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Abstract

We quantify the impact of the loss of reserve currency status in goods and asset markets. In
goods markets, the loss of seigniorage (1% of GDP per annum) makes American households
spend less, mostly on U.S. goods, leaving an excess supply of U.S. goods to be cleared by a real
depreciation of the dollar. The larger the home bias and the lower the elasticity of substitution
between home and foreign goods, the larger the required depreciation. Standard parameters
imply an 8.8% real depreciation of the dollar. In asset markets, about 50% of GDP in dollar
bonds must be reabsorbed by home investors, raising the U.S. real interest rate. Standard pa-
rameters imply a 90 basis points rise, leading to an aggregate wealth loss of roughly one year
of U.S. GDP.
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The U.S. dollar’s status as the world’s reserve currency confers an “exorbitant privilege” — the
ability of the U.S. to borrow cheaply from the rest of the world by supplying the global economy
with safe and liquid assets. Foreign investors, central banks, and financial institutions around
the world hold Treasurys and other dollar-denominated safe assets not merely for their return,
but for the convenience they provide as instruments of payment, collateral, and value storage.
This global demand compresses U.S. borrowing costs and generates seigniorage revenue to U.S.
entities, giving rise to an exorbitant privilege.

Recent data, however, point to a notable erosion of this privilege. The convenience yield on
public dollar safe assets — the premium investors willingly forgo to hold U.S. Treasuries over
comparable foreign alternatives — has declined sharply since 2022. Foreign ownership of U.S.
public debt has also fallen from roughly 45% to 30% of the outstanding stock, while holdings of
private dollar safe assets have remained comparatively stable. These patterns are consistent with
a partial but meaningful retreat from the dollar’s reserve currency role, concentrated specifically
in the public debt market. We review this evidence in Section 1.

This paper asks the following question: how much would U.S. interest rates and the dollar
exchange rate change if U.S. safe assets were no longer demanded as international liquidity? We
distinguish this question from the well-studied case of transitory convenience yield shocks within
a stable regime. In Jiang et al. (2021), we derive a valuation equation for the dollar exchange rate,

x¢, with convention that a higher x; means a stronger dollar:
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This equation embeds: (1) interest rate differences [E; {Z]-Tzl (rf i ry +j)} ; (2) currency risk pre-

mia E; [Z]-Tzl rptﬂ}; and, (3) convenience yield on dollar safe assets [E; [Z]-T:1 )\f il ]}. The dollar
appreciates when current or future U.S. interest rates increase relative to the foreign interest rates
(rf 41 +j> between t and t + T. Similarly, the dollar depreciates when current or future con-
venience yields )\f i decline between t and t + T, holding the term [E;x;, 7 constant. Under the
assumption that the long-run real exchange rate is stationary, Jiang et al. (2021) estimate that the
transitory variation in the convenience yield component explains between 16% and 28% of the
variation in the quarterly dollar exchange rate over the period from 1988 to 2017.

In this paper, we focus on permanent regime shifts through the term IE;x;. r. We develop a two-
country general equilibrium model in which the dollar exchange rate is determined by the above
components: interest rate differentials, currency risk premia, the convenience yield on dollar safe

assets, and the long-run exchange rate, but the key economics of the model are in the last term



where the long-run exchange rate level is governed by the steady-state demand for dollar liquidity
services.

Ours is a standard international real business cycle model, but it includes a key feature to
capture the role of the U.S. as the safe asset provider to the world: both home and foreign investors
derive liquidity services from holding dollar safe assets. These liquidity benefits lower the yields
on dollar safe assets below those on foreign safe assets, giving rise to a convenience yield. They
also generate a funding advantage for U.S. safe asset issuers, who collect a seigniorage revenue in
proportion to the level of convenience yield and the quantity of dollar safe assets held by foreign
investors. This seignorage is the exorbitant privilege our model identifies with being the reserve
currency and we compute how losing this seignorage will impact equilibrium.

Section 2 uses a calibrated model to compare across two steady states, one where the dollar is
the reserve currency of the world and foreign investors pay a premium in line with historical data
to own dollar assets, and one where the dollar is no longer the reserve currency of the world. This
computation sheds light on two questions: first, it provides an endpoint for bond and currency
markets in a hypothetical world where the dollar is no longer the reserve currency; second, it offers
an estimate of how appreciated the dollar has been historically because of its reserve currency
status.

Our headline result is that the loss of the dollar’s reserve currency status leads to a steady-state
depreciation of the dollar’s real value of around 8.8%, and a 0.9% increase in U.S. real interest rates.
These magnitudes can be understood through the following heuristic steps that capture the key
economic forces at play.

First, using the flow of funds data, we calibrate the net foreign asset position in U.S. safe asset
markets to be around 50% of the U.S. GDP. This number includes foreign ownership of both the
U.S. Treasurys and private dollar safe assets such as bank deposits and investment-grade corpo-
rate bonds. When these assets earn a convenience yield of 2% per annum, the foreign investors
are transferring 50% x 2% = 1% of U.S. GDP per year to the U.S. safe asset issuers in the form
of a seigniorage revenue. In other words, the loss of U.S. reserve asset status leads to a loss of
approximately 1% of GDP of seignorage per year.

Second, we calibrate the home bias and the elasticity of substitution in the goods market ac-
cording to conventional estimates in the trade literature. If the U.S. households were to lose 1%
of GDP seignorage revenue, then they become poorer. Given that they have home bias towards
domestic goods, for goods markets to clear, the relative price of U.S. goods must fall—the dollar

must depreciate in real terms. The size of the required depreciation, with x; the log dollar real



exchange rate (higher x; = stronger dollar), scales approximately as
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where 0,4, is the elasticity of substitution between home and foreign goods and 1 — « is the
consumption-basket weight on foreign goods: if foreign goods make up only 5% of U.S. expen-
diture (1 —a = 0.05), then even a small shift in income between U.S. and foreign households
produces a large swing in the relative demand for U.S. goods. The lever from the trade bal-
ance to the dollar grows as home bias rises. At our baseline calibration (¢ = 0.95, 0349, = 1.5),
the simple approximation gives a depreciation on the order of 1%/(0.05 x 1.5) ~ 13%; the full
general-equilibrium model attenuates this to 8.8% because it accounts for the income effect on
price indices and for the equilibrium response of bond holdings. If the home bias is larger and /or
the trade elasticity is lower than our baseline calibration, the required dollar depreciation will be
larger. Conversely, if the convenience yield on dollar safe assets is lower than our baseline calibra-
tion, the equilibrium change in the trade balance would also be lower and that would attenuate
the required dollar depreciation.

Third, we calibrate the elasticity of demand for safe dollar bonds following Krishnamurthy
and Vissing-Jorgensen (2012) and Koijen and Yogo (2020). If foreign investors no longer hold a
special demand for safe dollar bonds, then roughly 50% of dollar bonds relative to GDP must
be reabsorbed by domestic investors. Given the downward-sloping demand of home investors,
this expansion in their holdings raises U.S. real interest rates. The required interest rate change is
approximately,

AR? ~ Ghopg X A% X sp, ©)

where 0y,,,4 is the curvature of home investors” demand for dollar safe assets (calibrated to 1.75
following Krishnamurthy and Vissing-Jorgensen (2012)), A% is the baseline convenience yield (2%),
and sr is the foreign share of dollar safe assets outstanding (about 25% in 2016). Given these
numbers, the interest rate change is 1.75 x 2% x 0.254 ~ 0.89%. Note that this response is invariant
to « and yy440, confirming that goods-market parameters affect the dollar exchange rate but not
the interest rate, just as bond-market parameters (04,4, A, sp) do not enter Eq. (2). The 0.90%
estimate from the full general equilibrium model is close to this 0.89% approximation and should
be viewed as a lower bound: if the home demand curve were less elastic than implied by our
historical calibration—plausible in a reserve currency loss scenario, where domestic investors’
demand curves may themselves become less elastic—the increase in interest rates would be larger.

It is helpful to contrast the intuition of this mechanism with exchange rate fluctuations driven



by transitory shocks in a stable regime. In the latter case, exchange rate movements are driven
by a financial valuation logic: a currency is expected to depreciate when it is expected to deliver
a higher interest rate, a higher convenience yield, or a lower risk premium. When the long-run
exchange rate level is anchored, this expected depreciation raises the current exchange rate level.
Thus, the drivers of transitory exchange rate variations only affect the deviation of the current
exchange rate relative to the long-run exchange rate level. As these shocks dissipate, we expect
the exchange rate to revert to its long-run level.

By contrast, in the case of a permanent regime shift, the exchange rate movement is driven by
a different logic. The long-run exchange rate level can no longer be considered fixed and itself
becomes a driver of exchange rate variation. Our model shows that both goods and asset market
clearing enter: the long-run exchange rate level must adjust to clear the goods market, given the
change in the relative wealth of the home and foreign investors. As the regime shift permanently
lowers the U.S. households’ relative wealth, the dollar must depreciate in the long run to restore

the equilibrium in the goods market.

Literature. There are a number of recent papers on the dollar, tariffs, and the dollar’s reserve
currency status since the April 2025 shock. On the empirical side, Acharya and Laarits (2025)
and Jiang, Krishnamurthy, Lustig, Richmond, and Xu (2025a) document the decrease in Treasury
convenience yields after the shock, as well as the rise in U.S. interest rates and depreciation of
the dollar. Ostry, Lloyd, and Corsetti (2025) and Pinter, Uslu, and Smets (2025) further trace out
the impact on the dollar and other assets. The findings in these papers are consistent with our
empirical results. On the modeling side, Hassan, Mertens, Wang, and Zhang (2025) and Itskhoki
and Mukhin (2025) examine how models can shed light on the recent episode. Hassan et al. (2025)
ties the increase in U.S. interest rates and the reduction in the dollar’s safety premium directly to
the tariffs and the reduction of U.S. trade flows. Jiang, Richmond, and Zhang (2025c¢) attribute the
long-term strength of the dollar to variations in global savings, monetary policies, and investor
demand. Itskhoki and Mukhin (2025) study optimal tariffs in a model where gross financial po-
sitions are relevant and tariffs give rise to valuation effects. Similar to the present paper and the
results in Jiang et al. (2024a), they note that a convenience yield on dollar safe assets can lead to a
low return on dollar assets and a steady state trade deficit, and likewise the loss of the convenience
yield can depreciate the dollar. Our analysis evaluates these possibilities in a quantitative inter-
national finance model and goes further than both Jiang et al. (2024a) and Itskhoki and Mukhin
(2025).

Our paper also contributes to works on equilibrium exchange rate determination. Itskhoki



and Mukhin (2021); Kekre and Lenel (2024) highlight the role played by market segmentation and
financial intermediation, while Jiang et al. (2021) highlight the role played by bond convenience
yield. All these works focus on exchange rate fluctuations around a long-run level within a stable
regime. By contrast, our paper studies and compares the equilibrium exchange rate levels in two
different steady states. We show that both the economic intuition and the quantitative implications

are different.

1 Dollar Erosion

1.1 Treasury and Dollar Convenience Yields

Consider a world investor who invests in Euros for one year rolling over their funds at the
overnight Euro interbank rate (“€STR”). The investor does a foreign exchange swap to convert
these cash flows at the end of the year into dollars. The package of the investment in the Euro safe
asset and the swap is the payoff on a synthetic safe dollar security. We construct the yield spread
between this package and that of an investment in the 1-year Treasury bill.

Jiang et al. (2021) construct a closely related spread—the difference between G10 1-year gov-
ernment bond yields, swapped from their local currencies into U.S. dollars, and the 1-year U.S.
Treasury bill yield. In their sample from 1988 to 2017, this spread is almost always positive, re-
flecting a premium (“convenience yield”) attached to the safe dollar Treasury bill. They infer,
using a model, that world investors paid an average of 2% per annum to hold safe dollar assets.
We use this 2% number in our calibrated model.

Figure 1 plots the €STR-Treasury spread in green in the recent sample from 2021 to 2025. The
vertical black dashed line on the right is the Liberation day announcement. We can see that the
Treasury convenience yield falls on that day. That is, the Treasury yield rises relative to the Euro
safe asset rate. This fall in the Treasury convenience yield is also unusual, as Jiang et al. (2021)
show, it typically rose during prior periods of financial turmoil.

