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Chapter 1

Global Imbalances

1.1 Balance-of-Payments Accounting

A country's international transactions are recorded in the balance-of-payments
accounts. In the United States, the balance-of-payments amunts are com-
piled by the Bureau of Economic Analysis (BEA), which belong to the
U.S. Department of Commerce. Up-to-date balance of paymerst data can
be found on the BEA's website athttp://www.bea.gov

A country's balance of payments has three components: the auent
account, the nancial account, and the capital account. The current account
records exports and imports of goods and services and inteational receipts
or payments of income. Exports and income receipts enter wh a plus and
imports and income payments enter with a minus. For example,if a U.S.
resident buys a SONY MP3 player from Japan for $50, then the US. current
account goes down by $50. This is because this transaction peesents an

import of goods worth $50.
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The nancial account keeps record of sales of assets to foigiers and
purchases of assets located abroad. Thus, the nancial accmt measures
changes in a country's net foreign asset position. Sales ofaets to foreigners
are given a positive sign and purchases of assets located aad a negative
sign. For example, in the case of the import of the MP3 player,if the
U.S. resident pays with U.S. currency, then a Japanese resaht (SONY) is
buying U.S. assets (currency) for $50, so the U.S. nancial ecount receives

a positive entry of $50.

The capital account records capital transfers. The major types of cap-
ital transfers are debt forgiveness and migrants' transfes (goods and -
nancial assets accompanying migrants as they leave or enté¢he country).
Though conceptually important, capital-account transactions are believed
to be generally small in the U.S. accounts. However, they arémportant to
other countries. For instance, in July 2007 the U.S. Treasuy Department
announced that the United States, Germany, and Russia will povide debt
relief for Afghanistan for more than 11 billion dollars. This is a signi cant
amount for the balance of payments accounts of Afghanistanrepresenting
about 99 percent of their foreign debt obligations. But the amount involved
in this debt relief operation is a small gure for the balance of payments
of the three donor countries. This debt relief will enter the U.S. capital
account with a minus and the U.S. nancial account with a plus. Consider
another example that would also entail a movement in the capial account.
If someone immigrates to the United States his assets abroadow become
part of the U.S. net foreign asset position, entering the cafial account with

a plus and the nancial account with a minus.
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The MP3-player, the debt-relief, and the immigration examples given
above illustrate a fundamental principle of balance-of-pgments accounting
known as double-entry bookkeepingEach transaction enters the balance of
payments twice, once with a positive sign and once with a negave sign. To
illustrate this principle with another example, suppose that an Italian friend
of yours comes to visit you in New York and stays at the LucerneHotel. He
pays $400 for his lodging with his Italian VISA card. In this case, the U.S. is
exporting a service (hotel accommodation), so the current acount increases
by $400. At the same time, the Lucerne Hotel purchases a nanial asset
worth $400 (the promise of VISA-ltaly to pay $400), which deaeases the
U.S. nancial account by $4001

An implication of the double-entry book-keeping methodolay is that
any movement in the current account must be re ected in an equvalent
change in the country's net foreign asset position. That is,the current
account equals the di erence between a country's purchasesf assets from
foreigners and its sales of assets to them, which is the sum tiie nancial
and the capital accounts preceded by a minus sign. This relabnship is

known as the fundamental balance-of-payments identity . Formally,

Current Account Balance + Financial Account Balance + Capit al Account Balance = 0.

A more detailed decomposition of the balance-of-payments gcounts is

as follows:

1. Current Account: It measures a country's net exports (i.e., the

'How does this transaction a ect the Italian balance of payme nts accounts?
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di erence between exports and imports) of goods and serviceand net

international income receipts.

(a) Trade Balance (or Balance on Goods and Services): It
represents the di erence between exports and imports of gods

and services.

i. Merchandise Trade Balance (or Balance on Goods):

It equals exports minus imports of goods.

ii. Services Balance: Includes net receipts from items such as

transportation, travel expenditures, and legal assistane.
(b) Income Balance:

i. Net investment income: it is the di erence between in-
come receipts on U.S.-owned assets abroad and income pay-
ments on foreign-owned assets in the United States. It in-
cludes international interest and dividend payments and ean-

ings of domestically owned rms operating abroad.

ii. Net international compensation to employees

(c) Net Unilateral Transfers: It is the di erence between gifts
(that is, payments that do not correspond to purchases of any
good, service, or asset) received from the rest of the worldral
gifts made by the U.S. to foreign countries. Over the past deade
private remittances have become the major component of Net
Unilateral Transfers. For example, payments by a Mexican dizen

residing in the United States to relatives in Mexico would erer
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with a minus in the current account as they represent a gift of

someone residing in the U.S. to someone residing abroad.

2. Financial Account: Di erence between sales of assets to foreigners

and purchases of assets held abroad.

(a) U.S.-owned assets abroad consist of:
i. U.S. o cial reserve assets such as special drawing right§SDRS),
foreign currencies, reserve position in the IMF
ii. U.S. government assets, other than o cial reserve assed
iii. U.S. private assets, such as direct investment and forign
securities.

(b) Foreign-owned assets held in the United States consistfo

i. Foreign o cial assets in the United States such as U.S. gov
ernment securities or U.S. currency held by a foreign centra
bank.

ii. Other foreign-owned assets in the United States such as |$.
government securities or U.S. currency held by a foreign pri

vate rm.

3. Capital Account:  Records capital transfers that result in a change

in the stock of assets of an economy.

The components of the current account are linked by the acconting
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identity

Current Account Balance = Trade Balance

+

Income Balance

+

Net Unilateral Transfers :

And the components of the trade balance satisfy

Trade Balance = Merchandise Trade Balance

+ Services Balance

1.2 The Current Account

What does the U.S. current account look like? Take a look at tdle 1.1. It
displays the U.S. current account for 2010. In that year, theUnited States
experienced a large de cit in both the current account and the trade balance
account of more than 3 percent of GDP. Current-account and tade-balance
de cits are frequently observed. In fact, as shown in gure 11 the U.S.
trade and current account balances have been in de cit for moe than 30
years. Moreover, during this period the observed current acount and trade

balance de cits have been roughly equal to each other.

The fact that in the United States the trade balance and the curent
account have been broadly equal to each other in magnitude nams that
the sum of the other two components of the current account, tke income

balance and net unilateral transfers, must be close to zerolndeed, in 2010,
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Table 1.1: U.S. Current Account, 2010.

Billions Percentage
ltem of dollars of GDP
Current Account -470.2 -3.2

Trade Balance -495.7 -3.4
Merchandise Trade Balance -647.1 -4.4
Services Balance 151.4 1.0

Income Balance 163.0 1.1
Net Investment Income 171.3 1.2
Net International Compensation to Employees -8.3 -0.1

Net Unilateral Transfers -137.5 -0.9
Private Remittances -82.2 -0.6
U.S. Government Transfers -55.3 -04

Source: Bureau of Economic Analysis, U.S. Department of Com
merce, http://www.bea.gov

these two components happen to o set each other. The income dance
showed a surplus of $163 billion and net unilateral transfes showed a de cit
of $137.5 billion. In 2010 as in most prior years, the United S&tes made
more gifts to other nations than it received. About two third s of these gifts
are remittances of foreign workers residing in the U.S. to rkatives in their
countries of origin. In 2010, private remittances were aboti $82 billion.
For some countries, net receipts of remittances can represea substantial
source of foreign income. For example, in 2004 Mexico recad about 2.5
percent of GDP in net remittances. This source of income waseasponsible
for the fact that in that year Mexico's current account de ci t was smaller
than its trade de cit, despite the fact that Mexico, being a n et debtor to

the rest of the world, had to make large international interest payments. In
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Figure 1.1: The U.S. Trade Balance and Current Account as a faction of
GDP: 1960-2010

2 T
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Year

Source: http://www.bea.gov

the United States net unilateral transfers have been negatie ever since the
end of World War Il, with one exception. In 1991, net unilateral transfers
were positive because of the payments the U.S. received froits allies in

compensation for the expenses incurred during the Gulf war.

In 2010, the United States was a net importer of goods, with a rer-
chandise trade de cit of 4.4% of GDP and at the same time a net gporter
of services, with a service balance surplus of 1.0% of GDP. EhU.S. has
a comparative advantage in the production of human-capitatintensive ser-
vices, such as professional consulting, higher educatiomesearch and devel-

opment, and health care. At the same time, the U.S. imports baic goods,
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such as primary commodities, textiles, and consumer duratfas.

The balance on the current account may be larger or smaller thn the
balance on the trade account. Also, both the trade balance ad the current
account may be positive or negative and they need not have theame sign.

Table 1.2 and gure 1.2 illustrate this point. They display t he trade balance

Table 1.2: Trade Balance and Current Account as Percentagesf GDP in
2005 for Selected Countries

Country TB/GDP CA/GDP

Argentina 6.8 3.1
China 5.5 7.1
Ireland 11.8 -2.0
Mexico -1.7 -0.6
Philippines -8.9 2.3
United States 5.7 -6.2

Source: IMF International Financial Statistics and Word Ec o-
nomic Outlook. Available online at http://www.imf.org

and the current account balance as percentages of GDP in 2009 B=GDP
and CA=GDP, respectively) for 32 countries.

Argentina is an example of a country that in 2005 ran trade-bdance and
current-account surpluses, with the trade-balance surpls exceeding the bal-
ance on the current-account. The large trade balance surplsiin Argentina is
driven by large agricultural exports, propelled by the surge in soy bean prices
and a weak peso since 2002. The current account surplus is stte than
the trade balance surplus because of interest payments on ehexternal debt.
Historically, Argentina's foreign interest obligations have been larger than

the trade balance resulting in negative current account bahnces. However,
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Figure 1.2: Trade Balances and Current Account Balances Aarss Countries
in 2005

15 T T T T
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Source: EconStat. Note: TB denotes the trade balance in goasdand
services and CA denotes the current account balance. The cotries in-
cluded in the sample are: Argentina, Australia, Austria, Belarus, Bel-
gium, Bolivia, Brazil, Canada, Chile, China, Colombia, Czech Repub-
lic, Denmark, Finland, France, Germany, Greece, Hong KongJ/ndone-
sia, Ireland, Italy, Japan, Korea, Mexico, Philippines, Russia, Spain,
Sweden, Turkey, UK, Ukraine, and the United States
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in 2001, Argentina defaulted on much of its external debt theeby reducing
its net interest payments abroad.

Like Argentina, China displays both a current-account and a trade-
balance surplus. However, unlike Argentina, the Chinese auwent-account
surplus is larger than its trade-balance surplus. This di erence can be ex-
plained by the fact that China, unlike Argentina, is a net creditor to the
rest of the world, and thus receives positive net investmentincome.

The Philippines provides an example of a country with a current account
surplus in spite of a sizable trade-balance de cit of 9 percet of GDP. The
positive current account balance is the consequence of laggremittances
made by overseas Filipino workers of more than 10 percent of BP.

Mexico, the United States and Ireland all experienced currat-account
de cits in 2005. In the case of Mexico and the United States, he current-
account de cits were nancing trade de cits of about equal sizes. In the
case of Mexico, the current-account de cit was slightly smdler than the
trade de cit because of remittances sent by Mexicans workiig mainly in the
United States. These very same remittances explain to somexgent why
the United States current account de cit exceeded its tradede cit. Finally,
the current-account de cit in Ireland was accompanied by a large trade
surplus of about 12 percent of GDP. In the 1980s, Ireland emh&ked on a
remarkable growth path that earned it the nick name “Celtic Tiger." This
growth experience was nanced largely through external deb By the end
of the 1980s, the net international investment position of reland was -70
percent of GDP. The positive trade balance surplus of 2005 rects mainly

Ireland's e ort to service its external obligations.
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It is evident from gure 1.2 that most (TB/GDP, CA/GDP) pairs fall
within a narrow corridor around the 45-degree line. That is, for many coun-
tries the trade balance and the current account are of the sam sign and
of roughly the same magnitude. This clustering around the 45degree line
suggests that for many countries, including the United Staks, the trade

balance is the main component of the current account.

1.3 The Net International Investment Position

One reason why the concept of Current Account Balance is ecammically
important is that it re ects a country's net borrowing needs . For example,
the fact that in 2010 the United States run a current account de cit of 470
billion dollars means that some other country must have lentthis amount
to the United States. In this way, the current account is related to changes
in a country's net international investment position. Net i nternational in-
vestment position (NIIP) is a technical term used to refer to a country's
net foreign wealth, that is, the di erence between foreign asets owned by
U.S. residents and U.S. assets owned by foreigners. The nattérnational
investment position is a stock while the current account (CA) is a ow.
In the absence of valuation changes, thdevel of the current account must
equal the changein the net international investment position. That is, in
the absence of valuation changes, we have thaCA = NIIP . Shortly,
we will discuss how this equality is a ected when the assetsricluded in the
country's international investment position change value from one year to

the next.
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Figure 1.3 shows the U.S. current account balance since 19#&bong with

Figure 1.3: The U.S. Current Account (CA) and Net Internatio nal Invest-

ment Position (NIIP
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a measure of the nation's net international investment posiion. The United

States had accumulated substantial foreign wealth by the edy 1980s when

a long sequence of current account de cits emerged.

In 198%he nation

became a net debtor to foreigners for the rst time since World War I. The

U.S. current account de cits did not stop in the 1990s. On the contrary, by

the end of that decade, the United States had become the world biggest

foreign debtor. Current account de cits continued at an accelerated pace

until shortly before the onset of the Great Recession of 2008vhich brought

a stop, at least temporarily, to the growth in the current account de cit. By
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the end of 2006, the net foreign asset position of the United tates stood at
-2.2 trillion dollars or about 16 percent of GDP. This is a redly big number,
and many economist wonder whether the observed downward tred in the
net foreign investment position is sustainable over time? This concern stems
from the fact that countries that accumulated large external debt to GDP
ratios in the past, such as many Latin American countries in the 1980s, Mex-
ico, Russia, and several Southeast Asian countries in the send half of the
1990s, Argentina in 2001, and more recently peripheral Eurpean countries
have experienced sudden reversals in international capitaows that were
followed by costly nancial and economic crises. Indeed the2008 nancial
meltdown in the United States, featuring a large share of the nancial sector
in state of insolvency and kept alive only by actual or expeced government

intervention, has brought this issue to the fore.

1.4 Valuation Changes and the Net International

Investment Position

We saw earlier that the current account balance measures theow of net
new claims on foreign wealth that a country acquires from netexports of
goods and services and from net income generated abroad. Ehiow is not,
however, the only factor causing a country's net foreign weklh to change.

Take a look at gure 1.4. It shows that in many years the U.S. nd foreign

2As dramatic as it may seem, the current account experience since the 1980s is not
historically unprecedented. Throughout the 19th century t he United States was a net
foreign debtor country. It was only after the rst World Wart hat the U.S. became a net
foreign creditor.
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Figure 1.4: The U.S. CA and Changes in the NIIP: 1977-2010
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asset position fell by much less than the size of the current ecount de cit.

Of particular interest is the period leading to the great contraction of 2008.
The period 2002-2007 exhibited the largest current accounde cits since
1976. In each of these years, the current account de cit exaded 4 percent
of GDP, with a cummulative de cit of 3.9 trillion dollars, or 32 percent of
GDP. Nevertheless, the net international investment posiion increased by
0.08 trillion dollars. So there is a huge discrepancy of almst $4 trillion

between the accumulated current account balances and the @mnge in the
NIIP. This discrepancy is due to increases in the market vale of U.S.-
owned foreign assets relative to foreign-owned U.S. assetsWithout this

lucky strike, the U.S. net foreign asset position in 2007 wold have been an

external debt of about 43 percent of GDP instead of the actuall3 percent.
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Figure 1.5 plots the NIIP and the hypothetical NIIP that woul d have
occurred if no valuation changes had taken place since 1978{IP-NVC).

The hypothetical NIIP with no valuation changes (NIIP-NVC) is computed

Figure 1.5: The U.S. NIIP and the Hypothetical NIIP with No Va luation
Changes Since 1976
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Note: the actual NIIP data are from the Bureau of Economic Analy-
sis. The hypothetical NIIP with no valuation changes (NIIP- NVC) is
computed as the sum of the NIIP for 1976 and the cumulative sunmof
current account balances since 1977.

as the sum of the NIIP for 1976 and the cumulative sum of currehaccount
balances since 1977. It is clear from the graph that valuatia changes became

a predominant determinant of the NIIP after 2000.

