‘ﬁmts +ZJg§f1fpmts ©(s)
+ ZJ;%“,Em (t,s)r(s) + Z Jggm " (t,s)n(s)+ Z Joae (t,5)p(s)

+ ZJreval ¢, S _|_ ereval ¢, S —l— ereval t, S 3) (A.287)
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Here the accumulation Jacobians are
JGecum (¢, s) Z Jou(W) (s =) = JFS(t+ 1,5 + 1) — Jgu(t) Jur(s)  (A.288)
Jgectm(t, s) Z T (W) Ty (u+ s —t) = T3 (¢ + 1,5+ 1) — Jg () Jun(s) (A.289)
Jecum(t, s) Z Jgp(W) Jup(u+s —t) = JGUEM(t+ 1,5 + 1) — Jg u(t) Jup(s) (A.290)
JaCuT(t, 5) Z Jg.o (W) Jor(u+s—1t) = JECU (¢ + 1,5+ 1) — Jy o(t) Jor(s) (A.291)
JgCuT(t, 5) Z Jgo (W) Jon(u+s—1) = JICW(t+ 1,5+ 1) — Jgo(t) Jon(s) (A.292)
TS (t, s) Z Jgo(W)Joplu+s—1t) = JISU (t+ 1,5+ 1) — Jgo(t) Jop(s) (A.293)

The revaluation Jacobians are

Jg?val(t, 5) _ (Mg)tflArevalpr@) (A.294)
Jg%)al(t’ S) _ (Mg>t—1ArevalJp7n(S> (A.295)
Jg,eé)al(t’ s) = (Mg)t—lArevalJp’gO(S) (A.296)

The accumulation Jacobians can be computed recursively. This recursive procedure is the
analog of the fake-news algorithm. The initial conditions are J7975" (¢, 1) = Jg i (t—1)Jpr(0)
and Jg" (1, s) = Jg,u(0)Jyr(s — 1) for r and analogously for n and ¢. The initial condi-
tions for o parts of the Jacobian are identical.

With these Jacobians at hand, it is possible to compute the Jacobian of any moment of

the distribution and any function of w. Specifically, aggregate wealth of the regular countries
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1s
ZW Jtotal 5.t +ZW Jtotal s,t —f—ZW’JtOtal (s,t)p(s) (A.297)

The deviation of the US tree price is

B(1) = w(t): (1 - 9) ~ 1P g(t) — 16" plt)

q P q
IS [((1-2) ) it - Gt 0] o
s=1 ]
1 D ;
T Z; (< N E> Wi Pl) Ty (s,1) = G Jpuls — t)| m(s)
S= .
T R _
1 p
+ Zl ((1 - ,;) W — P’) T (s,8) = G Jp (s — 1) (s) (A.298)
S= a

Here G is the vectorized steady-state density, P is the vectorized steady-state price, and W
is the wealth grid. The convention is that J,,(t —s) = 0 whenever s > ¢, and the same for
n and .
Shocks to output. All equations are very similar when there are shocks to output ()
and D(t) instead of risk-taking capacity 4(t). Indeed, 7(t) only appears explicitly at the very
end in @(t) = yn(t) + ny(t). In case of output shocks, deviations p(t) and n(t) still enter all
equations separately but the relationship is simpler, ¢(t) = yn(t).

One substantial difference is that o(t) directly enters the Kolmogorov backward equa-
tion for risky asset prices, while 5(t) enters the pricing equation for the safe asset. It is

straightforward to add these deviations to all equations.
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