The green line representing the 1-year Treasury convenience yield turns from positive to neg-
ative in the summer of 2024—an unusual development. Jiang et al. (2021) show that the 1-year
Treasury has almost always carried a convenience yield relative to other G10 safe assets, averag-
ing 22 basis points. Seen in this light, the Liberation Day shock punctuates a trend predating both
April 2025 and the November 2024 election (black dashed line), in which the safe-asset status of
U.S. Treasurys had already been eroding.

The blue line in the figure replaces the Treasury yield with a dollar repo rate, the secured

overnight financing rate (“SOFR”). This dollar rate is based on the yield expected from rolling
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FIGURE 1
TREASURY AND REPO CONVENIENCE YIELDS

Notes: This figure plots the cross-currency Euro/USD basis swap where the reference rates are €STR (Euro secured
financing rate) and either the 1-year Treasury bill or SOFR (dollar secured financing rate).
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FIGURE 2
CROSS-CURRENCY SAFE ASSET BASIS.

Notes: This figure plots the cross-currency basis swap where the reference rates are ESTR (Euro secured financing rate),
DKK LIBOR, Yen unsecured rate versus SOFR (dollar secured financing rate). We plot the time series of different tenors
of the swap. We also plot the cross-currency Euro/USD basis based on U.S. Treasury yield and ESTR.



over a dollar investment in SOFR nightly for one year. Thus, the measure is of a repo-derived
dollar safe asset convenience yield rather than one from the Treasury. We see that this spread has
also fallen over the past year, but has remained positive after the liberation day announcement.
Indeed, it rises upon the liberation day shock perhaps reflecting a shift away from Treasury and
into dollar repo.

Figure 2 plots the dollar repo convenience yield against Danish Krone LIBOR (green) and
Japanese Yen interbank rate (red) as well as the against the Euro safe rate. Although the levels
differ across these currencies, we see that in all cases, the convenience yields on dollar safe assets

relative to that of these other currencies have been declining over the past two years.

1.2 Public and Private Dollar Convenience Yields

Figure 1 indicates that repo convenience yields are higher than Treasury convenience yields for
short-term Treasurys and repo, and that both have fallen relative to Euro safe rates. We now
turn to a within-U.S. comparison. We construct the yield spread between the package of a BBB
corporate bond yield index and investment-grade CDX. The CDS hedge strips out default risk of
the BBB bond yield. The maturity in this package is 10 years. We construct the spread between the
yield on this package and the yield on 10 year Treasurys and the 10 year SOFR swap. The latter
swap is based on overnight SOFR so it reflects the convenience on a short-term security over the
next 10 years. See Mota (2023) and Chumbo and Krishnamurthy (2025) for further details. Under
the assumption that the corporate bond does not contain any convenience, these spreads measure
the convenience yields on both short-term repo and 10-year Treasury bonds for an investor whose
investment universe is U.S. dollar bonds.

Figure 3 plots these series from 2019 to the end of 2025. We see that the short-term repo based
convenience measure has fluctuated around about 90 basis points and is now at similar levels as
it was in 2019 and 2023. However, the convenience yield on long-term Treasury bonds has fallen
steadily since 2023, going from around 90 basis points to 20 basis points. The pattern mirrors that

of the cross-currency spreads we construct in other figures.

1.3 Public and Private Dollar Debt Quantities

Next we turn to quantity data and document a shift in foreign preference for U.S. safe public
and private assets. We construct public and private safe asset supply from the Federal Reserve’s
7.1 Financial Accounts. Public debt consists of two components: marketable Treasury securities
(FGTSL) and Agency/GSE securities, each netted of Federal Reserve holdings to capture only the

supply available to the private sector.
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FIGURE 3
TREASURY AND SOFR SPREADS WITH CDS-HEDGED CORPORATE BONDS

Notes: This figure plots the convenience yields of U.S. Treasury and SOFR relative to CDS-hedged corporate bond
yields. The CDS-hedged corporate bond yields are based on BBB corporate bond yield index and investment-grade
CDX index.

Private debt comprises three components: commercial paper outstanding, investment-grade
corporate bonds, and net short-term bank liabilities. Corporate bonds are scaled by a time-varying
investment-grade share derived from the ICE BofA US Corporate Index (the sum of AAA, AA,
and A market-value weights), which ranges from roughly 40% to 56% over the sample. Net bank
liabilities aggregate four categories of U.S. banking institutions (chartered depositories, foreign
banking offices, banks in affiliated areas, and credit unions), computed as the sum of short-term
liability items (deposits, repos, open market paper, interbank positions) minus asset offsets (repos,
commercial paper, and acceptances held). Total safe asset supply is the sum of public and private
components. We also note that the private safe asset supply is dominated by short-term assets
while public safe assets includes all maturity of Treasurys.

Figure 4 plots the shares of public and private dollar bonds held by foreign investors. Foreign
investors hold a significant share of both public and private dollar bonds, with the share of public
bonds being particularly high in the 2010s. However, the share of public bonds held by foreign
investors declines from nearly 45% in 2016 to 30% in 2025, while the share of private bonds has
remained stable between 10% and 15% over this period. This pattern suggests that foreign in-
vestors have shifted their dollar safe asset holdings away from Treasurys, while their holdings of
private dollar safe assets have remained stable as a share of the total supply. This shift in foreign

demand away from Treasurys is consistent with the decline in the Treasury convenience yield and
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FIGURE 4
SHARE OF PUBLIC AND PRIVATE DOLLAR BONDS HELD BY FOREIGN INVESTORS

Notes: This figure shows the shares of public and private dollar bonds held by foreign investors.

the relative stability of the repo convenience yield.

2 Equilibrium with Eroding Reserve Asset Status

The reduction in the convenience yield on 1-year Treasurys starting in 2023 is consistent with
investors questioning the reserve asset status of U.S. Treasurys. At longer tenors, the Treasury
convenience yields have experienced a secular decline over the past 10 perhaps due to increased
tiscal concerns as the Treasury has increased the supply of Treasurys (Jiang, Richmond, and Zhang
2025b), and foreign investors have shifted their dollar safe asset holdings away from Treasurys to-
wards private dollar safe assets. If U.S. Treasurys are no longer viewed as the world’s preferred
safe asset!, then the status of the dollar as the world’s reserve currency may be called into ques-
tion. Coppola, Krishnamurthy, and Xu (2022) argue that the reserve currency has historically been
housed in the country with the largest supply of safe and liquid government assets. Shifts in the
reserve currency, such as from the Dutch Florin to the British Pound Sterling and from the Pound
to the Dollar, occurred when the safety of investments in these government assets was called into
question and the convenience yield on these government assets fell (Chen et al. 2025). If this is the

case, Coppola, Krishnamurthy, and Xu (2022) predict that the convenience yield on all safe dollar

1f investors around the world grow concerned that their investments in U.S. Treasury bonds may become subject
to “sanctions,” then they may prefer to own financial instruments that are immune to these threats. Stephen Miran, the
chairman of the Council of Economic Advisors, has suggested that foreign investments in Treasurys may be subject to
a user fee.



assets — public and private — would fall and the observed fall in the convenience yield on dollar
repo is consistent with this prediction. Furthermore, if dollar assets are questioned as the world’s
reserve asset, then a shock such as that of liberation day, may lead to a flight away from the dollar
rather than a flight to the dollar. The event-study evidence around liberation day is also consistent
with this hypothesis (Jiang et al. 2025a). Thus, we conclude that the events of the last two years
reflect erosion in the status of the dollar as the world’s reserve currency.

We next turn to quantitatively assessing how the asset markets will re-equilibrate in a world
where the U.S. is no longer the safe asset provider to the rest of the world. That is, where will
exchange rates and interest rates equilibrate in a steady state where the reserve demand for the
dollar completely disappears? The answer to this question helps benchmark where the dollar
and interest rates may settle after the ups and downs of the last several months. It also sheds
direct light on the Miran hypothesis: “The root of the economic imbalances lies in persistent dollar
overvaluation that prevents the balancing of international trade, and this overvaluation is driven by inelastic
demand for reserve assets.”> How much on average had the dollar been “over-valued” and how
much lower have U.S. interest rates been because of the reserve currency status of the dollar?

To answer these questions, we present a calibrated model in which investors have liquidity
demand for dollar safe assets which are produced by the U.S. government and private sector.
The two special economic ingredients that we include to define the role of the U.S. in the world
economy are that, (1) the U.S. net foreign asset position involves a negative position in dollar safe
assets and a long position in foreign assets, consistent with the characterization of the gross asset
position of Gourinchas and Rey (2007); and, (2) the dollar safe assets carry a convenience yield in
line with the estimates in Jiang et al. (2021).

The setup closely follows Jiang (2024) and Jiang, Krishnamurthy, and Lustig (2024a), who pro-
pose an international real business cycle model with a convenience yield on dollar safe assets
to study the U.S. exorbitant privilege and the transmission mechanism for U.S. monetary policy
shocks. The world consists of two countries: a home country (the U.S.) and a foreign country.
Each produces a distinct consumption good. The model abstracts from nominal frictions: the dol-
lar and the foreign currency represent the respective consumption baskets of home and foreign
households, which are composed of both home and foreign goods. Let p; and p; denote the prices
of home and foreign goods in their respective currencies. Let x; denote the log dollar-foreign real
exchange rate, which is the relative price of the home consumption basket in terms of the foreign
basket. A higher x; corresponds to a stronger dollar and a more expensive home consumption

basket. For tractability, we study an endowment economy.

2See Miran, A User’s Guide to Restructuring the Global Trading System.
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Households. Each country is populated by a unit mass of identical households and a govern-
ment. The home households’” consumption basket is a CES aggregation of home and foreign

goods:
1/y
cr = [le’”anlt +(1— a)l’”czlt} )

Households derive utility from consumption and from holding dollar-denominated home
bonds. These dollar bonds provide non-pecuniary benefits captured by a bond-in-utility speci-
fication, following Krishnamurthy and Vissing-Jorgensen (2012); Jiang et al. (2024a). The lifetime
utility of home households is given by

Eg

i&tu (Ct)] , with Ci=c+ %wH(Kbiﬂ + d%/t)l%,
t=0
where 1(-) satisfies the usual properties. The variable by ; denotes the holdings of dollar govern-
ment bonds, while dp; denotes the holdings of dollar private bonds by home households. These
bonds are imperfect substitutes in providing liquidity services, as captured by the CES aggregator
(Kb%,t + d?{,t)%. The parameter p governs the elasticity of substitution between government and
private bonds, and x measures the relative liquidity services provided by government bonds.

Home households derive utility from the liquidity services generated by dollar bonds. The
parameter 1/c determines the elasticity of demand for these liquidity services, while wp captures
their overall importance in utility. For simplicity, we assume that foreign bonds do not provide
convenience benefits.

Each home household is endowed with Dy of private dollar bonds.? These bonds are backed
by the household’s resources in the next period. A key assumption is that the household must

have positive holdings of the dollar bonds and cannot as a result sell more than Dy of the bonds:
bu: >0, dps > 0.

Since the private and public dollar bonds are imperfect substitutes in providing liquidity ser-
vices, their yields can be different. Let r? and ¥ denote the yields on government and private

dollar bonds, respectively. Let r; denote the yield on foreign bonds. The home households are

3 Another way to explain the bonds in our model setup is to say that the U.S. endowment is produced from two
one-period (full depreciation) types of capital: “bond” capital and “equity” capital. The goods produced by the bond
capital is D ; at date t + 1. The bond capital also generates liquidity services for the U.S. household. The household
can sell some of this bond capital to the foreign investor who also generates liquidity services from the bond capital.
But the U.S. household cannot sell more bond capital than it owns; that is, its holdings must be positive.
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subject to the following flow budget constraint, expressed in units of the home consumption bas-

ket:

Pyt + Dpjt + exp(r]_y)br 1 +exp(rf )dm -1+ exp(rf_ — x¢)brs—1 + gt = @
pecr s + piexp(—xt)(1+ v)cps + exp(rf,l)DH,t_l + (bt +duy) +exp(—x;)br s

The left-hand side captures income from the endowment of home goods, proceeds from selling the
bond endowment of Dy 4, returns on bond holdings from the previous period, and a government
transfer g;. The right-hand side captures consumption expenditures, repayment on the bond en-
dowment and new bond purchases. Households pay a proportional tariff v; on the foreign goods
in their consumption bundle, which is rebated back to them.
Foreign households are modeled in a similar way. Their lifetime utility is
Eo ,with G = ¢+ oy exp(xn) (€ (b + (d5,)0) 7"

Y ou(Cy)
t=0

Like home households, foreign households also derive utility from holding dollar bonds, which
requires them to have positive holdings of the dollar bonds: by;, > 0, d};, > 0.