What caused the enormous change in the value of assets in favof the

United States over the period 2002 and 2007? Milesi-Ferrett of the Inter-
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national Monetary Fund, decomposes this valuation changé€. During the
period 2002-2007, U.S.-owned assets abroad, mostly denamated in foreign
currency, increased in value by much more than foreign-owrg U.S. assets,
mostly denominated in U.S. dollars. The factors behind these asymmetric
changes in value are twofold: First, the U.S. dollar depreated relative to
other currencies by about 20 percent in real terms. A depreeéition of the U.S.
dollar increases the value of foreign-currency denominatké U.S.-owned as-
sets, while leaving unchanged the value of dollar-denomirtad foreign-owned
assets, thereby strengthening the U.S. NIIP. Second, the sick markets in
foreign countries signi cantly outperformed the U.S. stodk market. Speci -
cally, a dollar invested in foreign stock markets in 2002 retirned 2.90 dollars
by the end of 2007. By contrast, a dollar invested in the U.S. narket in
2002, yielded only 1.90 dollars at the end of 2007. These gairin foreign
equity resulted in an increase in the net equity position of he U.S. from an

insigni cant level in 2002 of below $0.04 trillion to $3 tril lion by 2007.

These enormous valuations changes, which allowed the UniteStates to
run unprecedented current account de cits without a conconitant deterio-
ration of its net international asset position, came to an alrupt end in 2008.
In that year, stock markets around the world plummeted. Because the net
equity position of the U.S. was so large at the beginning of 208, the decline
in stock prices in the U.S. and elsewhere inicted large losss on the value

of the U.S. equity portfolio.

%See Gian Maria Milesi-Ferretti, \A $2 Trillion Question," V. OX, January 28, 2009,
available online at http://www.voxeu.org
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1.5 The Negative-NIIP-Positive-NII Paradox: Dark

Matter?

We have documented that for the past quarter century, the United States
has had a negative net international investment position NIIP < 0). This
means that the United States has been a net debtor to the rest othe
world. One would therefore expect that on net the U.S. paid mae interest
and dividends to the rest of the world than it received. In other words,
we would expect that the net investment income component of he current
account be negative NIl < 0). This is, however, not observed in the data.
Take a look at gure 1.6. It shows the U.S. net investment incane and net

Figure 1.6: Positive Net Investment Income And Negative Net Foreign
Wealth: A Paradox? (United States 1976-2010)
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international investment position since 1976. NIl is positive throughout the
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sample, whereas NIIP has been negative since 1986.

How could it be that a debtor country, instead of having to make pay-
ments on its debt, receives income on it? Here are two explan@ns of this
paradox. One proposed by Ricardo Hausmann and Federico Staenegger is
that the the Bureau of Economic Analysis may underestimate he net foreign
asset holdings of the United States'® One source of underestimation could
be that American foreign direct investment contains entrepgreneurial human
capital that is not correctly re ected in the o cial balance -of-payments. At
the same time, the argument goes, this human capital may gemate income
for the U.S., which may be appropriately recorded. It thus becomes possi-
ble that the U.S. could display a negative net foreign asset psition and at
the same time positive net investment income. Hausmann and tBrzenegger
refer to the unrecorded U.S. owned foreign assets as dark ntat.

According to this hypothesis, how much dark matter was therein 2010?

Let TNIIP denote the true NIIP. Then we have that

TNIIP = NIIP + Dark Matter

Let r denote the interest rate on net foreign assets. Then it must kb true
that
NIl =r TNIIP

In 2010, NIl was equal to 174 billion dollars. Suppose thatr is equal to 5

percent. Then, we have thatTNIIP = 174=0:05 = 3:5 trillion dollars. Now

4See Hausmann Ricardo and Sturzenegger Federico, \U.S. and Gobal Imbalances:
Can Dark Matter Prevent a Big Bang?," working paper CID (Cent er For International
Development), Harvard University, 2005.
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the recorded NIIP in 2010 was -2.5 trillion dollars. This means that dark
matter in 2010 was 6 trillion dollars. This is a very big number to go under

the radar of the Bureau of Economic Analysis!

An alternative explanation for the paradoxical combination of positive
NIl and negative NIIP is that there is no dark matter, but that the United
States earns a higher interest rate on its foreign asset hoidgs than foreigners
earn on their U.S. asset holdings. The data show that foreigars typically
hold low-risk U.S. assets, such as Treasury Bills. These asts carry a low
interest rate. At the same time, Americans tend to purchase nore risky

foreign assets, such as foreign stocks, which earn relatiyehigh returns.

How big does the spread between the interest rate on U.S.-oved foreign
assets and the interest rate on foreign-owned U.S. assetsV®to be to explain
the paradox? Let A denote the U.S. gross foreign asset position ant the
U.S. gross foreign liability position. Further, let r” denote the interest rate

on A and rb the interest rate on L. Then, we have that

How big does the spread® rl have to be to support zero dark matter?
Suppose thatrt is 2 percent. This rate is roughly consistent with the
low returns observed on one-year U.S. Treasury securities.In 2010, the
U.S. gross foreign asset positionA) was 20.3 trillion dollars, whereas its
gross foreign liability position (L) was 22.8 trillion dollars. Recalling that
in 2010 U.S. net investment income (NIl) was 0.174 trillion dbllars and

using the above expression, we have that” is the solution to 0:174 =
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rA 20:3 0:02 228, which yieldsr”® = 3:1%. That is, we need an interest
rate spread of 1.1 percentage points to explain the paradox.This gure

seems more empirically plausible than 6 trillion dollars ofdark matter.

1.6 Who Lends and Who Borrows Around the
World?

The large observed U.S. current account de cits must be matbed by current
account surpluses of other countries with the United States Over the past
decade, an increasing fraction of the U.S. current accountelcit is accounted
for by current account de cits with China. Figure 1.7 displays the U.S.
current account with China as a fraction of the total U.S. current account
balance. This ratio was about 20 percent in 1999 and has beemdreasing
steadily, reaching a peak of 70 percent in 2009.

The expanding commercial relation between the United State and China
has reached a magnitude such that the respective total curngt accounts are
beginning to mirror each other. This phenomenon is evidentfom gure 1.8,
which displays the current account balances of the United Sates and China
as fractions of their respective GDPs. Since the mid 1990she U.S. widening
current account de cits have coincided with a growing path of Chinese cur-
rent account surpluses. Notice that the great contraction d 2008-2009 was
associated with a signi cant improvement in the U.S. current account and
an equally important contraction in the Chinese current acoount surplus.

At a global level, all current account balances must add up tozero. It

follows that by accumulating the current account balances @ each country
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Figure 1.7: The U.S. Current Account De cit With China
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Source: http://www.bea.gov . Note: The U.S. current account de cit
with China is expressed as a fraction of the total U.S. currehaccount
de cit.

over time, we can obtain an idea of which countries have beenlaying the role
of lenders and which the role of borrowers. The map in gure 19 presents
this information. It shows the cumulative current account of each country in
the world over the period 1980-2008. Cumulative surpluses@pear in green
and cumulative de cits in red. Darker tones correspond to larger cumulative
de cits or surpluses. As expected, the U.S. appears in deeped and China in
dark green. More generally, the pattern that emerges is thatover the past
three decades, the lenders of the world have been oil-expdang countries

(Russia, the Middle East, some Scandinavian countries, and/enezuela),
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Figure 1.8: The Current Accounts of China and the United States
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China, Japan, and Germany. The rest of the world has been bowwing
from these countries. One may wonder how this map will look inthe future.
Will the the debtor countries get out of the red? We take up this issue in

the next section.

1.7 Current Account Sustainability

A natural question that arises from our description of the recent history of
U.S. external accounts is whether the observed trade balamcand current

account de cits are sustainable in the long run. In this secion, we develop
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Figure 1.9: Borrowing and Lending Around the World
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Note: The graph shows for each country the sum of current acamnt balances in billions of U.S. dollars between 1980
and 2008. Source:http://commons.wikimedia.org/wiki/File:Cumulative_C urrent_Account_Balance.png ).
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a simple framework to address this question.

1.7.1 Can a Country Run a Perpetual Trade Balance De cit?

The answer to this question depends on the sign of a country'set interna-
tional investment position. A negative net international i nvestment position
means that the country as a whole is a debtor to the rest of the wrld. Thus,
the country must generate trade balance surpluses in the fuire in order to
service its foreign debt. Similarly, a positive net international investment
position means that the country is a net creditor to the rest of the world.
The country can therefore a ord to run future trade balance de cits.

Let's analyze this idea more formally. Consider an economyhat lasts for
only two periods, period 1 and period 2. LetT B denote the trade balance in
period 1, CA; the current account balance in period 1, andB, the country's
net international investment position (or net foreign assd position) at the
end of period 1. For example, if the country in question was tle United
States and period 1 was meant to be 2010, thelCA; = 4702 billion,
TB1 = 4957,andB; = 2;471 billion. Net investment income in period
1 is equal to the return on net foreign assets held by the coumy's residents
between periods 0 and 1. Let denote the interest rate paid on investments
held for one period andB, denote the net foreign asset position at the end

of period 0. Then

Net investment income in period 1 =B

In what follows, we ignore net international compensation o employees and
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net unilateral transfers by assuming that they are always egal to zero. Then
the current account equals the sum of net investment income rad the trade
balance, that is,

CA; =By + TBy: (1.1)

The current account, in turn, represents the amount by which the country's

net foreign asset position changes in period 1, that is,
CA]_ = Bl BO: (12)

Here we are abstracting from valuation changes. Combining@uations (1.1)

and (1.2) to eliminate CA1 yields:
B, =(1+ r)By+ TB1:

A relation similar to this one must also hold in period 2. So wehave that
B,=(1+ r)B; + TBy:

Combining the last two equations to eliminate B; we obtain

82 B TBZ_
1+r) Yoy

(1+71)Bg = (1.3)

Now consider the possible values that the net foreign assetgsition at the
end of period 2,B,, can take. If B, is negative B, < 0), it means that in
period 2 the country is acquiring debt to be paid o in period 3. However,

in period 3 nobody will be around to collect the debt because tie world
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ends in period 2. Thus, the rest of the world will not be willing to lend
to our country in period 2. This means that B, cannot be negative, or
B, 0. This restriction is known as the no-Ponzi-game condition® Can
B, be strictly positive? The answer is no. A positive value ofB, means
that the country is lending to the rest of the world in period 2. But clearly
the country will be unable to collect this debt in period 3 because, again,
the world ends in period 2. Thus, the country will never choo® to hold a
positive net foreign asset position at the end of period 2, tht is, it must be
the case thatB, 0. If B, can be neither positive nor negative, it must be
equal to zero:

B, =0:

This condition is known as the transversality condition. Using this expres-

sion, (1.3) becomes

TB>

(1+r)Bg= TB31 i+ r):

(1.4)

This equation states that a country's initial net foreign asset position must
equal the present discounted value of its future trade de cts. Our claim

that a negative initial net foreign wealth position implies that the country

5This constraint on terminal asset holdings is named after Ch arles K. Ponzi, who intro-
duced pyramid schemes in the 1920s in Massachusetts. To leam more about the remark-
able criminal career of Ponzi, visit http://www.mark-knutson.com . A recent example of
a Ponzi scheme is given by Bernard L. Mado 's fraudulent squa ndering of investments
valued around $64 billion in 2008. For more than 20 years Mado 's scheme consisted
in paying steady returns slightly above market to a large var iety of clients ranging from
hedge funds to university endowments to low-income retirees. When Mado 's own invest-
ments failed to produce such returns, the scheme required the acquisition of new clients
to survive. In the nancial crisis of 2008 the ow of new clien ts dried up and his scheme
imploded overnight. In June 2009, Bernard Mado, then 71 yea rs old, was sentenced to
150 years in prison.
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must generate trade balance surpluses in the future can be e#y veri ed

using equation (1.4). Suppose that the country is a net debto to the rest
of the world (B, < 0). Clearly, if it never runs a trade balance surplus
(TBy 0andTB, 0), then the left-hand side of (1.4) is negative while
the right-hand side is positive, so (1.4) would be violated.

Thus, the answer to the question of whether a country can run aper-
petual trade balance de cit is yes, provided the country's initial net foreign
asset position is positive. Because the U.S. is currently aet foreign debtor
to the rest of the world, it follows that it will have to run tra de balance
surpluses at some point in the future. This result extends toeconomies
that last for any number of periods, not just two. Indeed, the appendix
to this chapter shows that the result holds for economies thélast forever

(in nite-horizon economies).

1.7.2 Can a Country Run a Perpetual Current Account De cit?

In a nite-horizon economy like the two-period world we are sudying, the
answer to this question is, again, yes, provided the countris initial net
foreign asset position is positive. To see why, note that anxgression similar

to (1.2) must also hold in period 2, that is,

Bz Bl = CA2

Combining this expression with equation (1.2) to eliminate B, we obtain
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Imposing the transversality condition, B, = 0, it follows that

BO = CA: CAy: (1.5)

This equation says that a country's initial net foreign asse position must
be equal to the sum of its current account de cits. Suppose tke country's
initial net foreign asset position is negative, that is, B, < 0. Then for this
country to satisfy its intertemporal budget constraint (eq uation (1.5)) the
sum of its current account surpluses must be positive CA;+ CA, > 0), that

is, the country must run a current account surplus in at least one period.

This result is valid for any nite horizon. However, the appendix shows
that in an in nite horizon economy, a negative initial net fo reign asset posi-
tion does not preclude an economy from running perpetual cuent account
de cits. What is needed for the country not to engage in a Poni scheme is
that it pays periodically part of the interest accrued on its net foreign debt
to ensure that the foreign debt grows at a rate less than the iterest rate.
Because in this situation the country's net foreign debt is gowing over time,
the economy must devote an ever larger amount of resources.€i., it must
generate larger and larger trade surpluses) to servicing p& of its interest
obligations with the rest of the world. The need to run increasing trade
surpluses over time requires domestic output to also grow @r time. For
if output did not grow, the required trade balance surpluseswould exceed

GDP, which is impossible.
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1.8 Savings, Investment, and the Current Account

In this section, we show how to link, using accounting identties, the current
account to a number of familiar macroeconomic aggregatesush as savings,
investment, gross domestic product (GDP) and domestic absigption. These
accounting identities allow us to view current account de cits from a number
of perspectives and will be of use when studying the determiation of the

current account in a general equilibrium model.

1.8.1 Current Account De cits As Declines in the Net In-

ternational Investment Position

Recall the basic concept, introduced earlier, that in the alsence of valuation
changes, the current account measures the change in the netternational

investment position of a country:

where CA; denotes the country's current account in periodt and B, the
country's net international investment position at the end of periodt. The
current account is in de cit, CA; < 0, when the net international investment

position falls, B, B, ;< 0.

1.8.2 Current Account De cits As Re ections of Trade De cit

All other things equal, larger trade imbalances, or a largergap between

imports and exports, are re ected in larger current account de cits. This
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follows from the de nition of the current account. The curre nt account is
equal to the sum of the trade balance and net investment incora (again, we
are ignoring net international compensation to employees ad net unilateral
transfers):

CA{=TBi+ B, y; (1.6)

where T B; denotes the trade balance in period and r denotes the interest
rate.

The trade balance measures the di erence between a countrg' exports
and imports of goods and non- nancial services. That is, leting X; stand
for exports in period t and IM ; for imports in period t, the trade balance is
given by

TBi= X; IM¢ (1.7)

The di erence between the amount of goods and services a cotny pro-
duces domestically and the amount of goods and services a auwy uses
for consumption and investment purposes must necessarilyd equal to the
di erence between the country's exports and imports, whichis precisely the

trade balance.

1.8.3 The Current Account As The Gap Between Savings

and Investment

The current account is in de cit when investment exceeds saings. To see
this, let Q; denote the amount of goods and services produced domestital
in period t. This measure of output is typically referred to as gross domastic

product (GDP). Let C; denote the amount of goods and services consumed
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domestically in period t and |; denote the amount of goods and services
used for domestic investment (in plants, infrastructure, €c.) in period t.
We will refer to C; and |; simply as consumption and investment in period

t, respectively. Then we have

Xt IMi=Q Ct Iy

or, combining this expression with equation (1.7),

TBt=Qt C¢ It (1.8)

Plugging this relation into equation (1.6) yields

CAt:rBt 1t Qt Ct It

The sum of GDP and net investment income, is called national ncome, or
gross national product (GNP). We will denote national income in period t
by Vi, that is,

Y= Qi+ By g

Combining the last two expressions results in the followingrepresentation
of the current account

CAt =Y Ct It (19)
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National savings, which we will denote by S;, is de ned as the di erence

between income and consumption, that is,

St: Yi Ct:

It then follows from equation (1.9) that the current account is equal to

savings minus investment,

CAt = St l¢: (110)

According to this relation, a decit in the current account o ccurs when
a country's investment exceeds its savings. Conversely, aucrent account

surplus obtains when a country's investment falls short of {s savings.