The foreign consumption basket is also a CES aggregation of home and foreign goods:

* \1—n* x \p* 1 $\1—p* ¢ % n* 1
ci = |(a%) (cg)” + (L —a®) 7" (cky) .
We allow the elasticity of substitution between home and foreign goods to differ, i.e.,, 7* # 7.
Doing so allows us to consider the separate impacts of reserve currency status on imports and
exports.

The foreign household’s flow budget constraint is,

pivi +exp(rl_y + x¢)bip -1 + exp(ri_y + x)diypq +exp(riq)br, 1 +8f =
P?C;,t + prexp(x) (1 + V?)C?{,t + exp(xt)(b}‘{,t + d?l,t) + bl*f,t-

Foreign households face no portfolio restrictions on short selling their domestic bonds. In equilib-

rium, they will short-sell foreign bonds and use the proceeds to purchase dollar bonds.

Safe Asset Issuers. Safe dollar bonds consist of the private supply of dollar safe bonds, Dy s,
and one-period, risk-free bonds By issued by the home government. For simplicity, we assume

that the foreign government does not issue bonds.
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The home government’s net revenue consists of net bond issuance and tariff collection:
gt = Brs — Brp-1exp(r_y) + vipi exp(—xi)cr, (5)

which are redistributed to local households via lump-sum transfers. The foreign government’s
net revenue consists of tariff collection only, i.e., gf = v/ prexp(x;)cj;,, which is also rebated to

foreign households.

Market Clearing. The goods markets and the bond markets clear in the usual way:

CHt + Chip = Yt Crt+ CEy =i (6)
bH,t + b?‘[,t — BH,t, dH,t + d}ﬁ‘l,t - DH,t. (7)

The exogenous variables are the goods and bond endowments and tariffs: (y¢, y;, Br,t, D g, Ve, Vi) 52

Appendix A.2 provides the full set of endogenous variables and equilibrium conditions.

2.1 Equilibrium and Steady-State Analysis
We start by substituting the government budget (5) into the home household budget (4) to clarify

the impact of tariffs and reserve currency status. This yields,

Dt + prye + exp(rf_y)bie—1 + exp(ri_y)dp -1 + exp(ri 1 — x1)bri—1 + By — Bu—1 exp(rf_q) =
pecut +exp(—x¢)picrt + exp(r‘f,l)DH,t_l + bt + dp s + exp(—x¢)bry.
)

Tariffs drop out in the budget constraint. We rewrite this expression dropping time subscripts in

the steady state:
(by — BH)(exp(rb) —1)+ (dg — DH)(exp(rd) — 1)+ bp(exp(r*) — 1) = pcy + exp(—x)p*cr — py.

External Balance. Using the home bond market clearing conditions we can further express this

as,

br(exp(r*) — 1) — biy(exp(r’) — 1) — di;(exp(r?) — 1) = pey + exp(—x)p*ce — py. (10)

investment income trade balance
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Home is long br units of foreign bonds paying interest rate r* and short domestic private and
government bonds paying interest rate r* and r?, respectively. If there is a convenience yield on
home bonds, then we will see that ¥’ < r* and ¥ < r*, so that the left-hand side reflects the
investment income or seigniorage that the U.S. receives on its provision of dollar bonds. The
right-hand side is the trade deficit, so that if investment income is positive then there is a trade
deficit in steady state.

The net foreign asset position for the foreign household is,
NFA; = d*H,t + b}},t + bl’f-,t. (11)
In equilibrium br; = —b;/t. Then, in steady state,

by (exp(r*) — exp(rb)> + di (exp(r*) — exp(rd)> — NFA(exp(r*) —1) = pcy + exp(—x)p*cr — py.

income from net portfolio

seigniorage from gross portfolio

(12)

The second term involving the NFA is standard in models: if the home country has some steady
state earnings (payments) from the NFA, then the trade balance will be in surplus (deficit). The
first term involving the gross holdings is special to our modeling of the U.S. as safe asset provider
to the world.*

We are interested in asking how the loss of reserve currency status impacts equilibrium ex-
change rates and interest rates. This will work through the impact on the seigniorage revenue
term b, (exp(r*) — exp(r?)) + dj; (exp(r*) — exp(r?)), both via closing the gap in equilibrium be-
tween r* and 7,74, and on reducing in equilibrium the foreign holdings by, dj;.

We will impose that the NFA = 0 in the steady state which simplifies the exposition. Then, we

can rewrite, (10) as,

by (exp(r*) - exp(rb)) +dy (exp(r*) — exp(rd)> = pcy +exp(—x)p*cr — py, (13)

investment income trade balance

which clarifies that in the steady state, the seigniorage revenue from foreign demand for dollar

bonds (“exorbitant privilege”) funds the trade balance.

“The seigniorage revenue we study in this paper is one of the drivers of the U.S. NFA and its associated exorbitant
privilege. Jiang et al. (2024c) use an asset demand system to provide a comprehensive analysis of the determinants of
the U.S. NFA, and confirm that global savings and investor demand shifts are important drivers of the NFA dynamics.
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Bond and Dollar Pricing. Intertemporal Euler equations pin down interest rates. For the home

households, they are given by

1-0 _ _ I u’ C
1-— wH(Kb’;ﬂ + d‘;{,t) ’ 1d§ﬂ1 =, (5u(,(g;) exp(rf)] ,

— i /
1— cwop (kb + df;{,t)%*lxbg’; = F, PLACEY exp(r?)} ,

u'(Cr)
[ u'(C
1=E; _5u(/((?:;) exp(—Axi1 + 7’t)] ,
and for the foreign households, they are given by
1-0 _ _ [ u'(CF
L= wiy (e (b)f + (d5,)?) 7 () = By 51ﬁ«?5)exp(Ax”l'*rfﬂ
i t
B - [ u'(Cf
1wy b+ (85)) 7 O = B 5 enpan )]
i t
_ [ u/<C?—‘rl) *
1= _5TC?) exp(rt)] .

These expressions can be used to derive the exchange rate valuation equation that is studied

in Jiang et al. (2021). Define the convenience yield foreign investors assign to safe dollar debt as
1-0 1-0 _
M = —log (1= @iy (" (b1 )f + (d,)°) 7 ()P 1) & @iy (0 )f + (@d7,00) 7 (e, )P

Then, we combine the first and third Euler equations for the foreign investor to give,
Axt+1 + rf — 7’;( +/\? =0.

Iterating on this U.LP. condition for T periods gives,

T

d
Xt — Xpyr = Iy LZ (rtﬂ' - Vﬁj)

+ [E;

= j

L d
Ml (14)
=1

This equation is the certainty counterpart of the exchange rate valuation equation derived in Jiang

et al. (2021). In the case of uncertainty, there is an additional risk premium term, giving,

T

d
Xt — Xpir = By lz (Vtﬂ' - ”;:rj)

T

Z TPt+j

j=1

— [E; + [E;

=1

=Y
j=1

Our objective in this paper is to shed light on the terminal exchange rate, x; 7, in (14). Therefore,
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we consider the steady state, in which the Euler equations simplify and give,

1-c

1— wp (kb + ) 7 71l =1 — wiy (" (b3 + (d5)P) 7 H(di)P ! = Sexp(rd)  (15)
1— wp (kb 4+ df) 7 bl = 1 — iy (67 (b3)° + (djy)°) 7 e (b )P = Sexp(rt)  (16)
1=Jdexp(r) (17)

We see that if wy, wj; > 0, i.e,, home and foreign investors derive non-pecuniary benefits from
holding dollar bonds, then the yields on these bonds will be lower than the yield on foreign bonds,
ie, r* > rPand r* > r?. We also see that if w}; falls — that is, foreign demand for dollar bonds
falls — then the dollar bond interest rates r’ and ¥ would rise. This is an effect that has played

out in the world as analyzed in Section 1.

Goods Market Clearing. Households’ intra-temporal consumption choices give,

CHt _ ® < pt >1/(;7—1) a8)
crr 1—a \ pyexp(—x¢)(1+v) !
Cre ( pi >1/("*1) (19)
G 1-a \prep() (14 77) :

with price indices satisfying

4

Ui

1-7 11 1-n01
pr = ol a ey + (1 —a) g,
p =
CHt

] (1=n)/1

Q7 (g )T 4 (1— a*)lﬁ*(catw*] (=

(Cl*f,t)ﬂ*

pi = (@) [

From this equation system, we can see the economics of what will happen if we set wj; to zero.
From equation (13) we see that b}; and d}; will go to zero reducing the investment income/reserve
currency seigniorage of the U.S. In turn, the trade balance must fall. Since the home households’
purchasing power declines while the foreign households’ purchasing power rises, in order to clear
(18) and (19), the foreign goods which are preferred by the foreign households must rise in price
relative to the home goods. Thus, to equilibrate the goods market with a lower trade balance for
home, the dollar must depreciate.

We can gain further intuition for the mechanism by linearizing (18)—(19) around the symmetric
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steady state and combining with goods-market clearing:

1 TB 1
Ax o~ ———— x A2 = 2
Ax <1 — IX) Cirade X ( Y > ’ Otrade 1— ” ( O)

The expression makes the two governing parameters transparent. The factor 1 — « in the de-
nominator is the consumption-basket weight on foreign goods: if foreign goods make up only a
small fraction of U.S. expenditure (i.e., small «), then even a small shift in the relative purchasing
power between U.S. and foreign households — the real exchange rate — produces a large swing in
the relative demand for U.S. goods. The factor oy,,4, in the denominator is the trade elasticity: if
households are reluctant to substitute between home and foreign goods (low ¢,,44.), then more of
the adjustment has to come through prices rather than quantities. The closed-form linearization
gives a magnitude that the full general-equilibrium model attenuates by roughly half because of
price-index effects on real consumption, but the qualitative dependence on («, 77) is preserved (see
Table 3).

A parallel linearization of the home Euler equation for safe dollar bonds delivers an analogous
heuristic for the interest-rate response. Consider the bond price equation where we set p = 1 and
x = 1in the bond aggregator. Then, A? = wy(By + Dy) ™7 and the convenience yield satisfies
dlog Mz —od log Qn, where Qg = By + Dy is the home-investor holding of dollar safe assets.
When foreign investors exit, home investors absorb the foreign share sr of outstanding bonds, so
dlog Qn ~ sr. The change in the real interest rate is the negative of the change in the convenience
yield, giving

AR? ~ o x A x sp. (21)

A larger value of ¢ — more inelastic bond demand — or a larger foreign share of dollar bonds (sr),
or a larger baseline convenience yield (A), all lead to a larger response in interest rates. Because
the private and public dollar bonds are not perfect substitutes, this linearization is not exact, and
the interest rate on the two bonds each move a different amount. However, this effect is relatively

minor, as will be demonstrated, and the linearization well captures the overall impact.

2.2 Quantification

We consider a range of parameter values to quantify the impact of the loss of reserve currency
status on interest rates, exchange rates, and external imbalances. Our baseline calibration assumes
that the U.S. dollar bond (both private and government) enjoys a 2% convenience yield based on
the estimates in Jiang, Krishnamurthy, and Lustig (2021). Using an international asset demand

system, Koijen and Yogo (2020) estimate a convenience yield of 2.71% for U.S. long-term debt.
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Appendix A.3 presents results based on calibrating to their estimates. There is evidence that the
private bond has a smaller convenience yield than the government bond (Krishnamurthy and
Vissing-Jorgensen 2012). We are setting aside this difference based on the result from Jiang et al.
(2021) that the bulk of the convenience yield stems from safe bonds whose payoffs are in dollars.
We choose ¢ to target the semi-elasticity of the bond convenience yield with respect to the log
quantity of bonds based on results in Krishnamurthy and Vissing-Jorgensen (2012). More pre-
cisely, Table 1 of the paper reports that a one log point increase in debt/GDP ratio leads do a
decline in the AAA-Treasury spread of 0.89 basis points. They also report that the convenience
yield of Treasury bonds relative to AAA corporate bonds is 0.47% in their sample (i.e. AAA bonds
also carry a convenience yield). For our computation what is important is the overall convenience

yield on Treasury bonds not the relative convenience yield. Given our estimate of a 2% conve-

Variable Notation =~ Value
Primitive Parameters

Time discount factor o 0.975
Risk aversion 0% 2.0
Home elasticity of substitution n 1/3
Foreign elasticity of substitution n* 1/3
Public-private bond substitution 0 0.65
Targets

Annual convenience yield 2%
U.S. public bond /GDP ratio Br 94%
Share of public bond held by foreign investors by ,/But  39%
U.S. private bond /GDP ratio Dy 111%
Share of private bond held by foreign investors  dy;,/Dp;  14%
Net foreign assets/GDP NFA; 0%
Import+export/GDP 9.83%
Estimated Parameters

Home bias « 0.95
Bond curvature o 1.75
Home investor bond preference wH 14.50%
Home investor public bond preference K 0.84
Foreign investor bond preference Wiy 2.97%
Foreign investor public bond preference K* 1.35

TABLE 1
MODEL PARAMETERS

Notes: The model is simulated at the quarterly frequency. We report annualized values for the discount factor and

convenience yield.
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nience yield on Treasurys, we scale up the semi-elasticity by 200/47, or approximately 4 x0.89. To
target this empirical estimate, we perturb the steady state by increasing the home bond supply
by 1% in log terms. When the bond curvature parameter ¢ is equal to 1.75, we obtain the desired
semi-elasticity as found in the data.’

We choose p based on the estimates from Krishnamurthy and Li (2023), who estimate the elas-
ticity of substitution between Treasury bonds and bank deposits and find them to be imperfect
substitutes.

On the quantity side, we use data from the Federal Reserve’s Flow of Funds to estimate the to-
tal supply of U.S. safe debt and the portion held by foreign investors, calibrating our model to val-
ues from Q4 2016. Section 1.3 provides a detailed discussion of the data construction. We classify
Treasury securities and agency securities as public safe debt, and commercial paper, investment-
grade corporate debt, and net short-term bank liabilities as private safe debt.® When calculating
total supply, we exclude holdings by the Federal Reserve from these four categories.

To measure foreign holdings, we use the Flow of Funds data on foreign asset holdings across
the relevant categories. Based on these calculations, the total supply of public safe U.S. dollar
assets amounts to 94% of GDP in Q4 2016, with foreign investors holding 39% of that total. The
total supply of private safe U.S. dollar assets amounts to 111% of GDP, with foreign investors
holding 14% of the total.

These estimates inform wp, wj;, x, and k* in our model, which we report in Table 1. We observe
that the home investor’s bond preference wy is substantially higher than the foreign investor’s
bond preference wj;, which is consistent with the fact that U.S. safe assets are primarily held by
domestic investors. The home investor’s preference for government bonds « is lower than the
foreign investor’s preference «*, which helps explain why foreign investors hold a higher share of
government bonds than private bonds.

On the trade side, we present two calibrations. We present results for 7 = n* = 1/3 following
Itskhoki and Mukhin (2021). There is empirical evidence of a higher import elasticity in the U.S.
for foreign goods relative to the export elasticity for U.S. goods (Chinn 2004). We also present a
calibration with 7 = 2/3,7* = 1/3. The value of 7 = 1/3 corresponds to a trade elasticity of
1.5. This estimate sits at the upper end of the range found in the literature, reflecting the model’s

economics, which favor a larger long-run trade elasticity.

5 Alternatively, to target the Koijen and Yogo (2020) estimates we need a ¢ of 3.17 instead of 1.75, or a more inelastic
demand curve. Appendix A.3 reports the numerical results using this parameter value. The convenience yield response
in the scenario of convenience loss is greater.

®When we consider short-term bank liabilities to be safe U.S. dollar assets we include four types of issuers: U.S.-
chartered depository institutions, foreign banking offices, banks in U.S.-affiliated areas, and credit unions. For each of
these banking sectors, we compute net short-term liabilities by subtracting short-term assets from short-term liabilities.
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Note that imports and exports in the data include both final goods and intermediate input
goods, while consumption in our model is final goods. We use 2016 U.S. data to target the sum of
U.S. imports and exports times the share of final goods in international trade, which yields 9.83%
of U.S. GDP. This value implies a home bias parameter « of 0.95. We calibrate based on a 50% ratio
of intermediate goods to total goods following Itskhoki and Mukhin (2021).

2.3 Full Convenience Loss

Tables 2 presents the first set of results. In both panels, we present the baseline calibration in
Column (1). Both public and private U.S. dollar bonds enjoy a 2% convenience yield, which con-
tributes to the “exorbitant privilege” of the U.S. and allows for a trade deficit of 1.05% of GDP
in steady state. This seigniorage revenue increases the U.S. purchasing power and allows for a
stronger dollar than parity. The model also replicates the foreign investors” holdings of U.S. dol-
lar bonds as of Q4 2016, with foreign investors holding more public U.S. bonds than private U.S.
bonds.

Then, we compute a counterfactual where we set wj; = 0, capturing a scenario where foreign
demand for both public and private dollar safe assets disappears. Note that we maintain the U.S.
(home) demand for U.S. dollar assets at wpy as in the baseline. In panel (a), we set = 1/3,
n* = 1/3, while in panel (b) wesety =2/3,7* =1/3.

In both cases, the drop in foreign demand for dollar bonds increases U.S. interest rates.” The
rate increase occurs because the U.S. investor reabsorbs the dollar bonds and, given downward
sloping demand, requires a higher interest rate. The interest rate on public dollar bonds rises by
87 bps, while the interest rate on private dollar bonds rises by 72 bps.

Despite the increase in U.S. interest rates, the dollar depreciates in real terms. This occurs
because of the loss of seigniorage revenue. We see that the trade balance closes from —1.05%
of GDP to zero, reflecting the loss in the exorbitant privilege. In the case of panel (a), the foreign
reserve demand implies a change in the dollar of 8.81%. When we increase the U.S. trade elasticity,
as in panel (b), the impact on the dollar is as expected smaller at 5.12%. The higher trade elasticity
means that the exchange rate has to adjust less to accommodate the change in the trade balance.

These magnitudes are consistent with the linearization from trade balance to dollar in (20). In
panel (a), 0090 = 1/(1 —1/3) = 1.5and 1 — a = 0.05, so the linearization yields a depreciation of
1/(0.05 x 1.5) ~ 13 percentage points per percentage point of trade-balance change; the full model

gives a multiplier of about 8.4 (= 8.8%/1.05%). In panel (b), (Tga Je = 3 raises the denominator and

"The foreign interest rate is not reported and remains unaffected at 2.5% (the discount factor) because we do not
consider that loss of demand for dollars may result in a rise in demand for foreign currency bonds.
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Panel (a): Baseline Elasticity Calibrationy = n* =1/3
(1) (2) (3)

Baseline Convenience Loss Difference

Log Dollar FX (%) 8.81 0.00 -8.81
Conv Yield Govt (%) 2.00 1.13 -0.87
Conv Yield Private (%) 2.00 1.28 -0.72
Seigniorage/GDP (%) 1.05 0.00 -1.05
Govt Debt Held Abroad/GDP (%) 36.64 0.00 -36.64
Private Debt Held Abroad/GDP (%) 15.42 0.00 -15.42
Foreign Debt Held by U.S./GDP (%)  56.85 0.00 -56.85
Govt Dollar Interest Rate (%) 0.53 1.40 0.87
Private Dollar Interest Rate (%) 0.53 1.25 0.72
Trade Balance/GDP (%) -1.05 0.00 1.05
Import/GDP (%) 5.44 5.14 -0.30
Export/GDP (%) 4.39 5.14 0.74
H Goods Consumed by H (%) 95.61 94.86 -0.74
F Goods Consumed by F (%)  94.00 94.86 0.86
NFA /GDP (%) 0.00 0.00 0.00

Panel (b): Asymmetric Trade Elasticity Calibration =2/3,1* =1/3

Baseline Convenience Loss Difference

Log Dollar FX (%) 5.12 0.00 -5.12
Conv Yield Govt (%) 2.00 1.13 -0.87
Conv Yield Private (%) 2.00 1.27 -0.73
Seigniorage/GDP (%) 1.05 0.00 -1.05
Govt Debt Held Abroad/GDP (%)  36.64 0.00 -36.64
Private Debt Held Abroad/GDP (%) 15.42 0.00 -15.42
Foreign Debt Held by U.S./GDP (%)  54.80 0.00 -54.80
Govt Dollar Interest Rate (%) 0.53 1.40 0.87
Private Dollar Interest Rate (%) 0.53 1.26 0.73
Trade Balance/GDP (%) -1.05 0.00 1.05
Import/GDP (%) 5.44 4.83 -0.61
Export/GDP (%) 4.39 4.83 0.44
H Goods Consumed by H (%)  95.61 95.17 -0.44
F Goods Consumed by F (%)  94.24 95.17 0.93
NFA /GDP (%) 0.00 0.00 0.00
H Log Consumption 0.01 0.00 -0.01
F Log Consumption  -0.01 0.00 0.01
TABLE 2

STEADY-STATE RESULTS WITH FULL CONVENIENCE LOSS
Notes: The model is calibrated at the quarterly frequency. The convenience yield and interest rate are annualized. In

panel (a), trade elasticity is 7 = #* = 1/3 following Itskhoki and Mukhin (2021); in panel (b), we sety =2/3,5* =1/3
to capture the higher import elasticity for foreign goods relative to the export elasticity for U.S. goods.
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roughly halves the realized multiplier to 5.7 (= 5.94%/1.05%). The full table of sensitivities is
reported in Table 3.

The table makes clear that the dollar response is approximately linear in 1/[(1 — &) 04| Two
takeaways follow. First, the 8.8% headline could be larger: under a defensible recalibration of «
that excludes services and capital goods from the consumption trade share (which would push
the consumption-relevant trade share below 5% of GDP and thus « above 0.97), the implied dollar
response rises to 17% or more.

Second, the interest-rate response of 87 bps is robust across calibrations, because it is pinned

Panel (a): n = 1/3 (04040 = 1.5)
Sensitivity of dollar response to home bias « and trade elasticity y,5. = 1/(1 — 1)

« Trade/GDP (%) Alogx Arb
0.93 13.56 —5.92 +0.87
0.95 9.84 —8.81 +0.87
0.97 5.57 —17.00 +0.86
0.98 3.61 —27.66 +0.86

Panel (b): n = 1/2 (04040 = 2)
Sensitivity of dollar response to home bias « and trade elasticity oy,,q. = 1/ (1 —17)

« Trade/GDP (%) Alogx (%) Ar? (%)
0.93 13.72 —-3.95 +0.87
0.95 9.84 —5.94 +0.87
0.97 5.75 —11.04 +0.87
0.98 3.79 —17.59 +0.87

Panel (c): 1 = 1/3, a and a* recalibrated
Sensitivity of dollar response to the size of the rest of the world relative to the LLS.

Y*/Y o« Alog x (%) AT (%)
1.00 0.95 —8.81 +0.87
2.00 0.96 —9.08 +0.87
3.00 0.96 —9.19 +0.87
4.00 0.96 —9.27 +0.87

TABLE 3

SENSITIVITY OF THE STEADY-STATE DOLLAR RESPONSE TO HOME BIAS, TRADE ELASTICITY,
AND RELATIVE COUNTRY SIZE

Notes: Trade/GDP is the model-implied imports plus exports as a share of U.S. GDP (data target is 9.83%, corresponding
to & =~ 0.95 in our headline case). Alogx is the log change in the dollar real exchange rate from baseline to the no-
reserve-currency steady state, and Ar? is the corresponding change in the U.S. government real interest rate. The
interest-rate response is invariant to all three dimensions, since it is governed by the bond-demand elasticity rather
than the goods-market parameters. In Panel (c), « = a* is recalibrated to preserve the U.S. trade target as Y* is scaled.
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down by the bond-demand elasticity rather than goods-market parameters. The appendix con-
siders a variant of the model where we use the bond-demand elasticity from estimates of Koijen
and Yogo (2020). The 87bps estimate is also close to the linearization formula in (21). If we take
o = 1.75 as calibrated to Krishnamurthy and Vissing-Jorgensen (2012), AY = 2% as the baseline
convenience yield, and sy ~ 25% as the foreign share of outstanding dollar safe assets, then we
find a change of 1.75 x 2% x 0.25 ~ 89 bp, essentially matching the model’s 87 bp on Treasurys
(the private-bond rate moves a bit less, 72 bp, because of the cross-elasticity between the two safe
assets in the CES aggregator). Unlike the exchange rate linearization, this approximation is nearly
exact because the bond-demand block of the model is close to a partial-equilibrium pricing kernel
for a CES aggregator.