1.8.4 The Current Account As the Gap Between National

Income and Domestic Absorption

The current account is in de cit when domestic absorption of goods and
services exceeds national income. A country's absorptionwhich we denote

by A:, is de ned as the sum of consumption and investment,

Air= Ci + 1y

Combining this de nition with equation (1.9), the current a ccount can be

expressed as the di erence between income and absorption:

CAt =Y: At (111)
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Summing up, we have derived four alternative expressions fahe current

account:

CA; = I'Bt 1+ TBq
CA; = & Iy

CAt = Yt At

which emphasize the relationship between the current accaut and alter-
native macroeconomic aggregates: respectively, the accurdation of foreign
assets, the trade balance, savings and investment, and inooe and absorp-
tion. All four of the above expressions represent accountig identities that

must be satis ed at all times in any economy.

1.9 Appendix: Perpetual Trade-Balance and Current-

Account De cits in In nite-Horizon Economies

Suppose that the economy starts in period 1 and lasts inde niiely. The net

foreign asset position at the end of period 1 takes the famitir form

Bl = (1+ r)Bo+ TB]_,

Solve forB, to obtain

: (1.12)
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Now shift this expression one period forward to yield

B. = B, TBy
Y7 140 1+

Use this formula to eliminate B; from equation (1.12) to obtain

_ B, TB1 B, |
A+n2 1+r (@+7r)%

Bo

Shifting (1.12) two periods forward yields

B. = Bs TB3
27 141 1+r°

Combining this expression with the one right above it, we obfin

_ Bj TB: TB> TBs
T @+r)d 1+r (A+r)2 (1+r)3

Bo

Repeating this iterative procedure T times results in the relationship

B, TB;  TB; TBt

BT @E0T Ter @z @snn

(1.13)

In an in nite-horizon economy, the no-Ponzi-game constrant becomes

. Br
lim ——
T (1L+n)T
This expression says that the net foreign debt of a country mst grow at
a rate less thanr. Note that having a debt that grows at the rate r (or

higher) is indeed a scheme in which the principal and the inteest accrued
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on the debt are perpetually rolled over. That is, it is a schene whereby the
debt is never paid o. The no-Ponzi-game constraint precluces this type
of situations. At the same time, the country will not want to h ave a net
credit with the rest of the world growing at a rate r or higher, because that
would mean that the rest of the world forever rolls over its deébt with the

country in question. This means that the path of net investment positions

must satisfy lim; 0: This restriction and the no-Ponzi-game

_Br _
a+nT
constraint can be simultaneously satis ed only if the following transversality
condition holds:

. Br
| =
T 1+nT

Letting T go to in nity and using this transversality condition, equa tion (1.13)

becomes
TBq TB»>
1+r (1+7r)2

By =

This expression states that the initial net foreign asset paition of a country
must equal the present discounted value of the stream of cuant a future
expected trade de cits. Clearly, if the initial foreign asset position of the
country is negative (B, < 0), then the country must run trade balance
surpluses at some point. We conclude that regardless of whieer we consider
a nite horizon economy or an in nite horizon economy, a country that

starts with a negative net foreign asset positions cannot ra perpetual trade

balance de cits.

We next reconsider the question of whether a country can run prpetual
current account de cits. In section 1.7, we show that in a nite-horizon

economy a country whose initial net foreign asset positions negative cannot
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run perpetual current account de cits. We will now show that this result
does not necessarily carry over to an in nite-horizon econmy. We can write
the evolution of the country's net foreign asset position ata generic period
t=1:2;3;::: as

B =(1+ r)B; {+ TBy:

Suppose that the initial net foreign asset positions of the ountry, B is
negative. That is, the country starts out as a net debtor to the rest of the
world. Consider an example in which each period the country gnerates a
trade balance surplus su cient to pay a fraction  of its interest obligations.
That is,

TB¢ = B 1

where the factor is between 0 and 1. This policy gives rise to the following

law of motion for the net foreign asset position:

B, =(1+r r)B; i

Notice that becauseB,, is negative and because 1# r is positive, we have
that the net foreign asset position of the country will be forever negative.
This in turn means that each period, the country runs a currert account
decit. To see this, recall that the current account is given by CA; =

rB; ;+ TBt, which, given the assumed debt-servicing policy, resultsn

CAt=r(1 )B; g
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A natural question is whether the country is satisfying the transversality
condition. The law of motion of B; given above implies that

B, =(1+ r r)'Bg:

It follows that
B, _ 1+r@ '
1+ )t 1+

Bo;

which converges to zero a$ becomes large because 18> 1+ r(1 ).
Notice that under the assumed policy the trade balance evolgs according

to

TBy= r[l+r@ )]'Bg:

Thatis, T B¢ grows unboundedly over time at the rater(1 ). In order for a
country to be able to generate this path of trade balance surfuses, its GDP
must be growing over time at a rate equal or greater thanr (1 ). If this

condition is satis ed, the repayment policy described in this example would
support perpetual current account de cits even if the initi al net foreign asset

position is negative.



Chapter 2

A Theory of Current

Account Determination

In this chapter, we build a model of an open economy to study tke determi-
nants of the trade balance and the current account. In partialar, we study
the response of the trade balance and the current account to aariety of
economic shocks, such as changes in income and the world imtst rate. We
pay special attention to how those responses depend on wheththe shocks

are of a permanent or temporary nature.

2.1 A Small Open Economy

We say that an economy is open when it trades in goods and nanal as-
sets with the rest of the world. We say that an economy is smallwhen
world prices and interest rates are independent of the levebf any domestic

economic variable. Most countries in the world are small ope economies.

39
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Examples of highly developed small open economies are the tierlands,
Switzerland, Austria, New Zealand, Australia, Canada, and Norway. Ex-
amples of emerging small open economies are Chile, Peru, Boh, Greece,
Portugal, Estonia, Latvia, and Thailand. Large open econonies are the
United States, Japan, Germany, and the United Kingdom. China is an ex-
ample of a large economy that is in transition from closed to @en. There
are not many examples of completely closed economies. Pentgthe most
notable cases are North Korea, Cuba, and Iran. The economiciz of an
economy may not be related to its geographic size. For examep| Australia
and Canada are geographically large, but economically smklOn the other
hand, Japan, Germany, the United Kingdom, and France, are gegraphi-
cally small, but economically large. Also, demographic andeconomic size
may not be correlated. For example, India is demographicail large, but

remains economically small.

Consider a small open economy in which people live for two pérds, 1
and 2, and are endowed withQ; units of goods in period 1 andQ, units
in period 2. Goods are assumed to be perishable in the senseaththey
cannot be stored from one period to the next. In addition, howseholds are
assumed to be endowed wittB, units of a bond. In period 1, these bond
holdings generate interest income in the amount of oB,, wherero denotes
the interest rate on bonds held between periods 0 and 1. In pérd 1, the
household's income is given by the sum of interest on its bondioldings and
its endowment of goods,roB, + Q1. The household can allocate its income
to two alternative uses: purchases of consumption goods, vith we denote

by C1, and purchases of bondsB,; B, where B, denotes bond holdings
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at the end of period 1. Thus, in period 1 the household faces #h following
budget constraint:

Ci+ By Bg=roBg+ Qu (2.1)

Similarly, in period 2 the representative household faces aonstraint stating

that consumption expenditure plus bond purchases must equaincome:
C2+ Bz Bl = rlBl + Q21 (22)

where C, denotes consumption in period 2,r; denotes the interest rate on
assets held between periods 1 and 2, anl, denotes bond holdings at the
end of period 2. As explained in chapter 1, by the no-Ponzi-gane constraint
households are not allowed to leave any debt at the end of pesd 2, that is,

B, must be greater than or equal to zero. Also, because the worli$ assumed
to last for only 2 periods, agents will choose not to hold any psitive amount

assets at the end of period 2, as they will not be around in pedd 3 to spend
those savings in consumption. Thus, asset holdings at the ehof period 2
must be exactly equal to O:

B, =0: (2.3)

Combining the budget constraints (2.1) and (2.2) and the teminal condition
(2.3) to eliminate B; and B,, gives rise to the following lifetime budget

constraint of the household:

Co Q2

Ci+ =(1+ rg)By+ Q1+ :
e — ( 0)Bo + Q1 T+1,

(2.4)
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Figure 2.1: The intertemporal budget constraint
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This intertemporal budget constraint requires that the present discounted
value of consumption (the left-hand side) be equal to the infial stock of
wealth plus the present discounted value of the endowment seam (the
right-hand side). The household chooses consumption in parxds 1 and 2,
C; and C,, taking as given all other variables appearing in (2.4), nanely,

rO! r11 BO1 Ql1 and QZ-

Figure 2.1 displays the pairs Cy;C,) that satisfy the household's in-
tertemporal budget constraint (2.4). For simplicity, we assume for the re-
mainder of this section that the household's initial asset msition is zero,
that is, we assume thatB, = 0. Then, clearly, the basket C; = Qi and
Co = Q2 (point A in the gure) is feasible in the sense that it satis e s the
intertemporal budget constraint (2.4). In words, the household can eat his

endowment in each period. But the household's choices are hdimited to
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this particular basket. In period 1 the household can consure more or less
than Q1 by borrowing or saving the amountC; Q3. If the household wants
to increase consumption in one period, it must sacri ce someonsumption
in the other period. In particular, for each additional unit of consumption in
period 1, the household has to give up 1+ units of consumption in period
2. This means that the slope of the budget constraintis (1+r1). Note that
points on the budget constraint located southeast of point Acorrespond to
borrowing (or dissaving) in period 1. Letting S; denote savings in period
1, we have thatS; = rgBy+ Q1 C1 = Q1 C; < 0 (recall that we are
assuming that B, = 0). At the same time, the fact that S; < 0 implies, by
the relation S; = B; B, that the household's asset position at the end of
period 1, B4, is negative. This in turn implies that a point on the budget
constraint located southeast of the endowment pointA is also associated
with positive saving in period 2 becauseS; = B, B; = B; > 0 (recall
that B, = 0). On the other hand, points on the budget constraint located
northwest of A are associated with positive saving in periodl and dissaving
in period 2. If the household chooses to allocate its entireifietime income to
consumption in period 1, thenC; would equal Q;+ Q>=(1+r1) and C, would
be nil. This point corresponds to the intersection of the budyet constraint
with the horizontal axis. If the household chooses to allocte all its lifetime
income to consumption in period 2, thenC, would equal (1 +r1)Q1 + Q2
and C, would be nil. This basket is located at the intersection of the budget

constraint with the vertical axis.

Which consumption bundle on the budget constraint the housdold will

choose depends on its preferences. We will assume that hohsdds like both
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C: and C, and that their preferences can be described by the utility function

U(Cy1;Cy); (2.5)

where the function U is strictly increasing in both arguments. Figure 2.2

displays the household's indi erence curves. All consumpibn baskets on a

Figure 2.2: Indi erence curves

given indi erence curve provide the same level of utility. Because consump-
tion in both periods are goods, that is, items for which more & preferred
to less, as one moves northeast in gure 2.3, utility increass. Note that
the indi erence curves drawn in gure 2.2 are convex toward the origin, so
that at low levels of C; relative to C, the indi erence curves are steeper

than at relatively high levels of C;. Intuitively, the convexity of the indif-
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ference curves means that at low levels of consumption in paxd 1 relative
to consumption in period 2, the household is willing to give wp relatively
many units of period-2 consumption for an additional unit of period-1 con-
sumption. On the other hand, if period-1 consumption is highrelative to
period-2 consumption, then the household will not be willing to sacri ce
much period-2 consumption for an additional unit of period-1 consumption.
The negative of the slope of an indi erence curve is known ashe marginal
rate of substitution of C, for C;. Therefore, the assumption of convexity
means that along a given indi erence curve, the marginal rat of substitution
decreases withC;.
Households choos€; and C, so as to maximize the utility function (2.5)

subject to the lifetime budget constraint (2.4). Figure 2.3 displays the life-

Figure 2.3: Equilibrium in the endowment economy

N
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time budget constraint together with the household's indi erence curves. At
the feasible basket that maximizes the household's utility the indi erence
curve is tangent to the budget constraint (point B). Formall y, the tangency
between the budget constraint and the indi erence curve is gven by the

following rst-order condition of the household's maximization problem:

U1(C1;C2) = (1 + r1)Ux(Cy; Co); (2.6)

where U1(C1; Cy) and U,(Cq; C,) denote the marginal utilities of consump-
tion in periods 1 and 2, respectively. The marginal utility of consumption in
period 1 indicates the increase in utility resulting from the consumption of
an additional unit of C; holding constant C,. Similarly, the marginal utility

of period 2 consumption represents the increase in utility asociated with a
unit increase in C, holding constant C;. Technically, the marginal utilities

of C; and C, are de ned as the partial derivatives of U(Cy; C,) with respect

to C1 and Cy, respectively. That is,

@UCy; Cy)
Ui(Cy;C) = ———=
1(C1;C) @G
and
@UCy; Co)
Uy(Cy;Co) = ———==:
2(C1;C2) @G
The ratio % represents the negative of the slope of the indi erence

curve at the basket (Cy; C,), or the marginal rate of substitution of C, for
C:. To see that (2.6) states that at the optimum the indi erence curve is

tangent to the budget constraint, divide the left and right h and sides of that
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equation by U,(Cy; C,) to obtain

U1(Cy;Co) _

Ux(C1;Co) (1+ 1)

and recall that (1 + rq) is the slope of the budget constraint.

Condition (2.6) is quite intuitive. Suppose that the consumer sacri ces
one unit of consumption in period 1 and saves it by buying a bod paying the
interest rate ry in period 2. Then his utility in period 1 falls by U;(Cy; Cy).
In period 2, he receives 1 +r; units of consumption each of which gives
him U,(Cq; Cy) units of utility, so that his utility in period 2 increases by
(1 + ry)Uy(Cq; Cy). If the left-hand side of (2.6) is greater than the right-
hand side, then the consumer can increase his lifetime utily by saving less
(and hence consuming more) in period 1. Conversely, if the fehand side
of (2.6) is less than the right-hand side, then the consumer ll be better o
saving more (and consuming less) in period 1. At the optimal docation,
the left- and right-hand sides of (2.6) must be equal to each ther, so that
in the margin the consumer is indi erent between consuming a extra unit

in period 1 and consuming 1 +r4 extra units in period 2.1

2.1.1  Equilibrium

We assume that all households are identical. Thus, by studyig the behavior

of an individual household, we are also learning about the beavior of the

1One way of obtaining (2.6) is to solve for C; in (2.4) and to plug the result in the
utility function (2.5) to get rid of C,. The resulting expression isU(C1; (1+ ro)(1+ r1)Bo+
(1+r1)Q1+ Q2 (1+ r1)C1) and depends only on C; and other parameters that the
household takes as given. Taking the derivative of this expression with respect to C; and
setting it equal to zero|which is a necessary condition for a maximumlyields (2.6).
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country as a whole. For this reason, we will not distinguish etween the
behavior of an individual household and that of the country as a whole. To
keep things simple, we further assume that there is no inveshent in physical
capital. In chapter 3, we will allow for production and capit al accumulation.
Finally, we assume that the country has free access to interational nancial

markets. This means that the domestic interest rate,r;, must be equal to

the world interest rate, which we will denote by r , that is,

If this condition is satis ed we will say that interest rate parity holds. The
country is assumed to be su ciently small so that its savings decisions do
not a ect the world interest rate. Because all households ae identical, at
any point in time all domestic residents will make identical saving decisions.
This implies that domestic households will never borrow or &€nd from one
another and that all borrowing or lending takes the form of purchases or sales
of foreign assets. Thus, we can interpreB; (t = 0;1;2) as the country's
net foreign asset position (or, in the terminology of the Bureau of Economic
Analysis, the country's net international investment position), at the end
of period t. Furthermore, the assumption that all households are idenical
implies that the intertemporal budget constraint of an indi vidual household,
given by equation (2.4), can be interpreted as the country'sintertemporal

resource constraint.

An equilibrium then is a consumption bundle (Cq;C,) and an inter-

est rate r, that satisfy the country's intertemporal resource constraint, the
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household's rst-order condition for utility maximizatio n, and interest rate

parity, that is,
Co Q2
+ =(1+ + Qq+
C1 ir1, (1+ ro)Bo+ Q1 11,
U1(C1; Co) = (1 + r1)Ux(Cyq; Cy);
and

r=r;,

given the exogenous variable$ro; B,; Q1; Q2;r g. Here, the term exogenous
refers to variables whose values are determined outside ohé model. For
instance, the initial net foreign asset positionB, is determined in period O,
before the consumers in our economy were born. The world intest rate, r ,
is determined in world nancial markets, which our economy cannot a ect
because it is too small. And the endowment levelsQ: and Q, represent
manna-type receipts of goods whose quantity and timing liesoutside of
consumers' control.