Panel (c) addresses a separate concern: our baseline calibration normalizes home and foreign
output to Y = Y* = 1, but in fact the rest of the world is roughly three times the size of the U.S.
in GDP. We re-solve the model with Y*/Y € {2,3,4} and recalibrate « and a* to preserve the U.S.
trade target. All other data targets, including the foreign holdings of 52% of U.S. GDP in dollar safe
assets, are unchanged. The quantitative results are essentially invariant to this size concern: the
dollar response moves only slightly, from —8.8% at Y* = Y to —9.3% at Y* = 4Y, and the interest-
rate response is unchanged. The intuition is that the U.S.-side moments (trade flows, seigniorage
transfer, foreign holdings, all denominated in U.S. GDP units) are the central ingredients in the
calibration, and the rescaling of Y* is offset by the higher home bias a* on the foreign side. If
anything, the size-asymmetric calibration mildly amplifies the dollar response, because foreign
households’ larger home bias a* ~ 0.96 further limits the substitution from foreign to home goods.

These computations come with a caveat: our model and hence our computation are for the

long-run real exchange rate. Returning to the valuation equation,

T

d
Xt — Xpyr = By LZ (rtﬂ' - V?ﬂ‘)

T

Z TPt+j

j=1

— E; + [E;

)

u d
)» M]-] :
j=1

We compute how x;; 1 changes for a large T. The current exchange rate x; will price in any shifts in

d .
t+j

in the perceived risk premium on the dollar. If the loss of the reserve currency status triggers

monetary policy (via 7 +j)» changes in the path of convenience yields (via Ay, j), as well as changes
broader sales of U.S. assets beyond the safe asset market, the dollar could further weaken, es-
pecially when this shock also coincides with a tightening of the constraints of global financial
intermediaries that tend to intermediate these asset markets. These factors will affect today’s ex-
change rate as well as the path of exchange rates along a transition path to a new steady state.

Lastly, we only consider real exchange rates, and any shifts in the price level due to inflationary
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concerns can also be expected to impact the trajectory of the dollar.

Our steady-state analysis abstracts from these transition dynamics, and should therefore be
thought of as measuring the direct effect of the loss of the reserve currency status on the real value
of the dollar.

Moreover, to the extent that foreign investors also derive a quasi-convenience yield on other
U.S. assets, such as equities especially in the tech sector, the same mechanism will also lead to
a seigniorage revenue and magnify the impact on the dollar exchange rate. Specifically, in 2016,
foreign investors held 6.2 trillion dollar, or 33% of U.S. GDP, in U.S. equities. If the foreign in-
vestors are willing to hold these assets at a premium, U.S. firms’ cost of capital would be lower.
Koijen and Yogo (2020) estimate the equity convenience yield paid by foreign investors to be 0.5%
per annum, which is a quarter of the magnitude that we assumed for the convenience yield on
U.S. dollar bonds. Then the seigniorage revenue from the equity market is 0.17% of GDP, which
increases our seigniorage revenue estimate from 1.05% to 1.22% of GDP every year. Conversely,
if the loss of U.S. reserve currency status also coincides with foreign investors withdrawing this
funding advantage to the U.S. corporate sector, the impact on the dollar exchange rate will be

about 16% larger than what we estimate in our baseline case.

2.4 Debt Expansion and Asymmetric Public and Private Flows

Our experiment of the last section does not identify what causes wj; to fall to zero. There have
been many changes over the last three years ranging from domestic factors, both monetary and
tiscal, and international factors such as trade and foreign policy. This section zeroes in on fiscal
policy.

The patterns we document are suggestive that the trends in bond and currency markets are
connected to trends in the U.S. Treasury market and the fiscal health of the U.S. government. That
is, as deficits and debt in the U.S. have ballooned, the demand for long-term Treasurys as a safe
asset has fallen. Foreign investors have retrenched from both long-term Treasurys and overall
dollar safe assets. We next investigate this chain through the lens of the model of the next section.

We emphasize at the outset, however, that our analysis is designed to only quantify the conse-
quences of this scenario. Neither the model nor the data can identify the deteriorating U.S. fiscal
position as the primary factor behind the trends we document.

We present three steps. First, we consider the pure effect of an increase in the quantity of
U.S. public debt. Second, we consider the impact of a reduction in home and foreign investors’
preference for U.S. public debt relative to private bonds. Last, we consider the impact of an overall

reduction in foreign investors” preference for U.S. safe assets. The modeling exercise clarifies that
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these three factors can generate the observed trends in interest rates and exchange rates.

Step 1: Public Debt Expansion. In our baseline case, we calibrate our model based on the data
in Q4 2016, when the total supply of public safe U.S. dollar assets amounts to 94% of GDP, with
foreign investors holding 39% of that total, and the total supply of private safe U.S. dollar assets
amounts to 111% of GDP, with foreign investors holding 14% of the total.

For the counterfactual scenario after debt expansion, we use the CBO projection made in 2026
for the U.S. public debt, which projects that the public debt will reach 120% of GDP by 2036.
We assume that the agency debt/GDP ratio will remain constant. As a result, the total supply of
public safe U.S. dollar assets increases to 155% of GDP, representing a 61 percentage point increase
from the baseline in 2016. We also assume that the private debt/GDP ratio remains constant at
111% of GDP.

Column (2) in Table 4 reports the results. Panel (a) uses the symmetric trade elasticity calibra-
tion, while panel (b) uses the asymmetric trade elasticity calibration. In both cases, we see that the
expansion of public debt alone leads to a decline in both the public and the private U.S. bond’s
convenience yield. The reductions in these convenience yields are large enough to dominate the
impact of the increase in the quantity of public debt, leading to a decline in the U.S. seigniorage
revenue (i.e. “p x g” falls despite g rising). Through the mechanism we discussed in the context
of Eq. (13), the decline in seigniorage revenue leads to a real depreciation of the dollar and an
improvement in the trade balance. The real depreciation is 8.81 — 7.12 = 1.69% in panel (a) and
512 —4.19 = 0.93% in panel (b). In terms of debt holdings, the expansion of U.S. public debt is
absorbed by both U.S. and foreign investors. For foreigners, their holdings of U.S. public debt
increase from 36.64% of GDP to 55.46% of GDP in panel (a). Driven by the overall decline in the

convenience yield of U.S. safe assets, foreign investors hold slightly less private U.S. debt.

Step 2: Reduction in Foreign Investors’ Preference for U.S. Safe Assets. The expansion of pub-
lic debt alone leads to an increase in foreign holdings of public dollar debt, which also crowds
out foreign holdings of private dollar debt. This does not capture patterns in the data. Foreign
investors must reduce their overall preference for U.S. safe assets. To capture this effect, we start
from step 1, and reduce the foreign investor’s preference parameter wj; by 75% from its baseline
value, while holding the home investor’s preference parameter wy fixed at its baseline value.
Column (3) in Table 4 reports the results. The reduction in the foreign investors’ preference for
U.S. safe assets reduces the convenience yields of both public and private U.S. bonds relative to

step 2. The U.S. seigniorage revenue declines sharply, leading to a real depreciation of the dollar
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Panel (a): Baseline Elasticity Calibrationy = n* =1/3

) (2) ®) (4)

Baseline Debt Expansion wj; Reduction x* Reduction

Log Dollar FX (%) 8.81 7.12 2.82 3.27

Conv Yield Govt (%) 2.00 1.18 0.89 0.91

Conv Yield Private (%) 2.00 1.42 1.14 1.19
Seigniorage/GDP (%) 1.05 0.85 0.35 0.40
Govt Debt Held Abroad/GDP (%)  36.64 55.46 30.29 27.62
Private Debt Held Abroad/GDP (%)  15.42 13.69 6.42 12.30
Foreign Debt Held by U.S./GDP (%)  56.85 74.25 37.76 41.25
Govt Dollar Interest Rate (%) 0.53 1.35 1.64 1.62
Private Dollar Interest Rate (%) 0.53 1.11 1.40 1.34
Trade Balance/GDP (%) -1.05 -0.85 -0.35 -0.40
Import/GDP (%) 5.44 5.38 523 5.25

Export/GDP (%) 4.39 4.53 4.89 4.85

H Goods Consumed by H (%) 95.61 95.47 95.11 95.15

F Goods Consumed by F (%)  94.00 94.17 94.60 94.56

NFA /GDP (%) 0.00 0.00 0.00 0.00

Panel (b): Asymmetric Trade Elasticity Calibration =2/3,n* =1/3

Baseline Debt Expansion wj; Reduction x* Reduction

Log Dollar FX (%) 5.12 4.19 1.71 1.98
Conv Yield Govt (%) 2.00 1.18 0.89 0.91
Conv Yield Private (%) 2.00 1.42 1.13 1.19
Seigniorage/GDP (%) 1.05 0.85 0.34 0.40
Govt Debt Held Abroad/GDP (%)  36.64 55.46 30.29 27.62
Private Debt Held Abroad/GDP (%)  15.42 13.69 6.42 12.30
Foreign Debt Held by U.S./GDP (%)  54.80 72.11 37.34 40.72
Govt Dollar Interest Rate (%) 0.53 1.35 1.64 1.62
Private Dollar Interest Rate (%) 0.53 1.11 1.40 1.34
Trade Balance/GDP (%) -1.05 -0.85 -0.34 -0.40
Import/GDP (%) 5.44 5.32 5.03 5.06
Export/GDP (%) 4.39 447 4.68 4.66
H Goods Consumed by H (%) 95.61 95.53 95.32 95.34
F Goods Consumed by F (%) 94.24 94.42 94.88 94.83
NFA /GDP (%) 0.00 0.00 0.00 0.00
TABLE 4
STEADY-STATE RESULTS WITH DEBT EXPANSION AND ASYMMETRIC PUBLIC AND PRIVATE
FLOwS

Notes: The model is calibrated at the quarterly frequency. The convenience yield and interest rate are annualized. In
panel (a), trade elasticity is 7 = #* = 1/3 following Itskhoki and Mukhin (2021); in panel (b), we sety =2/3,5* =1/3
to capture the higher import elasticity for foreign goods relative to the export elasticity for U.S. goods.
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and an improvement in the trade balance.

What this exercise misses is the difference between public and private dollar assets. A uni-
form reduction in the foreign investors’ preference for U.S. safe assets leads to reduction in their
holdings of both public and private U.S. bonds, whereas the data show that the decline in foreign

holdings is more pronounced for public U.S. bonds than private U.S. bonds.

Step 3: Reduction in Foreign Investors” Public Bond Preference. The uniform reduction in
holdings of U.S. safe assets leads to a significant fall in holdings of private safe assets. The data
suggest that those holdings are stable and moreover that the convenience yield on public assets
fall more than that of private assets. To capture this differential preference we next reduce x* by
25% from its baseline value, while holding the bond preference parameter « fixed at its baseline
value. This experiment is consistent with the theory we cited earlier (Coppola et al. 2022), where a
reduction in perceived safety of public assets is coupled with a withdrawal from all dollar assets.

We also maintain the expanded public debt quantity from step 1 and the reduction in wy and
wy; from step 2. In other words, while step 2 emphasizes the asymmetry between home and
foreign investors, this step emphasizes the asymmetry between public and private U.S. bonds.

Column (4) in Table 4 reports the results. Compared to step 2 reported in Column (3), we see
a moderate increase in the convenience yield of public U.S. bonds, and a larger increase in the
convenience yield of private U.S. bonds. This is because a reduction in x* has two effects. First,
it increases the relative desirability of private U.S. bonds relative to public U.S. bonds to foreign
investors. Second, it reduces the effective aggregate supply of safe assets, because the public U.S.
debt produces less liquidity services.

The second effect is important, because it effectively reverses the effect of debt expansion in
step 1. The private U.S. debt disproportionately benefits from the reduction of aggregate liquidity,
leading to a greater increase in its convenience yield. Since the U.S. enjoys the monopoly of issuing
both public and private safe assets, its seigniorage revenue actually increases relative to step 2,
despite the reduction in the desirability of its public debt. As a result, the dollar’s real exchange
rate appreciates and recovers from the depreciation in step 2.