It is useful at this point to revisit the basic balance-of-payments account-
ing in our two-period model. We rst show that the intertempo ral resource
constraint of the country can be expressed in terms of currehand expected
future trade balances. Begin by rearranging terms in the inertemporal re-
source constraint (2.4) to express it in the form

(Q2 Cy) :

(I+r10)Bp= (Q1 Cy) 1v1,

In our simple economy, the trade balance in period 1 equals th di erence



50 S. Schmitt-Grole and M. Uribe

between the endowment of goods in period 1Q,, and consumption of goods
in period 1, Cq, that is, TB; = Q1 C;. Similarly, the trade balance in
period 2 is given by TB, = Q2 C,. Using these expressions fol B; and
TB» and recalling that in equilibrium ry = r , we can write the country's

intertemporal resource constraint as:

TBy
1+r °

(1+ I'Q)BO = TB3 (27)

This expression, which should be familiar from chapter 1, sates that a
country's present discounted value of trade de cits (the right-hand side)
must equal its initial net foreign asset position including net investment
income (the left-hand side). If the country starts out as a debtor of the rest
of the world (B, < 0), then it must run a trade surplus in at least one period
in order to repay its debt (TB1 > 0 or TB, > 0 or both). Conversely, if at
the beginning of period 1 the country is a net creditor 8, > 0), then it can
use its initial wealth to nance current or future trade de c its. In particular,

it need not run a trade surplus in either period. In the specid case in which
the country starts with a zero stock of foreign wealth (B, = 0), a trade

de cit in one period must be o set by a trade surplus in the oth er period.

The country's intertemporal resource constraint can also & written in
terms of the current account. To do this, recall that the current account
is equal to the sum of net investment income and the trade balace. Thus
in period 1 the current account is given by CA; = roBy + TB1 and the

current account in period 2 is given byCA, = r B, + TB,. Using these two
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de nitions to eliminate TBi and T B, from equation (2.7) yields

(CA2 r By).

1+ B, = CA B
( ro)Bo (CA1 r10By) 1+7

Note that the term roB, appears on the left- and right-hand sides, and
can therefore be eliminated. Also, using the de niton CA, = B, B, to

eliminate B, and recalling that B, = 0, we obtain, after collecting terms,
BO = CA]_ CAzZ

This alternative way of writing the intertemporal resource constraint makes
it clear that if the country is an initial debtor, then it must run a current
account surplus in at least one period CA1 > 0 or CA, > 0). On the other
hand, if the country starts out as a net creditor to the rest of the world,
then it can run current and/or future current account de cit s. Finally, if the
country begins with no foreign debt or assets B, = 0), a current account
de cit in one period must be o set by a current account surplus in the other

period.

The equilibrium in our small open economy is shown as point Bn g-
ure 2.3. At the equilibrium allocation, the country runs a tr ade de cit
in period 1, that is, Q1 C;i is negative. Also, recalling our maintained
assumption that foreign asset holdings in period 0 are nil B, = 0), the
current account in period 1 equals the trade balance in that @riod (CA1 =
roBy+ TB1 = TBj1). Thus, in equilibrium, the current account is in de cit

in period 1. In turn, the current account de cit in period 1 im plies that the
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country starts period 2 as a net debtor to the rest of the world As a result,
in period 2 the country must generate a trade surplus to repaythe debt plus

interest, thatis, TBo = Qo Cy > 0.

2.2 Temporary Versus Permanent Output Shocks

What is the e ect on the current account of an increase in output? It turns

out that this question, as formulated, is incomplete, and, & a result, does
not have a clear answer. The reason is that in a world in which gents
make decisions based on current and future expected chang#és the eco-
nomic environment, one needs to specify not only what the cuent change
in the environment is, but also what the future expected charges are. The
information that current output changes does not tell us in what direction,

if any, future output is expected to move. Consider the follaving example.
The income earner of a family falls ill and therefore cuts hiswork week by
half. How should the members of the household adjust their cosumption
expenditures in response to this exogenous shock? It realldepends on the
severity of the illness a ecting the head of the household. f the illness is
transitory (a cold, say), then the income earner will be expeted to be back
on a full-time schedule in a short period of time (within a wee, say). In

this case, although the family is making no income for one wde there is
no reason to implement drastic adjustments in spending patérns. Con-
sumption can go on more or less as usual. The gap between spémgl and
income during the week in which the bread winner of the familyis out of

commission can be covered with savings accumulated in the gaor, if no
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savings are available, by borrowing a little against future earnings. Future
consumption should not be much a ected either. For, due to the fact that
the period during which income was reduced was short, the irdrest cost of
the borrowing (or decumulation of wealth) that took place during that time

is small relative to the level of regular income. However, ifthe aiction is

of a more permanent nature (a chronic back injury, say), thenone should
expect that the reduction in the work week will be of a permaneat nature.

In this case, the members of the household should expect notnty current
but also future income to go down. As a result consumption mushbe per-
manently adjusted downward by cutting, for instance, items that are not

fully necessary, such as extra school activities, restaurd meals, etc.

The general principle that the above example illustrates isthat forward-
looking, optimizing individuals will behave di erently in response to an in-
come shock depending on whether it is of a temporary or permamt nature.
They will tend to nance temporary income shocks, by increasng savings
if the temporary shock is positive or by dissaving if the temporary shock
is negative, On the other hand, they will adjust in response b permanent
income shocks, by cutting consumption if the permanent shok is negative
or by increasing consumption if the permanent shock is posite. This same
principle can by applied to countries as a whole. In the next tvo subsec-
tions, we develop this principle more formally in the contex of our model

of current account determination.
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2.2.1 Temporary Output Shocks

Consider the adjustment of a small open economy to a temporar variation
in output. For example, suppose that Ecuador looses 20 pereg of its ba-
nana crop due to a drought. Suppose further that this declinein output is
temporary, in the sense that it is expected that next year the banana crop
will be back at its normal level. How would such a shock a ect ®nsump-
tion, the trade balance, and the current account? Intuitively, Ecuadorian
households will cope with the negative income shock by runmig down their
savings or even borrowing against their future income level, which are unaf-
fected by the drought. In this way, they can smooth consumptbn over time
by not having to cut current spending by as much as the declinen current
output. It follows that the temporary drought will induce a w orsening of

the trade balance and the current account.

Formally, assume that the negative shock produces a declini& output in
period 1 from Q; to Q1 < Q 1, but leaves output in period 2 unchanged.
The situation is illustrated in gure 2.4, where A indicates the endowment
point before the shock Q1; Q») and A°the endowment point after the shock
(Q1 Q). Note that because Q, is unchanged pointsA and A°can be
connected by a horizontal line. As a consequence of the deab in Qq, the
budget constraint shifts toward the origin. The new budget constraint is
parallel to the old one because the world interest rate is uniianged. The
household could adjust to the output shock by reducing consmption in
period 1 by exactly the amount of the output decline, , thus | eaving con-

sumption in period 2 unchanged. However, if bothC; and C, are normal
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Figure 2.4: A temporary decline in output and the intertemporal budget

constraint

S,

I

Q-D Q c,

goods (i.e., goods whose consumption increases with incojnéhe household
will choose to smooth consumption by reducing bothC,; and C,. Figure 2.5
depicts the economy's response to the temporary output shdc As a result
of the shock, the new optimal consumption bundle, B, is located southwest
of the pre-shock consumption allocation, B. In smoothing casumption over
time, the country runs a larger trade de cit in period 1 (recall that it was
running a trade de cit even in the absence of the shock) and rances it by
acquiring additional foreign debt. Thus, the current account deteriorates.
In period 2, the country must generate a larger trade surplusthan the one
it would have produced in the absence of the shock in order to @y back the
additional debt acquired in period 1.

The important principle to take away from this example is that tempo-
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Figure 2.5: Adjustment to a temporary decline in output

rary negative income shocks are smoothed out by borrowing ém the rest
of the world rather than by fully adjusting current consumpt ion by the size
of the shock. Question: How would the economy respond to a temporary

positive income shock?]

2.2.2 Permanent Output Shocks

The pattern of adjustment to changes in income is quite di erent when
the income shock is of a more permanent nature. To continue wth the
example of the drought in Ecuador, suppose that the drought § not just a
one-year event, but is expected to last for many years due tolgbal climate
changes. In this case, it would not be optimal for householdgo borrow

against future income, because future income is expected tbe as low as
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current income. Instead, Ecuadorian consumers will have taadjust to the
new climatic conditions by cutting consumption in all periods by roughly
the size of the decline in the value of the banana harvest.

Formally, consider a permanent negative output shock that ieduces both

Q1 and Q. by . Figure 2.6 illustrates the situation. As a result of the

Figure 2.6: Adjustment to a permanent decline in output

»N

B¢

\j

decline in endowments, the budget constraint shifts to the &ft in a parallel
fashion. The new budget constraint crosses the point Q; Q2 ).

As in the case of a temporary output shock, consumption-smothing agents
will adjust by reducing consumption in both periods. If consumption in each
period fell by exactly , then the trade balance would be una ected in both
periods. In general the decline in consumption should be exgrted to be

close to , implying that a permanent output shock has little consequences
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for the trade balance and the current account.

Comparing the e ects of temporary and permanent output shoks on
the current account, the following general principle emerg@s: Economies will
tend to nance temporary shocks (by borrowing or lending on international
capital markets) and adjust to permanent ones (by varying caxsumption in
both periods up or down). Thus, temporary shocks tend to prodice large
movements in the current account while permanent shocks ted to leave the

current account largely unchanged.

2.3 Terms-of-Trade Shocks

Thus far, we have assumed that the country's endowment£); and Q» can
be either consumed or exported. This assumption, although seful to under-
stand the basic functioning of our small open economy, is chely unrealistic.
In reality, the goods that account for most of a country's exports represent
only a small fraction of that country's consumers' baskets. For instance,
some countries in the Middle East are highly specialized in lhe production
of oil and import a large fraction of the goods they consume. © capture
this aspect of the real world, let us now modify our model by asuming that
the good households like to consume, say food, is di erent &fm the good
they are endowed with, say oil. In such an economy, bothC; and C, must
be imported, while Q1 and Q, must be exported. Let PM and PX denote
the prices of imports and exports, respectively. A countrys terms of trade,
TT, is the relative price of a country's exports in terms of impats, that

is, TT PX=PM . In terms of our example, TT represents the price of oil
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in terms of food. Thus, TT indicates the amount of food that the country
can buy from the sale of one barrel of oil. Assuming that forgjn assets
are expressed in units of consumption, the household's budg constraints

in periods 1 and 2, respectively, are:
Ci+ By Bgp=r10oBpg+ TT1Q1

and

Cy + BZ Bl = I’]_Bl + TT2Q2:

These budget constraints are identical to (2.1) and (2.2) exept for the fact
that the terms of trade are multiplying the endowments. Using the terminal
condition B, = 0, the above two equations can be combined to obtain the

following lifetime budget constraint:

Co TT2Q:.

Cq+ =1+ rg)By+ TT + :
TN ( 0)Bo 1Q1 Tor,

Comparing this lifetime budget constraint with the one given in equation
(2.4), it is clear that terms of trade shocks are just like output shocks. Thus,
in response to a transitory terms of trade deterioration (a transitory decline
in TT), the economy will not adjust consumption much and instead will
borrow on the international capital market, which will result in a current
account de cit. On the other hand, in response to a permanentterms of
trade deterioration (i.e., a fall in both TTy, and TT>), the country is likely
to adjust consumption down, with little change in the trade balance or the

current account.
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2.4 \World Interest Rate Shocks

An increase in the world interest rate,r , has two potentially opposing e ects
on consumption in period 1. On the one hand, an increase in thinterest rate
makes savings more attractive because the rate of return orofeign assets is
higher. This e ect is referred to as the substitution e ect, because it induces
people to substitute future for present consumption throuch saving. By the
substitution e ect, a rise in the interest rate causes consunption in period
1 to decline and therefore the current account to improve. Onthe other
hand, an increase in the interest rate makes debtors poorerral creditors
richer. This is called the income e ect. By the income e ect, an increase
in the interest rate leads to a decrease in consumption in péod 1 if the
country is a debtor, reinforcing the substitution e ect, bu t to an increase
in consumption if the country is a creditor, o setting (at le ast in part) the
substitution e ect. We will assume that the substitution e ect is stronger
than the income e ect, so that savings increases in responge an increase in
interest rates. Therefore, an increase in the world interesrate, r , induces a
decline in C; and thus an improvement in the trade balance and the current

account in period 1.

Figure 2.7 describes the case of an increase in the world imtest rate from
r tor + . We deduced before that the slope of the budget constraint
is given by (1+ r ). Thus, an increase inr makes the budget constraint
steeper. Because the household can always consume its endaoant (recall
that B is assumed to be zero), pointA must lie on both the old and the

new budget constraints. This means that in response to the iorease inr ,
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Figure 2.7: Adjustment to a world interest rate shock
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the budget constraint rotates clockwise through point A. The initial optimal

consumption point is given by point B, where the household isborrowing
in period 1. The new consumption allocation is point B, which is located
west of the original allocation, B. The increase in the worldinterest rate is
associated with a decline inC, and thus an improvement in the trade balance
and the current account in period 1. Note that because the hogehold was
initially borrowing, the income and substitution e ects tr iggered by the rise

in the interest rate reinforce each other, so savings increse unambiguously.

2.5 An Economy with Logarithmic Preferences

Thus far, we have used a graphical approach to analyze the detmination

of the current account in the two-period small open economy. We now
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illustrate, by means of an example, the basic results using ra algebraic

approach. Let the utility function be of a log-linear type:
U(Cl; Cz) =In C; +In Cy;

where In denotes the natural logarithm. In this case the margnal utility of

consumption in the rst period, U1(Cs; Cy), is given by

@LQC]_;Cz) _ @In C1+In Cz) _ i
@¢ @e S G

U1(Cq;Cp) =

Similarly, the marginal utility of period 2 consumption, Uy(Cgq; Cy) is given

by
@UCy;C2) _ @InCi+InCp) _ 1

Ux(Cy;C) = @c @c %

Here we used the fact that the derivative of the function Inx is 1=x, that is,
@n x=@x= 1=x. The household's rst-order condition for utility maximiz a-

tion says that the optimal consumption allocation must satisfy the condition
U1(C1; C2) = (1 + r1)U(Cyq; C):

For the logarithmic form of the utility function considered here, the above

optimality condition becomes

1 1
o = g (2.8)
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Next, consider the intertemporal resource constraint of tre economy (2.4):

Co
1+rq

Q2

Ci+ :
! 1+rq

=1+ rg)Bp+ Q1+

Dene Y =(1+ ro)By+ Q1+ 1951. The variable Y represents the present

discounted value of the household's total wealth, which is omposed of his
initial asset holdings and the stream of income Qi;Q,). Note that the

household takesY as given. We can rewrite the above expression as

Co
Ci=Y : 2.9
1 irr, (2.9)

Combining this expression with (2.8), yields

This result says that households nd it optimal to consume hdlf of their

lifetime wealth in the rst half of their lives.

In period 1, the trade balance is the di erence between outpt and do-
mestic spending, orTB; = Q; Cy, and the current account is the sum
of the trade balance and interests received on net foreign asts holdings,
or CA;1 = roBy + TB1. Using the de nition of Y and the fact that in
equilibrium the domestic interest rate must equal the world interest rate, or

r{ = r , we have that C, C,, TB;, and CA; are given by

(L+ rg)By+ Qp + Q2 (2.10)

C1= 1+r
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Q2

1

= -(1+ + + + )

Co= Z(L+1) (L+ 1B+ Qu+ 7 (2.11)
1 Q2

= — + .

TB]_ > Ql (1 I'Q)BO 1+1 (2 12)
1 Q2

= + — + .

CA]_ I'QBO > Ql (1 I'Q)BO 1+7 (2 13)

Consider the e ects of temporary and permanent output shocls on the
trade balance and the current account. Assume rst that income falls tem-
porarily by one unit, that is, Qi decreases by one an, is unchanged. It
follows from (2.12) and (2.13) that the trade balance and thecurrent ac-
count both fall by half a unit. This is because consumption inperiod 1 falls

by only half a unit.

Suppose next that income falls permanently by one unit, thatis, Q1 and
Q> both fall by one. Then the trade balance and the current accont decline

by 2:L—. Consumption in period 1 falls by 12+ For realistic values of

r , the predicted deterioration in the trade balance and current account
in response to the assumed permanent negative income shock close to
zero and in particular much smaller than the deterioration associated with
the temporary negative income shock. For example, assume #t the world
interest rate is 10 percent,r = 0:1. Then, both the trade balance and
the current account in period 1 fall by 0.046 in response to te permanent
output shock and by 0.5 in response to the temporary shock. Tht is, the
current account deterioration is 10 times larger under a tenporary shock

than under a permanent one.

Finally, consider the e ect of an increase in the world interest rate r .
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Clearly, in period 1 consumption falls and both the trade balnce and the
current account improve. Note that the decline in consumption in period 1 is
independent of whether the country is a net foreign borroweror a net foreign
lender in period 1. This is because for the particular prefeence speci cation
considered in this example, the substitution e ect always dominates the

income e ect.

2.6 Capital Controls

Current account de cits are often viewed as bad for a country The idea
behind this view is that by running a current account de cit t he economy
is living beyond its means. As a result, the argument goes, athe country
accumulates external debt, it imposes future economic harship on itself in
the form of reduced consumption and investment spending whethe foreign
debt becomes due. A policy recommendation frequently o erd to coun-
tries undergoing external imbalances is the imposition of apital controls.
In their most severe form, capital controls consist in the piohibition of bor-
rowing from the rest of the world. Milder versions take the farm of taxes on
international capital in ows.

We can use the model economy developed in this chapter to stydthe
welfare consequences of prohibiting international borrowng. Suppose that
the equilibrium under free capital mobility is as described in gure 2.3.
The optimal intertemporal consumption basket is given by pant B and the
endowment bundle is represented by point A. In this unconstained equi-

librium, households optimally choose to borrow from the res of the world
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in period 1 in order to nance a level of consumption that exceeds their
period-1 endowment. As a result, in period 1 the trade balane (T B;), the
current account (CA1), and the net foreign asset position 8,) are all neg-
ative. In period 2, consumption must fall short of period-2 exdowment to
allow for the repayment of the debt contracted in period 1 plus the corre-
sponding interest. Assume now that the government prohibit international
borrowing. That is, the policymaker imposes nancial restrictions under
which B; must be greater than or equal to zero. The equilibrium under tis

restriction is depicted in gure 2.8. Agents cannot borrow from the rest of

Figure 2.8: Equilibrium under capital controls

slope = - (1+r *)

the world in period 1, therefore their consumption can be at nost as large as
their endowment. Because under free capital mobility, housholds wished to

consume beyond their endowment, that is,C; exceededQ:, the borrowing
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constraint will be binding, so that in the constrained equilibrium B; = 0
and C; = Qi1. The fact that consumption equals the endowment implies
that the trade balance in period 1 is zero T B; = 0). Given our assumption
that the initial net foreign asset position is zero (B,), the current account in
period 1 is also nil (CA; = 0). This in turn implies that the country starts
period 2 with zero external debt (B; = By + CA; = 0). As a consequence,
the country can use its entire period-2 endowment for consumtion purposes
(C2 = Q2).

The capital controls are successful in achieving the govement's goal
of curbing current-account de cits and allowing for higher future spending.
But do capital controls make households happier? To answerhis question,
note that the indi erence curve that passes through the endavment point
A, which coincides with the consumption bundle under capitd controls, lies
southwest of the indi erence curve that passes through poinB, the optimal
consumption bundle under free capital mobility. Therefore capital controls
lower the level of utility, or welfare. [Question: Suppose the equilibrium
allocation under free capital mobility lay northwest of the endowment point
A. Would it still be true that eliminating free internationa | capital mobility
is welfare decreasing?]

Under capital controls the domestic interest rater; is no longer equal to
the world interest rate r . At the world interest rate, domestic households
would like to borrow from foreign lenders in order to spend bgond their
endowments. But capital controls make international funds unavailable.
Thus, the domestic interest rate must rise above the world inierest rate to

bring about equilibrium in the domestic nancial market. Gr aphically, 1+r,
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is given by the negative of the slope of the indi erence curveat point A,
which is not only the endowment point but also the optimal consumption
bundle under capital controls. Only at that interest rate are households
willing to consume exactly their endowment. Formally, the domestic interest

rate under capital controls is the solution to the following expression:

U1(Q1;Q2) = (1 + r1)Ux(Q1; Q2):

This expression is the household's optimality condition fa the allocation
of consumption over time, evaluated at the endowment point. Notice that
becauseQ; and Q. are exogenously given, the above expression represents
one equation in one unknown,ri. The smaller is Q; relative to Q, the
higher will be the marginal utility of consumption today rel ative to the
marginal utility of consumption next period, and therefore the higher will
be the interest rate. Intuitively, the lower is output in per iod 1 relative to
output period 2, all other things equal, the larger will be the desire to borrow
in period 1. To dissuade agents from borrowing in period 1, tke domestic

interest rate must rise.

2.7 Uncertainty and the Current Account

A number of researchers have documented that the volatilityof U.S. out-
put declined signi cantly starting in the early 1980s. This phenomenon

has become known as the Great Moderatiod. The standard deviation of

2Early studies documenting the Great Moderation are Kim and N elson (1999) and
McConnell and Perez-Quipz (2000). Stock and Watson (2002) present a survey of this
literature.
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guarter-to-quarter output growth was 1.2 percent over the period 1948 to
1983 and only 0.5 percent over the period 1984 to 2006. That jdJ.S. out-
put growth became half as volatile in the past quarter century. Panel (a) of
gure 2.9 depicts the quarterly growth rate of U.S. output fr om 1948:Q1 to
2009:Q3. It also shows with a vertical line the beginning of he Great Mod-
eration in 1984. It is evident from the gure that the time ser ies of output
growth in the United States is much smoother in the post 1984 sbsample

than it is in the pre-1984 subsample.

Researchers have put forward three alternative explanatias of the Great
Moderation: good luck, good policy, and structural change. The good-
luck hypothesis states that by chance, starting in the early1980s the U.S.
economy has been blessed with smaller shocks. The good p@lihypoth-
esis maintains that starting with former Fed chairman Paul Volker's ag-
gressive monetary policy that brought to an end the high in ation of the
1970s and continuing with the low in ation policy of Volker' s successor Alan
Greenspan, the United States experienced a period of extradinary macroe-
conomic stability. Good regulatory policy has also been crdited with the
causes of the Great Moderation. Speci cally, the early 1988 witnessed the
demise of regulation Q (or Reg Q). Regulation Q imposed a céilg on the
interest rate that banks could pay on deposits. As a result ofthis nancial
distortion, when expected in ation goes up (as it did in the 1970s) the real
interest rate on deposits falls and can even become negativinducing de-
positors to withdraw their funds from banks. As a consequene, banks are
forced to reduce the volume of loans generating a credit-cmch-induced re-

cession. The third type of explanation states that the GreatModeration was
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Figure 2.9: The Great Moderation
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in part caused by structural change, particularly in inventory management
and in the nancial sector.

We will not dwell on which of the proposed explanations of the Great
Moderation has more merit. Instead, our interest is in posdbdle connections
between the Great Moderation and the signi cant trade balance deteriora-
tion observed in the U.S. over the period 1984 to 2006. Panebj of gure 2.9
displays the ratio of the trade balance to GDP in the United States over the
period 1948-2009. During the period 1948-1984 the United &tes expe-
rienced on average positive trade balances of about 0.2 parat of GDP.
Starting in the early 1980s, however, the economy was subjéto a string of
large trade de cits averaging 2.6 percent of GDP.

Is the timing of the Great Moderation and the emergence of préracted
trade de cits pure coincidence, or is there a causal conneatn between the
two? To address this issue, we will explore the e ects of chages in output
uncertainty on the trade balance and the current account in the context of
our theoretical framework of current account determination.

In the economy studied thus far, the endowmentsQ, and Q, are known
with certainty. What would be the e ect of making the future e ndowment,
Q2, uncertain? That is, how would households adjust their consmption
and savings decisions in period 1 if they knew that the endowmnt in period
2 could be either high or low with some probability? Intuitiv ely, we should
expect the emergence of precautionary savings in period 1. hat is, an
increase in savings in period 1 to hedge against a bad incomealization in
period 2. The desired increase in savings in period 1 must berdught about

by a reduction in consumption in that period. With period-1 endowment
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unchanged and consumption lower, the trade balance must immpve. We
therefore have that an increase in uncertainty brings aboutan improvement
in the trade balance. By the same token, a decline in income urertainty,

such as the one observed in the United States since the early9&0s, should

be associated with a deterioration in the trade balance.

To formalize these ideas, consider an economy in which inilly, the
stream of output is known with certainty and constant over ti me. Speci -
cally suppose thatQ; = Q» = Q. Assume further that preferences are of
the form In C, +In C,. To simplify the analysis, assume that initial asset
holdings are nil, that is, By = 0, and that the world interest rate is nil, or
r =0. In this case, the intertemporal budget constraint of the representa-
tive household is given byC, =2Q C;. Using this expression to eliminate
C, from the utility function, we have that the household's util ity maximiza-
tion problem consists in choosingC; so as to maximize INC; +In(2 Q  Cy).
The solution to this problem is C; = C, = Q. It follows that the trade

balance in period 1, given byQ; Cgq, is zero. That is,

TB]_ZOZ

In this economy households do not need to save or dissave inder to smooth
consumption over time because the endowment stream is alrélg perfectly

smooth.

Consider now a situation in which Q2 is not known with certainty in
period 1. Speci cally, assume that with probability 1/2 the household re-

ceives a positive endowment shock in period 2 equal to> 0, and that with
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equal probability the household receives a negative endowemt shock in the

amount of . That is,
8
Q 2 Q+  with probability 1 =2
2= .

Q  with probability 1 =2

We continue to assume thatQ; = Q. Note that this is a mean-preserving
increase in period-2 income uncertainty in the sense that th expected value
of the endowment in period 2, given by 3(Q+ )+ 3(Q ) equalsQ,
which equals the endowment that the household receives in pd 2 in the
economy without uncertainty. The standard deviation of the endowment in
period 2 is given by . The larger is the more volatile is the period-2

endowment.

We must specify how households value uncertain consumptiobundles.
We will assume that households care about the expected valuef utility.

Speci cally, preferences under uncertainty are given by
INC; + EInCy;

where E denotes expected value. Note that this preference formulabn en-
compasses the preference speci cation we used in the absenaf uncertainty.

This is because wherC, is known with certainty, then EInC, =In C,.

The budget constraint of the household in period 2 is given byC, =
2Q+ C: in the good state of the world and byC, =2Q C1 in the

bad state of the world. Therefore, expected lifetime utility, In C; + E In Cyp,
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is given by
1 1
INCy + E In(2Q + C)+ E In(2Q Ci):

The household choose€; to maximize this expression. The rst-order op-

timality condition associated with this problem is

1
- 2.14
Ci 2 2Q+ Ci 2Q C1 ( )

This expression represents one equation in one unknown, nasty C;. Con-
sider rst whether the optimal consumption choice associatd with the prob-
lem without uncertainty, given by C; = Q, represents a solution in the case

with uncertainty. If this was the case, then it would have to be true that

—W;

which is impossible, given that > 0. We have shown that if we setC;, =
Q, then the left side of optimality condition (2.14) is less than the right

side. Because the left side of optimality condition (2.14) $ decreasing in
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C:1 whereas the right side is increasing inCy, it must be the case that the

optimal level of consumption in period 1 satis es

C1<Q:

It then follows that in the economy with uncertainty the trad e balance is
positive in period 1, or

TB1> 0O:

Households use the trade balance as a vehicle to save in padid. In this
way, they avoid having to cut consumption by too much in the bad state of
period 2. The reason for this behavior is that with a convex maginal utility
of consumption in period 2 a gift of units of consumption reduces marginal
utility by less than the increase in marginal utility caused by a decline in
consumption in the amount of units. As a result, the prospect of consum-
ingQ+ orQ with equal probability in period 2 increases the expected
marginal utility of consumption in that period. Because at t he optimum,
today's marginal utility must equal next period's in expected value, and
because current marginal utility is decreasing in current onsumption, the
adjustment to a mean-preserving increase in uncertainty abut next period's
endowment takes the form of a reduction in current consumpton.

Question: Redo the analysis in this section assuming that households
are risk neutral in period 2. Speci cally, assume that their preferences are
logarithmic in period-1 but linear in period-2 consumption. What would be
the predicted e ect of the Great Moderation on the trade balance in period

1?
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Chapter 3

Current Account
Determination In a

Production Economy

Thus far, we have considered an endowment economy without irestment, so
that the current account was simply determined by savings. h this chapter,
we extend our theory by studying the determination of the cumrent account
in an economy with investment in physical capital. In this economy, output

is not given exogenously, but is instead produced by rms.

77



78 S. Schmitt-Grole and M. Uribe

3.1 A production economy

3.1.1 Firms

Consider an economy in which output is produced with physica capital.
Speci cally, let K1 and K, denote the capital stocks at the beginning of pe-
riods 1 and 2, respectively, and assume that output is an inagasing function
of capital. Formally,

Q1= F(Ky)

and

Q2 = F(K2);

where, as before,Q; and Q. denote output in periods 1 and 2. F() is a
production function, that is, a technological relation specifying the amount
of output obtained for each level of capital input. Output is assumed to
be zero when the capital stock is zero E(0) = 0). We also assume that
output is increasing in capital. Another way of stating this assumption is to
say that the marginal product of capital is positive. The marginal product
of capital is the amount by which output increases when the caital stock
is increased by one unit and is given by the derivative of the poduction

function with respect to capital:
marginal product of capital = FYK):

Finally, we assume that the marginal product of capital is decreasing inK ,

that is, FO?K) < 0, which implies that the production function is concave.
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Panel (a) of gure 3.1 displays output as a function of the captal stock.
The marginal product of capital at K = K , F{K ), is given by the slope
of F(K) at K = K . Panel (b) of gure 3.1 displays the marginal product

of capital as a function of K.

Output is produced by rms. In period 1, the capital stock K1 is pre-
determined, and thus so is output, Q;. To produce in period 2 rms must
borrow capital in period 1 at the interest rate r;. Physical capital depre-
ciates at the rate between periods 1 and 2. Therefore, the total cost of
borrowing one unit of capital in period 1isr1+ . Protsin period 2, », are
then given by the di erence between output and the rental cog of capital,
that is

2= F(K2) (ri+ )Kz (3.1)

Firms chooseK , so as to maximize pro ts, taking as given the interest rate
r,. Figure 3.2 displays the level of capital that maximizes prots. For values
of K belowK 5, the marginal product of capital exceeds the rental cost+ ,
thus, the rm can increase pro ts by renting an additional un it of capital.
For values of K greater than K ,, the rental cost of capital is greater than
the marginal product of capital, so the rm can increase pro ts by reducing
K . Therefore, the optimal level of capital, is the one at whichthe marginal

product of capital equals the rental cost of capital, that is,*

FAK2) = ry + (3.2)

YEquation (3.2) is in fact the rst-order necessary conditio n for prot maximization.
To see why, take the derivative of the right-hand side of (3.1) with respect to K, and
equate it to zero.
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Figure 3.1: The production function, F (K)
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Figure 3.2: Marginal product and marginal cost schedule

A

y

Because the marginal product of capital is decreasing in thdevel of the
capital stock, it follows from equation (3.2) that K is a decreasing function
of ry. Intuitively, as r1 goes up so does the rental cost of capital, so rms
choose to hire fewer units of this factor input.

Investment in physical capital in period 1, I 1, is de ned as the di erence
between the capital stock in period 2 and the undepreciated art of the

capital stock in period 1,2

1=Kz (1 )Ki (3.3)

BecauseK ; is a predetermined variable in period 1, it follows that, givenK 1

2Strictly speaking, 1 is called gross investment and is equal to the sum of net in-
vestment, K, K, which measures the increase in the capital stock, and depreiation,
K 1.
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and , |, moves one for one withK . Thus, |, is a decreasing function ofr ;.