On the quantity side, the reduction in «* leads to a significant decline in foreign holdings
of public U.S. bonds, while their holdings of private U.S. bonds increase. This pattern helps us
understand the data, which show a more pronounced decline in foreign holdings of public U.S.
bonds than private U.S. bonds.

Taking stock, our analysis highlights that the impact of the U.S. fiscal deterioration is through

a nuanced channel: the loss of confidence in U.S. public debt is coupled with a broader foreign
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sale of all U.S. safe assets. The latter is necessary to generate a large enough decline in the U.S.

seigniorage revenue to cause a significant depreciation of the dollar.

2.5 Present Value of Exorbitant Privilege

The fall in the value of the dollar and rise in U.S. interest rates imply an effective loss of “wealth” of
the U.S. household. We can size the impact of the scenario on wealth by computing the lost present
value of exorbitant privilege when wj; = 0. Given that the U.S. bond enjoys a convenience yield
of 2%, and that the foreign investors hold 52% of U.S. GDP in public and private dollar bonds,
the U.S. earns a seigniorage revenue of 52% x 2% = 1.04% of GDP per year. We can compute the
present value of this claim to translate it into a “wealth” equivalent. In our model, the discount
rate is 2.5% and we could use this rate to compute the present value. However, we step outside
our model for this computation and take the more relevant case where the stream is risky and the
discount rate reflects GDP risk. We take two approaches.

In our first approach, we note that the exercise is identical to that done in Jiang et al. (2024b)
where the computation is of the present value of the stream of fiscal surpluses, where the fiscal
surplus is cointegrated with GDP (and hence as risky as GDP). Following that paper, we use a
risk-adjusted discount rate of 4.68% (which includes a 3% risk premium on GDP claims) and a
growth rate of 2.95% per year, which leads to a discount rate of 4.68% — 2.95% = 1.73%. Then, the
present value of the exorbitant privilege is

seigniorage  1.04%

r—g i73% 0%

of U.S. GDP or roughly $18 trillion in today’s dollars. The U.S. has an “asset” worth $18 trillion
and the dividend on this asset finances part of the trade balance. If reserve demand for the dollar
was to disappear, then the U.S. would effectively lose $18 trillion of wealth.

The previous computation is based on Jiang et al. (2024b) estimates of r and g from historical
data (sample from 1947-2020). In our second approach, we are interested in computing the current
present value, so the appropriate strategy is to estimate discount and growth rates prospectively.
To do so, we follow 2025 AQR’s capital market assumptions for major asset classes. We use AQR'’s
current estimates from www.aqr.com. For U.S. large cap equities, they assume a dividend yield
of 3.3% — 1.8% = 1.5%, based on a discount rate of 3.3% and a growth rate of 1.8%. Using their
prevailing U.S. risk-free rate (U.S. cash return) of 1.7%, this corresponds to an equity risk premium
of 1.6%. Assuming that the GDP claim is 2/3 as risky as the equity claim, the GDP risk premium
is 1.6% x 2/3 = 1.07%. So, the r — g for the GDP claim is 1.7% + 1.07% — 1.8% = 0.97%. The
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present value of the exorbitant privilege is

seigniorage  1.04%

= = 107%
r—g 0.97% 077

or roughly $33 trillion.

2.6 Tariff and Convenience Loss

We next consider a case where the U.S. and the foreign country impose a 15% tariff on each other’s
goods and the U.S. loses its convenience status. The results are reported in Table 5. We report four
cases. In Column (1), we report the baseline case as above, with no tariff and U.S. dollar bonds
enjoying a convenience yield. In Column (2), we report the case where both countries impose
a 15% tariff on each other’s goods, but the U.S. dollar bonds still enjoy a convenience yield. In
Column (3), we report the case where both countries impose tariff, and the U.S. dollar bonds lose
their convenience yield. In Column (4), we report the difference between Column (3) and Column
(2) to isolate the effect of losing the convenience yield from the effect of imposing tariffs.

Panel (a) reports the results with symmetric elasticities, which reflect the same depreciation
in the dollar and rise in interest rates as in our baseline case with no tariffs. In the presence of
tariffs (Column (2)), while the U.S. bonds enjoy similar magnitudes of convenience yields as in the
baseline case, and hence similar seigniorage revenues, the dollar is even stronger. This is because,
as tariff makes both countries effectively more closed, more exchange rate adjustment is needed
to equilibrate with the same level of trade balance as driven by the U.S. seigniorage revenue.

When we additionally impose the loss of convenience yield on U.S. dollar bonds (Column (3)),
the dollar exchange rate reverts to parity. In other words, in the presence of tariffs, the loss of
reserve currency status leads to even stronger dollar depreciation in our steady-state calculation.
The tariff magnifies the exchange rate response to the loss of reserve currency status, while the
effect on interest rates remains similar to the baseline case.

Panel (b) reports the results with asymmetric elasticities. Somewhat surprisingly, the dollar
appreciates in this scenario even with the loss of reserve currency status (Column (3)). Interest
rates still rise as the U.S. has to absorb the bond sales of foreign investors. The dollar appreciation
can be understood as follows. With 7 > 7%, the model needs a stronger level of the dollar in order
to make imports equal to exports in the high-tariff steady state. In particular, when reserve asset
demand disappears, the U.S. no longer earns seigniorage from foreigners, so in steady state the
trade balance must be zero. With > 1*, U.S. import demand is more price-sensitive than foreign

demand for U.S. goods. Under the tariff scenario, U.S. households must reduce their imports of
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Panel (a): Baseline Elasticity Calibration n = n* =1/3

1 2) (©) 4)
Baseline Tariff Convenience Loss Diff (3) — (2)
Log Dollar FX (%) 8.81 11.26 0.00 -11.26
Conv Yield Govt (%) 2.00 2.02 1.15 -0.87
Conv Yield Private (%) 2.00 2.02 1.29 -0.73
Seigniorage/GDP (%) 1.05 1.06 0.00 -1.06
Govt Debt Held Abroad/GDP (%)  36.64  36.64 0.00 -36.64
Private Debt Held Abroad/GDP (%) 1542 1542 0.00 -15.42
Foreign Debt Held by U.S./GDP (%)  56.85  58.27 0.00 -56.85
Govt Dollar Interest Rate (%) 0.53 0.51 1.38 0.87
Private Dollar Interest Rate (%) 0.53 0.51 1.24 0.73
Trade Balance/GDP (%) -1.05 -1.06 0.00 1.06
Import/GDP (%) 544 451 421 -0.31
Export/GDP (%) 4.39 3.46 4.21 0.75
H Goods Consumed by H (%) 95.61 96.54 95.79 -0.75
F Goods Consumed by F (%)  94.00  94.89 95.79 0.90
NFA /GDP (%) 0.00 0.00 0.00 0.00

Panel (b): Asymmetric Trade Elasticity Calibrationy =2/3,n* =1/3

Baseline Tariff Convenience Loss Diff (3) — (2)

Log Dollar FX (%) 5.12 12.39 5.37 -7.02
Conv Yield Govt (%) 2.00 2.01 1.14 -0.87
Conv Yield Private (%) 2.00 2.01 1.28 -0.73
Seigniorage/GDP (%) 1.05 1.05 0.00 -1.05
Govt Debt Held Abroad/GDP (%)  36.64  36.64 0.00 -36.64
Private Debt Held Abroad/GDP (%) 15.42 15.42 0.00 -15.42
Foreign Debt Held by U.S./GDP (%)  54.80  58.92 0.00 -54.80
Govt Dollar Interest Rate (%) 0.53 0.52 1.40 0.87
Private Dollar Interest Rate (%) 0.53 0.52 1.25 0.73
Trade Balance/GDP (%) -1.05 -1.05 0.00 1.05
Import/GDP (%) 5.44 4.24 3.62 -0.62
Export/GDP (%) 4.39 3.19 3.62 0.43
H Goods Consumed by H (%)  95.61 96.81 96.38 -0.43
F Goods Consumed by F (%) 94.24 95.14 96.16 1.02
NFA /GDP (%) 0.00 0.00 0.00 0.00
TABLE 5

STEADY-STATE RESULTS WITH TARIFF
Notes: The model is calibrated at the quarterly frequency. The convenience yield and interest rate are annualized. In

panel (a), trade elasticity is = #* = 1/3 following Itskhoki and Mukhin (2021); in panel (b), we setyy =2/3,5* =1/3
to capture the higher import elasticity for foreign goods relative to the export elasticity for U.S. goods.
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foreign goods even more. To produce the zero trade balance, the model needs a relative-price tilt:
a stronger dollar that (i) makes foreign goods cheaper for U.S. households (raising U.S. imports
despite tariffs) and (ii) makes U.S. goods more expensive for foreigners (reducing exports).

This comparison underlines that the asset price movements in April and May of 2025 were
unlikely due to the direct impact of the tariffs and more likely due to the impact that the liberation

day announcements have had on the erosion of safe asset status of dollar assets.

2.7 Endogenous Output

Last, in Appendix B, we consider a variant of the model with production and household labor
supply decision. These ingredients are modeled in a standard fashion. We calibrate the model
also using conventional parameters. The extension asks which of our results are sensitive to the
fixed output model we have considered. We find that with endogenous output, the loss of reserve
currency status delivers a similar magnitude loss in seigniorage revenue and a rise in U.S. inter-
est rates. However, the dollar depreciation is smaller — 3.54% vs. 8.81% — in the model with
production.

To understand this difference, note that the loss in the seigniorage revenue in the U.S. leads to a
permanent wealth effect: as the U.S. household’s wealth declines, the U.S. allocates less resources
to not only consumption but also investment and productive capital. As a result, output in the
U.S. also declines when we explicitly model the production process, whereas output is held con-
stant in the baseline model without production. Then, the loss of reserve currency status drives a
combination of a demand shock (U.S. having lower wealth) and a supply shock (U.S. producing
fewer home goods). The latter effect reduces the supply of home goods, which partially mitigates

the depreciation of the dollar real exchange rate needed to clear the goods market.

3 Conclusion

The dollar depreciated in April 2025 while interest rates in the U.S. rose relative to Euro, and the
convenience yield on 1-year Treasurys fell relative to foreign currency safe assets. The decline in
the dollar convenience yield predates the April 2025 shock by two years and is accompanied by a
shift away from foreign holdings of public dollar safe assets. Our theoretical analysis clarifies that
these moves are consistent with shifts in demand for U.S. dollar safe assets and the perception that
the U.S. may lose its reserve currency status. Our calibrated model offers guidance on how much
a loss of reserve demand for dollar assets will impact interest rates and the real value of the dollar.