Figure 3.3 depicts the relationship between the interest rée and investment

Figure 3.3: The investment schedule| (r)

- |(I’l)

demand in period 1, holding constantK ; and
In period 1, prots are given by the di erence between output, F(K ),

and the rental cost of capital, (ro + )K 1, that is,

1= F(Ky) (ro+ )Ky (3.4)

As we mentioned above, the initial capital stock K1 is given. Therefore,

period 1 pro ts are also given.
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3.1.2 Households

Consider now the behavior of households. At the beginning oferiod 1,
the household is endowed withWg units of interest bearing wealth. The
rate of return on wealth is given by ro. Thus, interest income is given by
roWp. In addition, the household is the owner of the rm and thus receives
the rm's pro ts, 1. Therefore, total household income in period 1 equals
roWo+ 1. Asinthe endowment economy, the household uses its incomerf
consumption and additions to the stock of wealth. The budgetconstraints

of the household in period 1 is then given by

Ci+(W1 Wp)=roWo+ 1 (3.5)

Similarly, the household's budget constraint in period 2 tekes the form:

Cot+ (W2 Wi)=riWi+ o (3.6)

where W, denotes the stock of wealth the household chooses to hold ahé
end of period 2. Because period 2 is the last period of life, #h household
will not want to hold any positive amount of assets maturing after that
period. Consequently, the household will always nd it optimal to choose
W, 0. Atthe same time, the household is not allowed to end perio® with
unpaid debts (the no-Ponzi-game condition), so thatW, 0. Therefore,

household's wealth at the end of period 2 must be equal to zero

WZZOZ
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Using this expression, the budget constraint (3.6) becomes

Co=(1+ r))Wi+ 2 (3.7)

Combining (3.5) and (3.7) to eliminate W, yields the following intertemporal
budget constraint of the household:
C2 2

=(Q+ ro)Wo+ +
i1, ( OWo+ 1 1+r,

Cyp+ (3.8)
This expression is similar to the intertemporal budget consraint correspond-
ing to the endowment economy, equation (2.4), with the only d erence
that the present discounted value of lifetime endowments igeplaced by the
present discounted value of prots. As in the endowment ecoomy, house-
holds derive utility from consumption in periods 1 and 2. Their preferences
are described by the utility function (2.5), which we reproduce here for con-

venience:

U(Cy; C):

The household choose€; and C, so as to maximize the utility function
subject to the intertemporal budget constraint (3.8) takin g as given 1, o,
(1+ rg)Wo, andry. The household's maximization problem is identical to the
one we discussed in the endowment economy. In particular, athe optimal
consumption basket, the indi erence curve is tangent to the intertemporal
budget constraint. That is, the slope of the indi erence curve is equal to

(1 + 1)

Before studying the determination of the current account, it is instructive
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to analyze a closed economy, that is, an economy in which agendo not
have access to international nancial markets, so that the airrent account

is always zero.

3.1.3 Equilibrium in a closed economy

In a closed economy, agents do not have access to the world dtgd market.
As a consequence, the household's wealth must be held in therim of claims
to domestic capital, that is

W0: Kl

and

Wi = Ky

Replacing 1 with (3.4), , with (3.1), F(K1) with Qq, and F(K ;) with

Q>, equations (3.5) and (3.7) can be written as:

Qi=Ci+ Ky (1 )Kg (3.9)

and

Q2=Cz (1 )Kz (3.10)

The rst of these expressions says that output in period 1, Q1, must be
allocated to consumption, C,, and investment,K, (1  )K1. The second
equation has a similar interpretation. Note that because the world ends
after period 2, in that period the household chooses to consue the entire
undepreciated stock of capital, (1 )K,, so that investment is negative

and equal to (1  )K,. Combining (3.9) and (3.10) and using the fact
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that Q, = F (K ) yields the following equilibrium resource constraint of the

economy, also known as theproduction possibility frontier (PPF):

Co=F(Qi+(1 )Ki C)+(1 )Q1+(1 )Ki Cy]

The PPF simpli es a great deal when the depreciation rate is asumed to

be 100 percent ( =1). In this case we have

C2=F(Q1 Cy) (3.11)

Figure 3.4 depicts this production possibility frontier in the space Cq; C»).

Figure 3.4: The production possibility frontier: C, = F(Q1 Cy)
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Because the production function is increasing and concavehe PPF is down-

ward sloping and concave toward the origin. If in period 1 thehousehold
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chooses to carry no capital into the second period by allocamg the entire
output to consumption (C; = Qi), then output in period 2 is nil (point
A in the gure). The maximum possible consumption in period 2 can be
obtained by setting consumption equal to zero in period 1 C; = 0) and
using output to accumulate capital (point B in the gure). Th e slope of the
PPFis FYQ: Cy).

Which point on the PPF will be chosen in equilibrium, depends on the
household's preferences. Figure 3.5 depicts the PPF toge#n with the rep-

Figure 3.5: Equilibrium in the model with production: the cl osed economy
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resentative household's indi erence curve that is tangentto the PPF. The
point of tangency (point C in the gure) represents the equilibrium alloca-
tion. At point C, the slope of the indi erence curve is equal to the slope of

the PPF. From the rm's optimal choice of capital (equation ( 3.2)) we know
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that the marginal product of capital, FYK ), must equal the rental rate of
capital, r1 + . In the special case of a 100 percent depreciation rate, this
condition becomesF{K,) = 1+ ry. This means that in equilibrium one
plus the interest rate is given by (minus) the slope of the PPFat the point
of tangency with the household's indi erence curve. The important point to
note is that in a closed economy the interest rate is determied by domestic
factors such as preferences, technologies, and endowmenihe interest rate
prevailing in the closed economy will in general be di erentfrom the world
interest rate. Another important point to keep in mind is tha t in the closed
economy savings must always equal investment. To see this,ote that in
the closed economy savings in period 1$;, equals output in period 1 minus

consumption in period 1, that is,

S$1=Q1 Cy:

Recall that investment in period 1 is givenbyl; = K, (1 )K;. Com-

paring this expression with (3.9) we have that

l1=Q1 Ci

Thus,

The current account is equal to the di erence between saving and invest-

ment (see equation (1.10)). Therefore, in a closed economyhé current

account is always equal to zero. These di erences between ¢hopen and
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the closed economies are re ected in the way in which each typ of economy

adjusts to shocks.

Adjustment to a temporary output shock

Consider a negative transitory shock (such as a natural disster) that de-

stroys part of output in period 1. In the open economy, houseblds will

smooth consumption by borrowing in the international capital market at a

constant interest rate, thus running a current account de cit in period 1.

In the closed economy, as in the open economy, households desto bor-

row against future income in order to smooth consumption. Havever, in
the closed economy, access to international nancial markes is precluded.
At the same time, the increase in the interest rate has a negave e ect on

investment in physical capital. The reduction in investment frees up some
resources that are used for consumption in period 1 preveng consumption
from falling by as much as output.

Figure 3.6 illustrates the adjustment of the closed economyto a decline
in output in period 1 from Q% to Q} < QY. The economy is initially at point
A; consumption in period 1 isC{ and consumption in period 2 isC2. The
equilibrium interest rate is given by the slope of the PPF andthe indi erence
curve at point A. It is clear from (3.11) that the decline in output in period
1 produces a parallel shift in the PPF to the left. For example the distance
between pointsB, on the new PPF, and A, on the old PPF, is equal to the
decline in output in period 1, Q¥ Q% Also, at point B, the slope of the
new PPF is the same as the slope of the old PPF at pointA. Where on

the new PPF the equilibrium will be located depends on the shae of the
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Figure 3.6: Adjustment to a temporary decline in output in th e closed econ-
omy
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indi erence curves. Suppose that at every point on the horiontal segment
connecting A and C9, the indi erence curves are steeper than at pointA.
Also, assume that at every point on the vertical segment conacting A with
C9 the indi erence curves are atter than at point A. When this property of
the indi erence curves is satis ed, C; and C, are said to be normal goods. In
addition, because the PPF is strictly concave, as one movesxthe PPF from
point B to point C, the PPF becomes steeper. Therefore, the inli erence
curve that crosses pointB is, at that point, steeper than the new PPF. Also,
the indi erence curve that crosses point C is, at that point, atter than
the new PPF. As a result, the new PPF will be tangent to an indi erence
curve at a point located between pointsB and C. In the gure, the new

equilibrium is given by point D. At the new equilibrium, cons umption in
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period 1 isC} and consumption in period 2 isC3. Note that consumption
in period 1 falls (CI < C?) but by less than the decline in output (the new
equilibrium is located to the right of point B). Because output must equal
the sum of consumption and investment, the fact that consumpion falls by
less than output means that investment falls in period 1. At point D, the
PPF is steeper than at point B. This means that the negative ouput shock
has induced an increase in the interest rate. Summing up, the ects of a
decline in output in period 1 in the closed production economy are: (a) a
decline in consumption in period 1 that is less than the declie in output;
(b) a decline in savings that is matched by a decline in investent of equal

maghnitude; and (c) an increase in the interest rate.

We turn next to the analysis of current account determination in a pro-

duction economy that has access to the world capital market.

3.1.4 Equilibrium in an open economy

In a small open economy households and rms can borrow and lehat an
exogenously given world interest rate, which we denote by . Therefore,
the interest rate prevailing in the small open economy has tobe equal to

the world interest rate, that is,

r{=r (3.12)

Also, in an open economy, households are not constrained toold their

wealth in the form of domestic capital. In addition to domestic capital,
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households can hold foreign assets, which are denoted 8/ . Thus,

Wo= K1+ By (3.13)

and

Wi= Ko+ BlZ

Consider rst the optimal investment choice of a domestic r m. Substituting
the equilibrium condition r; = r into equation (3.2) yields the following
equilibrium condition determining the capital stock in period 2, which we
denote by K ,:

FAK)=r1 + (3.14)

This equation implies that the capital stock in period 2 depends only on
the world interest rate and the rate of depreciation. Becaug the marginal
product of capital is decreasing inK, it follows that K, is a decreasing
function of r . Recall that investment in period 1 is givenbyl; = K, (1

)K 1. The fact that K is a predetermined variable in period 1 implies that
the equilibrium level of investment in period 1, | ;, is a decreasing function
of r . This result marks an important di erence between the open and
the closed economies. In both economies, investment is a ratiye function
of the interest rate r;. However, in the closed economyyr; depends on
preferences and the level of domestic wealth, whereas in themall open
economy, r1 equalsr , which is independent of domestic preferences and
wealth. Figure 3.7 illustrates the determination of investment in period 1 in

the small open economy.
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Figure 3.7: The equilibrium level of investment, | ;

- |(I'l)

The fact that K, is a function of r alone implies that the rm's pro ts
in period 2 are also a function ofr alone. Speci cally, using the equilibrium

condition r; = r in (3.1) yields,

2= F(Kp) (r + )Ky:

For simplicity, we assume, as in the case of the closed econgnthat = 1.3

3An implication of assuming that =1is that I; = Ky. To see this, recall that
K, = (l )K 1+ 11
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Then, pro ts can be written as,

>= F(Ky) (1+r)Ky: (3.15)

Pro ts in period 1 are pre-determined and equal to

1= Q1 (A+roKy; (3.16)

where Q1  F(K2y).

We are now ready to derive the equilibrium resource constrait of the
small open production economy. Using the equilibrium condions (3.12),
(3.13), (3.15), and (3.16) to eliminaterq, Wo, ,, and 1, respectively, from
the intertemporal budget constraint of the household, equaion (3.8), and

assuming for simplicity that B, = 0, we get, after rearranging terms}?

Co=(1+r1)Q1 K, C1)+ F(K))

This resource constraint states that in period 2 householdscan consume
whatever they produce in that period, F(K,), plus the amount of foreign
assets purchased in period 1 including interest. The amoundf foreign assets
purchased in period 1 is given by the di erence between outptiin period 1,
Q1, and domestic absorption,K , + C;. The resource constraint describes a
linear relationship betweenC; and C, with a slope of (1+ r ). Figure 3.8

plots this relationship in the plane (Cyq; Cy). Clearly, if Q1 K, > 0, the

4The assumption that B, = 0 implies that CA; = TB; and S; = Q; C;. Can you
show why?
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Figure 3.8: Equilibrium in the production economy: the small open economy
case
C

N

QK 2 c, @ ¢

allocationC; = Q1 K, and C; = F(K,) (point B) is feasible. This alloca-
tion corresponds to a situation in which in period 1 the sum ofconsumption
and investment is equal to output, so that the household's né foreign as-
set holdings in period 1 are exactly equal to zero. This meanthat point B

would also have been attainable in the closed economy. In ottt words, point
B belongs to the production possibility frontier shown in g ure 3.8. As we
deduced before, the slope of the PPF is given by FYK ), so that at point

B, the slope of the PPF is given by FYK), which, by equation (3.14)

equals (1+r).

Note that for any pair ( Cy; Cp) lying on the PPF, one can always nd

another allocation (C?;C9) on the resource constraint of the small open
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economy such thatC? C; and CJ C,. Because the PPF is the resource
constraint of the closed economy, it follows that household are better o
in the open economy than in the closed economy. We conclude #h the
imposition of international capital controls (i.e., restr ictions to borrowing or

lending from the rest of the world) is welfare decreasing in ar model.

Consumption in each of the two periods is determined by the tagency
of the resource constraint with an indi erence curve (point A in gure 3.8).
In the gure, the trade balance in period 1 is given by minus the distance
betweenC, and Q1 K, thus TBj is negative. BecauseB is assumed to
be zero, net investment income in period 1 is zero, which impés that the
current account in period 1 is equal to the trade balance in pgod 1. Saving
in period 1, Sy, is given by the distance betweenQ; and C;. Note that
in gure 3.8 the current account is in de cit even though saving is positive.
This is because investment in physical capital, given by thalistance between

Qi and Q1 K, exceeds savings.

3.2 Current account adjustment to output and world-

interest-rate shocks

3.2.1 A temporary output shock

Suppose that due to, for example, a negative productivity slock output
declines in period 1. Speci cally, assume thatQ? falls to Q1. Figure 3.9
describes the situation. Before the shock, consumption in griods 1 and 2

are C9 and C§ (point A), and output in period 2 is F(K,) (point B). When
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Figure 3.9: The e ect of a temporary output decline in the small-open
economy with production

C,
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the shock hits the economy, the production possibility frortier shifts to the
left in a parallel fashion. Because the economy under considation is small,
the world interest rate, r , is una ected by the temporary output shock,
and thus both investment in period 1, I, = K,, and output in period 2,
F(K,), are unchanged. The slope of the new PPF at Q1 K,;F(K,))
(point BY is (1 + r ). Becauser is unchanged, the slope of the new
resource constraint continuous to be (1 + r ). This means that the new
resource constraint is tangent to the new production possibity frontier at
point B% If consumption in both periods are normal goods, thenCy will
decline by less than the decline in output (point A9. The fact that C; falls
by less thanQ; means that savings in period 1 fall. The current account in
period 1 is given by the di erence between savings and investent. Since
investment is unchanged and savings fall, the current accout deteriorates.
In period 1, the trade balance equals the current account (reall that B, = 0
by assumption). So, the trade balance, like the current accont, deteriorates
in period 1.

The adjustment in the current account to a temporary output shock in
the production economy considered here is qualitatively egivalent to the
adjustment in the endowment economy studied in chapter 2. Ths is because
investment is una ected so that, as in the endowment economythe response
of savings determines the behavior of the current account. Te intuition
behind this result is the same as in the endowment economy: #h output
shock is transitory, so agents choose to smooth consumptioby borrowing
abroad (i.e., by dissaving). The economy enters period 2 wkt a larger foreign

debt, whose repayment requires a trade balance surplus. Baase neither
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investment nor output in period 2 are changed by the output stock, the

trade balance surplus must be brought about through a reducion in Cs.

3.2.2 A world-interest-rate shock

Consider now a decrease in the world interest rate fromr tor °<r . For
simplicity, let us assume that before the shock, the currentaccount balance

is zero. This equilibrium is given by point A in gure 3.10. In response to

Figure 3.10: A decline in the world interest rate fromr to r©
C

A

slope = - (1+r *)

*¢ _ *: * *¢ C
QK Q,K;=C, % 2 1

the decline in the interest rate, the resource constraint beomes atter and
is tangent to the PPF at point A 9 located northwest of point A. The lower

interest rate induces an increase in investment in period 1.Consider next
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the e ect on consumption. By the substitution e ect C; tends to increase.
In addition, households experience a positive income e ecbriginated in
the fact that the lower interest rate increases pro ts in period 2, . This
positive income e ect reinforces the substitution e ect on C;. Thus, in
period 1 consumption increases (point AY and savings fall. The fact that
investment increases and savings fall implies that the cumnt account and
the trade balance deteriorate (recall that CA; = S; 11 and that B = 0).
As in the endowment economy, in the production economy the deline
in the world interest rate generates a deterioration in the trade balance and
the current account. However, in the production economy thedecline in the
current account is likely to be larger because of the increasin investment|

an element absent in the endowment economy.



Chapter 4

External Adjustment in

Small and Large Economies

Chapters 2 and 3 provide the microfundations for savings andnvestment
behavior. This chapter takes stock of those results by condesing them in
a convenient, user-friendly, synthetic apparatus. The reslting framework
provides a simple graphical toolkit to study the determination of savings,

investment, and the current account at the aggregate level.

Figure 4.1 summarizes the results obtained thus far in chaptrs 2 and
3. Panel (a) plots the investment and saving schedules. Thenvestment
schedule, | (r1), is the same as the one shown in gure 3.3. It describes
a negative relation between the level of investment and the riterest rate
resulting from the pro t-maximizing investment choice of rms (see equa-
tion (3.2)). The schedule is downward sloping because an imease in the

interest rate raises the rental cost of capital thus inducirg a decline in the

101
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Figure 4.1: Savings, investment and the current account
r @ (b)

1 r

1
S(r, Q)
| v A CA(I’l)

I(r)

demand for equipment, structures, etc..

The saving schedule,S(rq; Q1), relates savings to the interest rate and
output in period 1. Savings are increasing in both the interest rate and out-
put. An increase in the interest rate a ects savings through three channels:
rst, it induces an increase in savings as agents substitutduture for current
consumption. This is called the substitution e ect. Second an increase in
the interest rate a ects savings through an income e ect. If the country
is a net foreign debtor, an increase in the interest rate make its residents
poorer and induces them to cut consumption. In this case, théncome e ect
reinforces the substitution e ect. However, if the country is a net creditor,
then the increase in the interest rate makes households rid@r, allowing them
to consume more and save less. In this case the income e ect g® against
the substitution e ect. Third, an increase in the interest r ate has a positive
e ect on savings because it lowers income from prot in periad 2 ( 2). We

will assume that the rst and third e ects combined are stron ger than the



International Macroeconomics, Chapter 4 103

second one, so that savings is an increasing function of thentierest rate.
In section 3.2.1 we analyzed the e ects of temporary output fiocks in the
context of a two-period economy and derived the result that swvings are
increasing in period 1's output, Q1. This result arises because an increase
in Q1 represents, holding other things constant, a temporary incease in
income, which induces households to increase consumption both periods.
Thus, households save more in period 1 in order to consume mein period
2 as wellt

Having established the way in which the interest rate and curent out-
put a ect savings and investment, it is easy to determine the relationship
between these two variables and the current account. This idbecause the
current account is given by the di erence between savings ad investment
(CA1 = S; |1). Panel (b) of gure 4.1 illustrates this relationship. Sup-
pose that the interest rate isr2. Then savings exceed investment, which
implies that the current account is in surplus. If the interest rate is equal
to r€, then investment equals savings and the current account isero. Note
that r is the interest rate that would prevail in a closed economy, hat is, in
an economy that does not have access to international capitamarkets. For
interest rates belowr¢, such asr®, investment is larger than savings so that
the country runs a current account de cit. Therefore, as shovn in panel (b),
the current account is an increasing function of the interes rate.

With the help of this graphical apparatus, it is now straight forward to

analyze the e ects of various shocks on investment, savingsand the current

YIn general, the savings schedule also depends (positively)on initial net foreign asset
holdings, By, and net investment income, roB,. Therefore, strictly speaking, the schedule
S(r1; Q1) embodies the implicit assumption that B, = 0.
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account. We begin by revisiting the e ects of world interest rate shocks.
Suppose a small open economy that initially faces the worldriterest rate

r ©as shown in gure 4.2. At that interest rate, the country runs a current

Figure 4.2: Current account adjustment to an increase in theworld interest
rate

CA(,, Q,)

ca® calo CA

account de cit equal to CA°. Suppose now that the world interest rate rises
1

tor - >r ° The higher world interest rate encourages domestic saving
and forces rms to reduce investment in physical capital. Asa result, the
current account de cit declines from CA° to CAZ.

Consider next the e ects of a temporary positive income shok, that
is, an increase inQ;. We illustrate the e ects of this shock in gure 4.3.
Suppose thatQ; is initially equal to QY. At the world interest rate r , sav-
ings are equal toS}, investment is equal to 19, and the current account is
CA% = s? 19, Suppose now thatQ; increases toQ} > Q§. This increase in
Q1 shifts the saving schedule to the right because households) an e ort to

smooth consumption over time, save part of the increase in ioome. On the
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Figure 4.3: Current account adjustment to a temporary increase in output
r (@ (b)

1 r
Ir,) S, Q) S, Q)

1

CA(r, @)

1
CA(1;, Q)

other hand, the investment schedule does not move becauseviestment is
not a ected by current income. The rightward shift in the sav ings schedule
implies that at any given interest rate the di erence between savings and
investment is larger than before the increase in income. As aesult, the
current account schedule shifts to the right. Given the world interest rate,
the current account increases fronCA$ to CAL. Thus, a temporary increase
in income produces an increase in savings, and an improvenmieim the cur-
rent account balance while leaving investment unchanged. Nte that if the
economy was closed, the current account would be zero befoaesd after the
income shock, and the interest rate would fall fromr? to rl. This decline in
the interest rate would induce an expansion in investment. Bcause in the
closed economy savings are always equal to investment, sags would also

increase.
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4.1 An investment surge

Suppose that in period 1 agents learn that in period 2 the prodictivity of

capital will increase. For example, suppose that the prodution function in

period 2 was initially given by F(K») = P K> and that due to a techno-
logical advancement it changes toF (K ) =2 P K. Another example of an
investment surge is given by an expected increase in the pricof exports. In
Norway, for instance, the oil price increase of 1973 unleagl an investment
boom of around 10% of GDP. In response to this news, rms will boose
to increase investment in period 1 for any given level of therterest rate.

This scenario is illustrated in gure 4.4. Initially, the in vestment schedule

Figure 4.4: An investment surge
(@) (b)

°r) ) s'(r,, Q) CAl(r, Q)

CA(r,
So(rl' Ql) (rl Ql)

e ; ) 1
ScH 12 I S, CA] CA 0 CA
is 19(rq) and the saving schedule isS°(r1; Q1). Given the world interest
rate r , investment is | { and savings isS). As shown in panel (b), the cur-
rent account schedule isCA%(r1; Q4), and the equilibrium current account

balance isCAY. The news of the future productivity increase shifts the in-
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vestment schedule to the right to | X(r41), and the new equilibrium level of
investment is | £, which is higher than 19. The expected increase in produc-
tivity might also a ect current saving through its e ect on e xpected future
income. Speci cally, in period 2, rms will generate higher pro ts which
represent a positive income e ect for households who are thewners of such
rms. Households will take advantage of the expected increae in prots
by increasing consumption in period 1, thus cutting savings Therefore, the
savings schedule shifts to the left toS(r1; Q1) and the equilibrium level of
savings falls fromS) to SI. With this shifts in the investment and savings
schedules it follows that, for any given interest rate, the arrent account is
lower. That is, the current account schedule shifts to the ldtto CA(rq; Q).
Given the world interest rate r , the current account deteriorates from CA‘l)
to CALl. Note that if the economy was closed, the investment surge wad
trigger a rise in the domestic interest rate fromr{ to r! and thus investment

would increase by less than in the open economy.

4.2 Country risk premium

In practice, the interest rate that developing countries face on their interna-
tional loans is larger than the one developed countries chae to each other.
This interest rate di erential is called the country risk pr emium, and we
denote it by p. Figure 4.5 illustrates the situation of a small open econ-
omy facing a country risk premium. The premium is charged ony when
the country is a debtor to the rest of the world. Given our assunption of

zero initial net foreign assets, the risk premium applies wien the current
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Figure 4.5: Current account determination in the presence ba constant risk
premium

CA(,, Q,)

CA®° 0 CA

account is in de cit. Thus, the interest rate faced by the small open econ-
omyisr whenCA> Oandr + p>r whenCA < 0. Given the world
interest rate r and the country risk premium p, the country runs a current
account de cit equal to CA? (see the gure). Note that the current account
de cit is smaller than the one that would obtain if the countr y faced no risk
premium. Thus, if the current account is negative, an increae in the risk
premium reduces the current account de cit in exactly the same way as an

increase in the interest rate.

A more realistic speci cation for the interest rate faced by developing
countries is one in which the country risk premium is an increasing function
of the country's net foreign debt. Given our assumption that the initial
net foreign asset position is zero, the country's foreign det at the end of
period 1 is given by its current account de cit. Thus, we can represent the

country risk premium as an increasing function of the curren account de cit,
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p( CA) (see gure 4.6). Consider now the response of the current amunt

Figure 4.6: Current account determination in the presence éan increasing
risk premium

CAlr, Q) CA%1, Q)

T _F+p(-CA)

to an investment surge like the one discussed in section 4.1ln response
to the positive investment shock, the current account schedle shifts to the
left from CA°(ri; Q1) to CA(r1;Q1). As a result, the current account
deteriorates from CA? to CA} and the interest rate at which the country
can borrow internationally increases fromr + p( CA9) to r + p( CAD).
The resulting deterioration in the current account is, however, smaller than
the one that would have taken place had the country risk premum remained

constant.

4.3 Large open economy

Thus far, we have considered current account determinatiorin a small open

economy. We now turn to the determination of the current accaint in a
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large open economy like the United States. Let's divide the wrld into two
regions, the United States and the rest of the world. Because U.S. current
account de cit represents a current account surplus of the est of the world
and conversely, a U.S. current account surplus is a current@ount de cit of
the rest of the world, it follows that the world current accou nt must always

be equal to zero; that is,
CAYS+ CcARY =0

where CAYS and CARW denote, respectively, the current account balances
of the United States and the rest of the world.

Figure 4.7 shows the current account schedules of the U.S. dnthat of

Figure 4.7: Current account determination in a large open eonomy

r

uUse¢
cARW CA CAYS

CARW 0 CAUS

the rest of the world. The innovation in the graph is that the current account
of the rest of the world is measured from right to left, so that to the left of

0 the rest of the world has a CA surplus and the U.S. a CA de cit, whereas
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to the right of 0, the U.S. runs a CA surplus and the rest of the world a CA
de cit. Equilibrium in the world capital markets is given by the intersection
of CAYS and CARW | In the gure, the equilibrium is given by point A, at

which the U.S. runs a current account de cit and the rest of the world a
current account surplus. Consider now an investment surgen the U.S. that
shifts the CAYS schedule to the left to CAUS". The new equilibrium is given
by point B, at which the world interest rate is higher, the US runs a larger
CA de cit, and the rest of the world a larger CA surplus. Note t hat because
the U.S. is a large open economy, the investment surge prodas a large
increase in the demand for loans, which drives world intergsrates up. As a
result, the deterioration in the US current account is not as pronounced as
the one that would have resulted if the interest rate had remaned unchanged
(point C in the gure). Note further that the increase in the U .S. interest
rate is smaller than the one that would have occurred if the USeconomy

was closed (given by the distance between $and D).

4.4 Optimal Capital Controls in a Two-Country

Model

In this section, we study optimal capital controls in a two-country model.
In this model each country is a big player. As a result when oneof the two
countries changes its desired net foreign asset positionhée world supply
of assets may change signi cantly, and hence the world integst rate will
in general be a ected. Because both countries are big, eachf ahem indi-

vidually has market power in the international nancial mar ket. That is,
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each country has an incentive to act like a monopolist and to bhose a world
interest rate that is di erent from the one that would arise i f it did not have

market power.

The reason why deviations from free capital mobility might be welfare
improving from the perspective of one of the countries, is tlat When coun-
tries internalize the e ect that their choices regarding net foreign assets hold-
ings have on world interest rates, we say they act strategiclly. Speci cally,
a country that is borrowing has incentives to improve its current account so

as to depress the world interest rate, thereby lowering debfservice costs.

Consider a two-period model with two large open endowment emnomies,
US for the United States and C for China, and a single traded good. In
both countries household preferences over period-1 consuyntion, C;, and
period-2 consumption, C,, are given by the following time-separable utility
function

U(Cl; Cz) =1n C+ In Cs:
The endowment in country US is constant over time and equal toQ, that
is,
7°=Q

and

UsS _ A.
2= Q:

By contrast, the endowment in country C is growing over time. Let QY

denote the endowment in country C in period 1, and QS its endowment in
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period 2. Assume that

N[O

Qf

and

Qf = Q

Further assume that the net foreign asset position at the be@ning of period

1 is zero in both countries.

The Current Account Schedule of country U.S., CAYS(r)

The problem of households in country US consist in choosingansumption
in period 1, CY'S, consumption in period 2, CYS, and net foreign assets at

the end of period 1,B}S so as to maximize lifetime utility, which is given

by:
U(Ccys;cd%) =1In CPS +In CYS: (4.1)

The budget constraint of households in country US in period 1is given by:
Cr°+Br°=Qf® (4.2)

and in period 2, it is given by
Cy° = Q3%+ (1+ ry)By*: (4.3)

In stating the budget constraints, we used the fact that in any equilibrium it
must be the case that at the end of period 2 each country must hee a zero

net foreign asset position, that is, we imposed thatBYS = 0. Households
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take their endowments and the domestic interest rate on asss held from

period 1 to period 2,r1, as exogenously given.

To solve this optimization problem, use the budget constraint in pe-
riod 1 to eliminate BYS from the period-2 budget constraint, to obtain the

following present value budget constraint:

us CéJS us LZJS
CYS+ 22 = + <2 . 4.4
P+ I = QY g (4.4)

Solve this present value budget constraint forCY'S and use it to replaceC}S

in the utility function, equation (4.1). This yields:

CéJS us LZJS us
+ + +In C;~:
1+rq Ql 1+r4 2

Now take the rst-order condition with respect to C3'S to obtain:

1 1 1
1 + =0:
cosl Uiy * cus

Rearranging this expression we nd that at the optimum:

Us
CZ .
1+rq

us _
Ci°=

The interpretation of this rst-order condition is that att he optimum the
slope of the indi erence curve, given byCyYS=C}'S, must be the same as the
slope of the intertemporal budget constraint, given by 1 +r;1. Next use the

intertemporal budget constraint, equation (4.4), to nd th e optimal level of
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period 1 consumption as a function of the interest rate:

cus us
cus 4 =2 = QUS4 2

1+rq 1+rq

CcUS, cUs - g+ 9
1 1 Q 1+,

1 Q
CUS — - +

L 2 Q 1+rq

From here we nd that in equilibrium it must be the case that:

CAYS=BYS BYS=BYS 0=Q CYS= 1Q

NI~
NI =
=
+
-
=

We can simplify this expression to obtain the current account schedule

of country US

1
CAPS(r) = EQ1+1I’1: (4.5)

Notice that the current account schedule is upward sloping in the space

(CA;r), that is, the higher the interest rate the higher the current account.

The Current Account Schedule of country C, CA§(r)

Next we wish to nd country C's current account schedule, which we denote
CAC(r$), wherer§ is the domestic interest rate in country C for assets held
from period 1 to period 2.

Households in countryC solve the same maximization problem as house-
holds in country US but for the fact that country C's period-1 endowment

and domestic interest rate are potentially di erent. Forma lly, the problem
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of the representative household in countryC is given by

Clcfrg?élc InCf +In C§
subject to
Cf +Bf =Qf (4.6)
and
4.7)

C3=Q3+(1+ ri)By;
where again we imposed that net foreign assets at the end of ded 2 will

be zero.
The rst-order conditions associated with this problem are:

CC
—< =1+ ra (48)
Cr
and
c. Cf c 5
C1 1+1¢ l+l+r§ (4.9)

Using the facts that Qf = Q=2 and Q5 = Q, and following the same steps

as above, we nd that period-1 consumption in equilibrium is given by the

following function of r§:

O

NI
N[O
+

Cf =

=
+
-

o

And the current account schedule of countryC is given by

N[O
Q)
=0

CAf =Bf Bg=Bf 0=
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We can simplify this expression to obtain the current accoun schedule of

country C as a function of the interest rate,

CAS(r$) = (4.10)

It follows from this expression that unless the interest rate exceeds 100
percent, i.e.,r§{ > 1, country C will run a current account de cit in period
1. That is, to induce country C to run a current account surplus in period
1, the interest rate must be higher than 100 percent. When contry C runs
a current account de cit in period 1, it is borrowing against its period-2
income. Country C has much higher income in period 2 than in period 1.
To smooth consumption over time country C thus has to borrow in period 1
and repay in period 2. Notice that therefore the example give here is one in
which the country that is expecting endowment growth is the wountry that
will run a current account de cit and the country that is not e xpecting any
sizeable change in its endowment in the future will run a curent account
surplus. Thus, this example cannot explain why the country that is expected
to grow faster runs a surplus (China) against the slower growng country (the

U.Ss.).

4.4.1 Market Clearing in World Capital Markets

In equilibrium the world current account balance has to be zeo, that is,

CAS + CAYS=0 (4.11)
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Can you verify that this equation implies that in equilibriu m the world

endowment of goods is equal to world wide absorption, that is
3
CYS+Cf = EQ

and

C7%+ Cf =2Q:

4.4.2 Equilibrium Under Free Capital Mobility

Consider rst the case that there is free capital mobility in both countries.
Then in equilibrium the interest rate must be the same in both countries,
that is,

r{=ri (4.12)

In this case the world interest rate is determined as the soltion to (4.11).