Our analysis also sheds light on the magnitude of the exorbitant privilege the U.S. has enjoyed
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over the past several decades. We find that the real exchange rate has been appreciated by only
about 8.8% due to the position of the U.S. On the other hand, steady-state interest rates have been
lower by about 90 basis points. The loss of reserve currency status would reverse these effects and

lead to a wealth loss to the U.S. of $33 trillion.
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Appendix

A Model Derivations

A.1 Decisions
Within-period Consumption Choice. Given the amount of final consumption goods, home house-

holds choose intermediate good composition to minimize the cost, i.e.,

min picps + pyexp(—x¢) (1 + ve)cry,

CH,t,CF,t

s.t.
1= 1 1y 1M1
cr = {oc Tey,+(1—a) ”CFJ (A.1.1)
The Lagrangian is
x 1-9 1 1 1M1
L= —picp — py exp(—xt)(1+vt)cps + 7] [“ cpyt (1—a) CF,t} —cil,
which implies the first order condition
—pi + Cc}f"ocl’”c”H;l =0,
—prexp(—=x)(1+v) +¢e; (1 =)' el =0,
To pin down the lagrangian multiplier, note that the FOCs can be restated as
Crp = p}/(n_l)gl/(l_”)lXCt (A.1.2)
crr = (pfexp(—x)(1+ y )V =01 — g (A.1.3)

ie.,

% _ p ( Py >1/(77_1)
cry 1—a \ pfexp(—x:)(1+w) '
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Hence,

PiCH o < pe )11/(171)
prexp(—x¢)(1+ve)ery 1 —a \ pfexp(—x¢)(1+ 1)
al=m e\
o () A

Substituting equation (A.1.2),(A.1.3) into (A.1.1) yield

_ - - _ « _ _ nq1/n
et = [ (I O+ (1= ) ((pf exp (=) (14+u)) 07V 0T (1 — w)ey )|

Further simplification gives

_ -1/
¢/ = Japl 7Y 4 (1= ) (pf exp(—xp) (140" V]
Substituting back into equation (A.1.2), (A.1.3)
1/(n-1)
CHt = P Ct
) /™%

lap!’ Y 4 (1= ) (pf exp(—x) (1 +w))" Y]
(1 —a) (pf exp(—xe) (1 + )Y .
- —
[ap "V + (1= @) (g exp(—x) (1 + vy V|

CFrt =

Then we have
pich: + piexp(—x:) (1 +vi)crs = ct,
which implies

7

R B e IR e 1y |0/
pr=a ey, {D‘ e, +(1—a) UCF,t]

* _ — _ _ (1=1)/n
P exp(—x0) (14 v1) = (1~ &) el [l ey, + (1 - )7l |
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Simplifying this expression yields

Ui

1—n 1 1. 71=m/n
by — A !a Ty, + (1—w) ”cF,t]
Ch t

a4 (1 — )] (1-n) /7
Fit

Likewise, we can derive similar expressions for the foreign ones:

pr = (a")'"

¥ * ¥ 9 (1—n* *
: [w)l—" ! (=) ) ]( o

x N*
CFt

* * * 1 (1—7* *
() e, + (1= ar) gyt ]( o

cx

prexp(x)(1+v;) = (1—a*)t 7 [
H,t
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Intertemporal Solution Households” intertemporal budget constraint is

peyt + Dut + exp(rf,l)bH,t,l + exp(rf,l)dH,t,l +exp(ri_q —xt)bpt—1+ g =

PtCH ¢ + pr exp(—xt) (1 + Vt)CF,t + eXp(i’f_l)DH,t71 + (bH,t + dH,t) —+ exp(—xt)bp,t.

The Lagrangian is

Eo

ad 1 10
Zdtu (ct + 1% U“’H(Kb%,t + d%,t) P )
t=0

+ 3 Ci(pyt + Dy + exp(rf,l)bH,t_l + exp(rf,1)dH,t_1 +exp(ri_1 — x¢)bpi—1 + gt
=1

—pecpr — prexp(—xe) (1 +vi)cps — exp(r‘f,l)DH,t_l — (but+dpt) —exp(—x¢)bry) |-

et 1 b )
Let Ct = ¢t + rzwn (kb +diy ) 7

The first-order conditions w.r.t. ¢t, by ¢, dp s and br; are:

5tu'(Ct) — gt = 0,
1o 1

E; [yul(ct)wH(Kb?-I,t +dy,) 1Kb§1,t1 -G+ eXP(V?)CtH} =0,
1o 1 5o

E; [‘5t”/(ct>wH(Kb§I,t + dil,t) P 1d§l,t1 — G+ eXP(”?)@tH} =0,

E; [— exp(—x¢)t + exp(rf — x141){141] =0,

which give the implied Euler Equation:

0 P \50-1 401 [ 1 (Cry1) d
ey
1-c __ — [ C
1— wp (kb +dfy ) * 1Kb§i,t1 = I ‘SM exp(r}) |,
L W (C)
[ u'(C “
1 =L _(Su(,(é—:;) exp(_Axt+l + 7y ):| ’
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Similarly, the foreign household’s Lagrangian is defined as

o]

1 1o
36t (cf + i explx) (0 0, )+ (85, )0) 7
t=0

Eo

(e 0]

+ Y G (pryi +exp(ri_y + xi)bi 1 +exp(ri_y + x;)dfy;_q +exp(ri_y )b, 1 + &
t=1

= Prcr — prexp(xe) (1 +v7) ek — exp(xe) (b + dpy ) — b?,t)] -

Define Cf = ¢} + 2 wjyexp(x;) (k* (by; )P + (dﬁt)f’)l%. Then, we have

lo_ [ u'(CF

1 — wpy (" (b, ) + (dp)?) » l(dﬁfi,t)pfl = E; 5# exp(Axiy1 + T"ti)}
L W (C)
1-0 r u/ C*
1= (B (B5)) 7 ) = B 6 enpave )]
L t

e [#(C) \
1 —]Et 51/1/((:;()exp(rt):| .

A.2 Macro Synthesis

There are 18 endogenous variables in each period t:

% % % % * * * b d _x o0
(Ct/ CH,t,CFt, b, Ar e, Drg, pto €ty CH,trCF tr bH,t, dH,t/ bF,t/ PerVesTes ey xt)tzO'

The model implies the following 19 equations in each period, one of which is redundant. These

19 equations include 2 consumption aggregation equations,

1/y
€t = ["‘1_7]CUHt +(1- "‘)1_%24

7

7

* *\1—n* 1 % * *\1—n* 1 % QY
¢f = (@) (che)” + (1= ) T (e ) |

’

2 household budget conditions are

piyi + D+ exp(rf_y)bpe—1 + exp(ri_y)dp -1 + exp(ri_y — x1)bpi—1 + g =

pecrs + pyexp(—xt) (1 + vi)eps + exp(ril)DH,t—l + (but +due) +exp(—x¢)bry,
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Piyi +exp(rf,1 +xt)b?-l,tfl+exp(r(t;lfl +xi)diy 1 +exp(riq)br, 1 + 8 =

pfc}é/t + prexp(x) (1 + V?)Cﬁ,t + exp(xt)(b}‘{,t + d?{,t) + bl*f,tr
2 goods market clearing conditions

*
CHt +CHt = Yt

Crt +Chp = i,
3 bond market clearing conditions

But = brt + b4,
Dpy =dpus + d}‘qlt,

0= bF,t + b;,tr

4 within-period consumption choices

:|1/7]—1 n—1

1-n .1 1-n 1 1— _
[‘X UCH,t"‘(l_“) qCF,t & WCH,t =Pt

_ _ /-1 o1 .
w0, + (1 -1l ] (L= I = i exp(—x) (14 1),
*\1—n*/ * *\1—n*/ * a1 \1—n*/ x *— *
(@) (h )T+ (1 =) (i) | () () =
1/n*-1 *

@) )7 + (=) ()T A=) ()T = prexp(a) (14 7),

and 6 Euler equations

10 4 ,_ " u'(C
)
1-o_ — : u'(C
et 8,7t = 1 .
[ u/'(C .
1=E; 5u(’((t;tr)1) exp(—Axpyq + 17 )] ,
* * [ 1% * lo_ * — [ M’(C* )
1 i (6 b+ @0") 7 ) = e [0 b explaia +19)|,
L t
* k(% \p x\p 0 1 s/ p—1 [ u/<C£k+l) b
1 — wpy (" (b ) + (dig)f) o x" (b )" = [y 57u’(C*) exp(Axip1+71¢) |,
L t
WG
1=E;|¢ u’(é; exp(rt)] .
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The households” optimal consumption choices also imply

pica + pr exp(—x:) (1 +vi)crs = ¢4,

a useful identity that will be used in the analysis.
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A.3 Additional Results: Koijen and Yogo (2020) Calibration

In this section, we calibrate the bond demand elasticity based on Koijen and Yogo (2020)’s empir-
ical estimate, which requires a higher curvature parameter . Specifically, Koijen and Yogo (2020)
report a mean demand elasticity of 3.2 for long-term bonds. Assuming an average duration of 5
years, this implies that a 1% log change in debt quantity is associated with 100/ (5 x 3.2) = 6.25
basis point change in bond convenience yield. Moreover, Koijen and Yogo (2020) report a conve-
nience yield estimate of 1.47% for the U.S. dollar. To match these moments, the bond curvature
parameter is set to o = 4.38, reflecting a more inelastic demand curve.

The results are in Tables A.1, A.2 and A.3. The calibration with the Koijen and Yogo (2020)
estimates looks broadly similar. Because we adopt a lower steady-state value of the convenience
yield in the steady-state, the effects of losing reserve currency status on the seigniorage revenue
and the dollar exchange rate are smaller. However, because the bond curvature parameter is

higher, the interest rate effects are significantly larger.
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Panel (a): Baseline Elasticity Calibration n = n* =1/3

M 2) ©)
Baseline Convenience Loss Difference
Log Dollar FX (%) 6.48 0.00 -6.48
Conv Yield Govt (%) 1.47 0.39 -1.08
Conv Yield Private (%) 1.47 0.44 -1.03
Seigniorage/GDP (%) 0.77 0.00 -0.77
Govt Debt Held Abroad/GDP (%) 36.64 0.00 -36.64
Private Debt Held Abroad/GDP (%) 15.42 0.00 -15.42
Foreign Debt Held by U.S./GDP (%)  55.55 0.00 -55.55
Govt Dollar Interest Rate (%) 1.06 2.14 1.08
Private Dollar Interest Rate (%) 1.06 2.09 1.03
Trade Balance/GDP (%) -0.77 0.00 0.77
Import/GDP (%) 5.30 5.08 -0.22
Export/GDP (%) 453 5.08 0.55
H Goods Consumed by H (%) 95.47 94.92 -0.55
F Goods Consumed by F (%)  94.30 94.92 0.61
NFA /GDP (%) 0.00 0.00 0.00

Panel (b): Asymmetric Trade Elasticity Calibrationy = 2/3,7* =1/3

Baseline Convenience Loss Difference

Log Dollar FX (%) 3.76 0.00 -3.76
Conv Yield Govt (%) 1.47 0.39 -1.08
Conv Yield Private (%) 147 0.44 -1.03
Seigniorage/GDP (%) 0.77 0.00 -0.77
Govt Debt Held Abroad/GDP (%)  36.64 0.00 -36.64
Private Debt Held Abroad/GDP (%) 15.42 0.00 -15.42
Foreign Debt Held by U.S./GDP (%)  54.06 0.00 -54.06
Govt Dollar Interest Rate (%) 1.06 2.14 1.08
Private Dollar Interest Rate (%) 1.06 2.09 1.03
Trade Balance/GDP (%) -0.77 0.00 0.77
Import/GDP (%) 5.30 4.86 -0.44
Export/GDP (%) 4.53 4.86 0.33
H Goods Consumed by H (%)  95.47 95.14 -0.33
F Goods Consumed by F (%)  94.47 95.14 0.67
NFA/GDP (%) 0.00 0.00 0.00
TABLE A.1

STEADY-STATE RESULTS WITH FULL CONVENIENCE LOSS
Notes: The model is calibrated at the quarterly frequency. The convenience yield and interest rate are annualized. In

panel (a), trade elasticity is 7 = #* = 1/3 following Itskhoki and Mukhin (2021); in panel (b), we sety =2/3,5* =1/3
to capture the higher import elasticity for foreign goods relative to the export elasticity for U.S. goods.
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Panel (a): Baseline Elasticity Calibrationy = n* =1/3

1) 2) (©) (4)
Baseline Debt Expansion wj; Reduction x* Reduction

Log Dollar FX (%) 6.48 2.67 1.53 2.30

Conv Yield Govt (%) 1.47 0.45 0.33 0.41

Conv Yield Private (%) 1.47 0.55 0.41 0.52
Seigniorage/GDP (%) 0.77 0.32 0.19 0.28
Govt Debt Held Abroad/GDP (%)  36.64 54.68 43.42 42.70
Private Debt Held Abroad/GDP (%)  15.42 13.43 9.93 19.90
Foreign Debt Held by U.S./GDP (%)  55.55 69.95 54.18 64.06
Govt Dollar Interest Rate (%) 1.06 2.08 2.20 2.13
Private Dollar Interest Rate (%) 1.06 1.98 212 2.01
Trade Balance/GDP (%) -0.77 -0.32 -0.19 -0.28
Import/GDP (%) 5.30 5.17 5.14 5.16

Export/GDP (%) 4.53 4.85 4.95 4.88
H Goods Consumed by H (%) 95.47 95.15 95.05 95.12
F Goods Consumed by F (%) 94.30 94.67 94.78 94.71

NFA /GDP (%) 0.00 0.00 0.00 0.00

Panel (b): Asymmetric Trade Elasticity Calibration =2/3,1* =1/3

Baseline Debt Expansion wj; Reduction x* Reduction

Log Dollar FX (%) 3.76 1.59 0.92 1.37

Conv Yield Govt (%) 1.47 0.45 0.33 0.40

Conv Yield Private (%) 1.47 0.54 041 0.52

Seigniorage /GDP (%) 0.77 0.32 0.19 0.28
Govt Debt Held Abroad/GDP (%) 36.64 54.68 43.42 42.70
Private Debt Held Abroad/GDP (%) 15.42 13.43 9.93 19.90
Foreign Debt Held by U.S./GDP (%)  54.06 69.20 53.84 63.46
Govt Dollar Interest Rate (%) 1.06 2.08 2.20 213
Private Dollar Interest Rate (%) 1.06 1.99 2.12 2.01
Trade Balance/GDP (%) -0.77 -0.32 -0.19 -0.28
Import/GDP (%) 5.30 5.04 4.96 5.02

Export/GDP (%) 4.53 4.72 4.78 474
H Goods Consumed by H (%)  95.47 95.28 95.22 95.26
F Goods Consumed by F (%)  94.47 94.87 94.99 9491

NFA /GDP (%) 0.00 0.00 0.00 0.00

TABLE A.2
STEADY-STATE RESULTS WITH DEBT EXPANSION AND ASYMMETRIC PUBLIC AND PRIVATE
FLOwsS

Notes: The model is calibrated at the quarterly frequency. The convenience yield and interest rate are annualized. In
panel (a), trade elasticity is = #* = 1/3 following Itskhoki and Mukhin (2021); in panel (b), we sety =2/3,5* =1/3
to capture the higher import elasticity for foreign goods relative to the export elasticity for U.S. goods.
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Panel (a): Baseline Elasticity Calibration n = n* =1/3

M 2) ©) 4)
Baseline Tariff Convenience Loss Diff (3) — (2)
Log Dollar FX (%) 6.48 8.40 0.00 -8.40
Conv Yield Govt (%) 1.47 1.51 0.41 -1.10
Conv Yield Private (%) 1.47 1.51 0.46 -1.05
Seigniorage/GDP (%) 0.77 0.79 0.00 -0.79
Govt Debt Held Abroad/GDP (%)  36.64  36.64 0.00 -36.64
Private Debt Held Abroad/GDP (%) 15.42 15.42 0.00 -15.42
Foreign Debt Held by U.S./GDP (%) 5555  56.62 0.00 -55.55
Govt Dollar Interest Rate (%) 1.06 1.02 2.13 1.10
Private Dollar Interest Rate (%) 1.06 1.02 2.07 1.05
Trade Balance/GDP (%) -0.77 -0.79 0.00 0.79
Import/GDP (%) 5.30 4.39 4.16 -0.22
Export/GDP (%) 4.53 3.60 4.16 0.57
H Goods Consumed by H (%) 95.47 96.40 95.84 -0.57
F Goods Consumed by F (%) 9430  95.19 95.84 0.65
NFA /GDP (%) 0.00 0.00 0.00 0.00

Panel (b): Asymmetric Trade Elasticity Calibrationy = 2/3,7* =1/3

Baseline Tariff Convenience Loss Diff (3) — (2)

Log Dollar FX (%) 3.76 10.58 5.36 -5.21

Conv Yield Govt (%) 1.47 1.49 0.40 -1.09

Conv Yield Private (%) 1.47 1.49 0.45 -1.04
Seigniorage/GDP (%) 0.77 0.78 0.00 -0.78
Govt Debt Held Abroad/GDP (%)  36.64  36.64 0.00 -36.64
Private Debt Held Abroad/GDP (%) 1542  15.42 0.00 -15.42
Foreign Debt Held by U.S./GDP (%)  54.06  57.87 0.00 -54.06
Govt Dollar Interest Rate (%) 1.06 1.04 2.13 1.09

Private Dollar Interest Rate (%) 1.06 1.04 2.08 1.04

Trade Balance/GDP (%) -0.77 -0.78 0.00 0.78
Import/GDP (%) 5.30 4.10 3.64 -0.45

Export/GDP (%) 4.53 3.32 3.64 0.32

H Goods Consumed by H (%) 95.47 96.68 96.36 -0.32

F Goods Consumed by F (%) 9447  95.40 96.13 0.74

NFA /GDP (%) 0.00 0.00 0.00 0.00

TABLE A.3

STEADY-STATE RESULTS WITH TARIFF
Notes: The model is calibrated at the quarterly frequency. The convenience yield and interest rate are annualized. In

panel (a), trade elasticity is 7 = #* = 1/3 following Itskhoki and Mukhin (2021); in panel (b), we sety =2/3,5* =1/3
to capture the higher import elasticity for foreign goods relative to the export elasticity for U.S. goods.
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B Model with Production

We follow the production specification in Itskhoki and Mukhin (2021), in which both countries ac-
cumulate capital and use capital, labor, and intermediate input to produce final goods. These final
goods are then allocated to consumption, investment, and intermediate use. The model abstracts
from price stickiness, as it is not central to its exchange rate determination mechanism, and from
tariffs used in our baseline specification to simplify the analysis. We assume that households have
preferences over consumption and leisure according to Greenwood et al. (1988), which mutes the
labor supply response to declines in seigniorage revenue and consumption.

We continue to assume that both home and foreign households can invest in domestic and
foreign bonds, while deriving additional non-pecuniary benefits from holding the home bonds.
This assumption implies that bond investment is characterized by the same set of Euler equations
as in our baseline model without production.

Specifically, home households” expected lifetime utility is

© 1 -
Ep|)_ 6'~——(C) 7] ,
i 1—7
where
141/ 1 =
e T Vi e R
and

1/n
ct = [le’”cﬁHt +(1- uc)l"lczt} .

B.1 Equilibrium Conditions

The exogenous variables are the productivity shocks and bond endowments:

(at,af, B t, D t)ieo-
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The model contains 32 endogenous variables in each period t:

(yt/ YH,t,YFt, Cty kt/ Zt, Ot, gt/ bH,t/ dH,tl bF,t; qt, Wt, Pt,

YioYip Ve ook 2608 ) B di g, be gy 01, w7 PR
ot ),
where v denotes the intermediate input used for final goods production.
The model implies the following system of equations in each period, one of which is redundant
because the market clearing adds up to the sum of households” budget constraints. These 33

equations include two consumption aggregation equations,

7

1/n
ezt o= [Tyl 4+ (1- )]

7

* * * 1=n(,,%x \1 1—=n(,* i 1/n
¢ i +of = [T (E)T + (1—a) Ty

two goods market clearing conditions,

Yi =Y+ Y

i = Yre+UEpy
six optimality conditions for within-period consumption and labor choices,

n—1

1/7-1 1—
} w WyH,t = Pt

[yl + (=) Ty
1/7-1 B _ .
} (1— )yl = piexp(—x1),

Etl/g = Wy,

[yl + (1= @) 7y

1/7-1

)T+ (=) i) @ ) =

— * — * /=1 — * —
)+ (1= ) )| (= ) i) = prexp(x),

(6)11% =,
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eight equations that govern firm production and factor prices,

yi = (exp(ankle{!~*N1-05?,

twy = pr(1=8)(1 = ¢)yt,
kege = pr9(1 — @)yt
Ut = PPyt
vi = (exp(af) (k{)° (&) =0) 0 (0])?,
tiwy =pi(1-0)(1—9)y;,
kigi = pio(1—¢)yi,

*

v; = PrdYi,

for equations that govern capital accumulation,

Kk (Akpiq)?
zi = ki1 — (1 —d)ks + 2(]:1),
Ak C - Ak
1+K t+1:IEt 5<t+1) Qt+1+1—d+1€ t+2+*
k¢ Ci ki1
* * * K (Ak* )2
Zt:kt+1_(1_d) kt+§£7;1,
Ak* cr - Ak*
1+« kt*H:]Et 5<éjl> (qf+1+1—d+rck*t+2+
t t t+1
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six Euler equations for households and the intermediary,

10 1 oo
1-— wH(be{’t + d?ﬂ) P 1d‘;{,tl =1 |¢ exp(rf)] ,

-0

1-— wH(Kb%,t + d%,t) 2 1Kbgtl =R |6

exp(rf)] :

7

1-c
1— Wiy (" (Bi )P + (diy)P) 7 (dfy, )P L =B |6 exp(Ax; 1+ r?)

7

1-c
1— wiy (1" (D3P + (dig)f) 7 k5 (b, )P L =By |6 exp(Ax; 1+ rP)

7

1= |d

()
()
—E s <CC+1>  exp(—Axiy +77)
(%)
(&)
(&)

exp(r} )] ,
two budget constraints for households,

(wily + gike) +exp(rt_1)brs-1 +exp(rfy)dpe—1 + exp(ri_q — x1)brs 1

+ Br — Brg—1exp(r]_1) + Dy — Di—1exp(rf_;)

=i+ 2z + by +dys +exp(—xi) by,

(Wi € + q7k;) + exp(r_y + x0)bjy,_q + exp(ri_y + xi)djp_1 +exp(ri_1)bf

=cf +z + exp(xt) (b}k-l,t + d}ki,t) + b;,tf
and three bond market clearing condition,

But = but + by,
Dy =dns +d

O - bF’t + b;,t'

B.2 Calibration

We maintain the parameter values in our baseline calibration. The new parameters are calibrated
following Itskhoki and Mukhin (2021): the curvature in labor disutility ¢ = 1, the share of inter-

mediate input in production function ¢ = 0.5, the share of capital input in production function
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¢ = 0.3, capital depreciation rate d = 0.02 on quarterly basis.

B.3 Results

We report the results in Table A.4. The results are qualitatively similar to the model without pro-
duction. The reduction in the convenience yield and the corresponding increase in the interest
rate are comparable to the magnitudes in the model without production. The implied dollar de-
preciation is smaller (3.54% vs. 8.81%) in the model with production.

To understand this difference, note that the loss in the seigniorage revenue in the U.S. leads to a
permanent wealth effect: as the U.S. household’s wealth declines, the U.S. allocates less resources
to not only consumption but also investment and productive capital. As a result, output in the U.S.
also declines when we explicitly model the production process, whereas output is held constant
in the baseline model without production.

Tthe loss of reserve currency status drives a combination of a demand shock (U.S. having lower
wealth) and a supply shock (U.S. producing fewer home goods). The latter effect creates scarcity in
the home goods market, which partially mitigates the depreciation of the dollar real exchange rate
needed to restore the equilibrium in the goods market. As a result, when the U.S. loses seigniorage
revenue to a similar magnitude as in the fixed output case, but the dollar depreciates by 3.54% in

the model with production rather than the 8.81% depreciation in the model without production.
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Panel (a): Model with Production
1) ) 3)

Baseline Convenience Loss Difference

Log Dollar FX (%) 3.54 0.00 -3.54

Conv Yield Govt (%) 2.00 1.15 -0.85

Conv Yield Private (%) 2.00 1.29 -0.71
Seigniorage/GDP (%) 1.05 0.00 -1.05
Govt Debt Held Abroad/GDP (%)  36.64 0.00 -36.64
Private Debt Held Abroad/GDP (%) 15.42 0.00 -15.42
Foreign Debt Held by U.S./GDP (%)  53.94 0.00 -53.94

Govt Dollar Interest Rate (%) 0.53 1.39 0.85

Private Dollar Interest Rate (%) 0.53 1.24 0.71

Trade Balance/GDP (%) -1.05 0.00 1.05
Import/GDP (%) 5.18 5.06 -0.12

Export/GDP (%) 4.66 5.06 0.40

H Goods Consumed by H (%)  95.34 94.94 -0.40

F Goods Consumed by F (%) 94.51 94.94 0.43

NFA /GDP (%) 0.00 0.00 0.00

H Output (%)  100.00 99.06 -0.94

F Output (%)  100.00 100.93 0.93

H Consumption (%)  100.00 97.54 -2.46

F Consumption (%)  100.00 102.61 2.61

Panel (b): Baseline Model without Production

Baseline Convenience Loss Difference

H Output (%)  100.00 100.00 0.00

F Output (%)  100.00 100.00 0.00

H Consumption (%)  100.00 98.46 -1.54

F Consumption (%)  100.00 101.67 1.67
TABLE A .4

STEADY-STATE RESULTS WITH FULL CONVENIENCE L0OSS, PRODUCTION MODEL

Notes: The model is calibrated at the quarterly frequency. The convenience yield and interest rate are annualized. Trade
elasticity is 7 = #* = 1/3 following Itskhoki and Mukhin (2021).
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