Combining (4.10), (4.5), (4.12), and (4.11) yields:

1. n Q 1 Q
z + = = =0
2Q1+I'1 4 21+r,
Solving for r1, we obtain
=L
1= 3

It follows that under free capital mobility the world intere st rate is 33 per-

cent. Using this information, we can nd that
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us _ us _ 1
CA7®=Q CY®=2Q

Country US consumes% of its endowment and saves the rest. Hence it runs
a current account surplus of%Q. It follows that the current account de cit

of country C must be equal to  1Q, that is,
1
CA7 = Z-Q:
i 8Q
And thus consumption in country C is given by

CAf = -Q:

@)
=0
I
N[O
ol o

In period 2, country US consumes
41 7
C7°= Q3%+ (1+ r)By°=Q+ 2Q= cQ:
38 6
And country C consumes

41 5
Czc =Q5+(1+ r)Bf=0Q §§Q: EQ:

The level of welfare under free capital mobility can be foundby evaluat-

ing the utility function at the respective equilibrium cons umption levels:

7.7 49
U(C1®C7%) =In Cr%+In C3° =In 2Q#in ZQ=In  22Q* =In 1:0208°
(4.13)



120 S. Schmitt-Grole and M. Uribe

and welfare in country C is equal to

5

5
U(CY;CH =In Cf+In C5=1n §Q+In 5

25
Q=In 4—8Q2 =In 0:5208Q7

Can you show that both countries are better o under free capial mobility

than under nancial autarky?

4.4.3 Equilibrium when country C imposes capital controls

Now suppose countryC behaves strategically and manipulates capital ows
(by means of capital controls) to obtain a value of the world interest rate,
r1, that maximizes welfare of agents in countryC. Given that under free
capital mobility country C is a borrower, if current account manipulation
results in a lower world interest rate, then this in e ect is a positive income
e ect for country C. So our conjecture is that under optimal current account
manipulation the world interest rate will be lower.

We will continue to assume that there is free capital mobility in country
US. Speci cally, the demand for international funds by country US is still

given by:

1 r
CAYS(ry) = 3
(r1) 2Q1+ n

How can we model strategic behavior, or optimal capital contols, in
country C? We assume that the government of countryC picks the interest
rate so as to maximize the welfare of its agents taking into acount, or
internalizing, the e ect that its own demand for funds has on the world

interest rate. Speci cally, the government of country C knows that the
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world capital market must clear

and that for any given interest rate the international bond d emand of coun-

try US is

1 r
BYS(ry) = = :
(r1) 2Ql+r1

Combining these two expressions we obtain:

(4.14)

The government of country C also knows that its budget constraints in
periods 1 and 2 are:

1

CS+BY =2

1 1 2Q
CS=Q+(1+ ryBS:

Using (4.14) to eliminate B from these two budget constraints yields:

1 1+2r
c_ - 1
Cr = 2Q i+1, (4.15)
and
c _ 1 1
C;=0Q EHQ— QQ[2 r] (4.16)

It follows that period 1 and period 2 consumption in country C, C$
and C$, are only functions of the world interest rate r1, and hence that

the lifetime utility of agents in country C can be written as a function of
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the world interest rate only. Use the above two expressionsd eliminate C¢

and C§ from the utility function of the representative agent in country C

to obtain:
V(ry) = U(CE(r);C5(ry) = In CE(ry)+In C§(ry)
1 1+2rq 1
= — + _
In 2Ql+rl In 2Q[2 rqi]

1
= In zlQ2 +In(1+2rq) In(1+ ry)+InE2

The function V(r;) is known as country C's indirect utility function. Now
pick the world interest rate, r1, to maximize the indirect utility function of

households in countryC. At the optimum it must be the case that

@\(r1)
@K

=0:

or

2 1 1
(1+2r1) ([L+r) (2 ry)

1
r2+2ry 5=0

Solving this quadratic expression forr,; we obtain two values

r

N W

We can discard the root that implies a value for the interest rate below

-1, because an interest rate cannot be below -100 percent. Sbe only

r)
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economically sensible solution is

=0:22

N W

rr= 1+

Let r§° denote the world interest rate under optimal capital controls, and
rfree the world interest rate under capital mobility. Recall that rfe¢ equals
1=3. Then we have that

CC<

rcc <y free. (4.17)

We have shown that under optimal capital controls the world interest rate
is lower than under free capital mobility. It follows directly from the fact
that the current account schedule of country US is increasig in the world
interest rate, see equation (4.5), that when countryC manipulates its cur-
rent account, the current account balance of country US deteorates and
hence the current account balance of countryC improves, i.e., is larger than
it would be in the absence of manipulation. From here we can dduce im-
mediately that period 1 consumption in country C is lower than it would be
under free capital mobility and that period-1 consumption in country US is
higher than it would be under free capital mobility.

How can the government of country C induce individual households to
reduce consumption in period 1? In order for households to egsume less in
period 1 it must be the case that the domestic interest rate incountry C is
higher than it would have been under free capital mobility. Let r§ denote
the domestic interest rate in country C when capital controls are in e ect.
Use the fact that households in countryC still can borrow and lend at the

rate r§ . (But capital cannot ow freely across borders.) Then we know
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from household optimization that the marginal rate of substitution must be
equal to the domestic interest rate. Recall that the optimal consumption
bundle has the property that the marginal rate of substituti on is equal to
the interest rate:

Ui(C;CF) _ CF

1+r¢ = MRS = -l >2/ _ 2
! Uy(CE;CS)  cCf

If we knew the level of consumption under optimal capital corrols we would
know the value of the domestic interest rate,r§ . We can nd the level of
consumption from equations (4.15) and (4.16) which give cosumption in
terms of the world interest rate
C
e = Sz
C
C1
3QR2 {9

1~ 1+2r5°
2QTrrt

PoNolw

Recalling that the world interest rate under capital controls, r, is 0.22,
and that the world interest rate under free capital mobility, rfre¢ | is 0.33,
we have that

This result says that under optimal capital controls the world interest rate
falls from 33 percent to 22.5 percent, but for the real allocéion which is

associated with this amount of (lower) international borrowing from country
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C, it must be the case that the domestic interest rate in country C, due to
capital controls, goes up to 50 percent. The wedge between dwestic and

international interest rates is 50-22.5, or 27.5 percent.

Can we show that lifetime utility in country C is higher under current
account manipulation (and what about lifetime utility in co untry US. Is it
lower?) To nd the level of utility under optimal capital con trols we need to
construct the product C$ CS. Above we obtainedC$ and C$ as a function

of the interest rate. Using these two expressions, we have

1 _1+2r§°1
U(CT:C)=In CPCF =In SQT—x5Q2 rf)
1

Now use (4.17) to obtain:

252122 ,
2 2

2 _
U(cs;cs)=1In 7(7 2p6) =In

Recall that lifetime utility in country C under free capital mobility was equal
to In %QZ . As expected under optimal capital control, utility is high er

than under free capital mobility.

By what fraction, do we need to increase period 1 and period 2 con-
sumption under free mobility so as to make residents of couny C as well
o under free capital mobility as under optimal current account manipula-

. . 12(7 2" 6) ;
tion. The answeris = =—-— 1=0:0042. So we need to increase

consumption in both periods by (only) four tenth of one percent.

What about utility in country US. We expect that the optimal current

account manipulation of country C is welfare decreasing for country US. The
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current account manipulation by country C forces countryUS to consume

more in period 1 and less in period 2. Formally, we have

3 1 1+2r5¢ Q2+rg¢ 1 1
us _ ° + 1 -~ 1 _ =+

€7 =350 2Q1+rgc 21+rse Q37 P3

|

1 1 1 Ps

C3°=2Q Q@ rf)=5Q2+r{)=Q S+

p_ !
US. ~USy _ Q2+rf° o 224+10 6. _ ) 2
u(cys;c¥S) =1n §1+rg°§(2+r1) =In Q*=——2—) =In 1.010Q

Under free capital mobility, utility in country US was higher, In 1:0208Q2 ,
see equation (4.13 ). But notice, that it continues to be the @se that even
when country C manipulates the current account, country US bene ts from
trading with country C. For under nancial autarky lifetime utility would
be only InQ?.

To induce the increase in the domestic interest rate in courty C, r§ ,
the government of this country could levy a tax on international borrowing
equal to the di erence betweenr§ and the world interest rate r1. Such a
tax is called a capital control, or Tobin, tax. For this tax not to have an
income e ect, the government must rebate in a non-distorting fashion (e.g.,
with a lump sum transfer) any revenues it collects with the capital control.

In this way the tax only a ects the allocation of consumption over time.



Chapter 5

Twin De cits: Fiscal De cits
and Current Account

Imbalances

We have deduced in previous chapters that the current accounis given by
the di erence between national savings and aggregate invésient. In turn,

national savings is the sum of private savings and governmeérsavings (or
scal surpluses). These accounting identities have led som to conjecture
that an important determinant of the current account is the scal surplus.
This connection between current account de cits and scal de cits is known

as the twin de cit hypothesis. The twin-de cit hypothesis ¢ omes to the fore
every time the country experiences simultaneously a large scal expansion
and a deterioration in the external accounts. The great recesion that be-

gan in December of 2007, for example, led the Obama adminisition to

127
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adopt a scal stimulus plan that is projected to result in the largest scal-
de cit-to-GNP ratios in the postwar United States. In spite of the fact that
aggregate demand, especially gross investment, have exjpenced a dramatic
contraction, the current account de cits have not disappeared. At the writ-
ing of the current draft, Spring of 2010, it is still too early to document
the behavior of the external and scal accounts following the announcement
and implementation of the Obama scal stimulus. Instead, owr approach
will be to scrutinize the twin-de cit hypothesis using data from the second
largest scal stimulus plan in the postwar era, namely the ore implemented
during the Reagan administration. The Reagan scal expanson is of partic-
ular interest because it coincided with the beginning of a sqeuence of large
current-account de cits in the United States. At the time, h owever, not all
economic observers attributed the emergent of current acamts de cits to
the scal stance. We therefore begin by analyzing the two mai theoreti-
cal views prevailing in the 1980s regarding the origins of tb U.S. external

imbalances.

5.1 Two Views About the Origins of the U.S. Ex-

ternal Imbalances

In previous chapters, we have documented that the early 1989were a turn-
ing point for the U.S. current account. Until 1982, the U.S. run current
account surpluses. Following this year, a string of large crrent account
de cits led to a substantial deterioration of the country's net international

investment position (see gure 1.3). Indeed, the US turned fom a net for-
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Figure 5.1: The U.S. current account in the 1980s: view 1
CARW¢ CARW r

CARW CAUSl 0 CAUSO cAYS
eign creditor in 1980 to the world's largest foreign debtor ly the end of the
decade.

The question of what factors are responsible for the enormai current
account de cits that have been taking place since the early 980s generates a
lot of attention, and a number of alternative explanations have been o ered.

One view of what caused the current account de cits of the 198s is that
in those years the rest of the world wanted to send their savigs to the U.S.,
so the U.S.had to run a current account de cit. This view is illustrated in
gure 5.1. The increase in the rest of the world's demand for US. assets is
re ected in a shift to the left of the current account schedule of the rest of
the world. As a result, in the new equilibrium position, the current account
in the U.S. deteriorates from CAUS® to CAYS* and the world interest rate

falls fromr %tor 1.
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What could have triggered such an increase in the desire of #hrest of the
world to redirect savings to the U.S.? A number of explanaticns have been
o ered. First, in the early 1980s, the U.S. was perceived as &afe heaven,"
that is, as a safer place to invest. This perception triggerd an increase in the
supply of foreign lending. For example, it has been argued tht international
investors were increasingly willing to hold U.S. assets dudo instability in
Latin America; in the jargon of that time, the U.S. was the recipient of the
\capital ight" from Latin America. Second, as a consequence of the debt
crisis of the early 1980s, international credit dried up, facing developing
countries, particularly in Latin America, to reduce current account de cits.
Third, nancial deregulation in several countries made it easier for foreign

investors to hold U.S. assets. An example is Japan in the latd 980s?!

A second view of what caused the U.S. current account de cit $ that in
the 1980s the U.S. wanted to save less and spend more at any &hof the
interest rate. As a result, the American economyhad to draw savings from
the rest of the world. Thus, U.S. foreign borrowing went up ard the current
account deteriorated. Figure 5.2 illustrates this view. Asa result of the
increase in desired spending relative to income in the U.Sthe CA schedule
for the U.S. shifts to the left, causing a deterioration in the U.S. current
account from CAUS® to CAUS! and an increase in the world interest rate
fromr °to r 1. Under view 2, the deterioration of the U.S. current account
is the consequence of a decline in U.S. national savings or an increase in

U.S. investment or a combination of the two.

1See J. Frankel, \US Borrowing from Japan,” in Dilip Das, International Finance,
Routledge, 1993, chapter 28.
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Figure 5.2: The U.S. current account in the 1980s: view 2

CARW r CAUS

How could we tell views 1 and 2 apart? One strategy is to look fo
an economic variable about which the two views have di erentpredictions.
Once we have identi ed such a variable, we could look at actuhdata to see
which view its behavior supports. Comparing gures 5.1 and 52, it is clear
that a good candidate for testing the two views is the real interest rate.
The two views have di erent implications for the behavior of the interest
rate in the U.S. Under view 1, the interest rate falls as the foeign supply
of savings increases, whereas under view 2 the interest ratises as the U.S.
demand for funds goes up. What does the data show? In the earl§980s,
the U.S. experienced a big increase in real interest rates ég gure 5.3).
The same pattern, although not so dramatic, arises in the resof the world.

This evidence seems to vindicate view 2. We will therefore gxore this view
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Figure 5.3: Real interest rates in the United States 1970-199
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Source: Economic Report of the President, 2000. Note: The e in-
terest rate is measured as the di erence between the 3-monthireasury
bill rate and consumer price in ation. (Thus, this is an ex post real
interest rate.)

further.

As already mentioned, view 2 requires that either the U.S. saing sched-
ule shifts to the left, or that the U.S. investment schedule sifts to the right

or both (see gure 5.4).

Before looking at actual data on U.S. savings and investmena comment
about national savings is in order. National savings is the am of private

sector savings, which we will denote bySP, and government savings, which
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Figure 5.4: View 2 requires shifts in the U.S. savings or invement schedules

r
1 ¢ S¢

we will denote by S9. Letting S denote national savings, we have

S=SP+ 389

Thus far we have analyzed a model economy without a public sear. In an
economy without a government, national savings is simply egal to private
savings, that is, S = SP. However, in actual economies government savings
accounts for a non-negligible fraction of national savings To understand
what happened to U.S. savings in the 1980s the distinction bveen private
savings and government savings is important. With this comnent in mind,
let us now turn to the data.

Figure 5.5 displays with a solid line private savings,SP, with a broken
line national savings, S, and with a circled line investment, | . The di erence
between the solid and the broken lines represents governmesavings, S9.
The gure shows that national savings and private savings bgin to diverge
in 1980, with national savings falling consistently below pivate savings.

This gap re ects the scal de cits created by the Reagan scal expansion.
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Figure 5.5: U.S. Saving and Investment in Percent of GNP
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Source: Norman S. Fieleke, \The USA in Debt," New England
Economic Review September-October 1990, pages 34-54, table
11.
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Speci cally, the increase in the scal de cit in the early 19 80s arose due
to, among other factors, a tax reform, which reduced tax revaues, and an
increase in defense spending.

Advocates of the twin-de cit hypothesis emphasize the factthat the
decline in the current account balance, given byS | (the di erence between
the broken line and the circled line in gure 5.5), is roughly equal to the
decline in government savings (given by the di erence betwen the solid
and the broken lines). They therefore conclude that the incease in the
scal de cit causedthe decline in the current account. However, this causal
direction, which implies that that the increase in the govemment de cit,
that is, a decline in government savings, shifted the U.S. saings schedule to
the left is not necessarily correct. The reason is that changs in scal policy
that cause the scal de cit to increase may also induce o setting increases
in private savings, leaving total savings|and thus the curr ent account|
unchanged. In order to understand the relation between sca de cits and
private savings, in the next section, we extend our theorettal model to

incorporate the government.

5.2 The government sector in the open economy

Consider the two-period endowment economy studied in chapmr 2, but as-
sume the existence of a government that purchases goods; and G, in
periods 1 and 2, respectively, and levies lump-sum taxe$; and T,. In ad-
dition, assume that the government starts with initial nan cial assets in the

amount of Bg. The government faces the following budget constraints in
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periods 1 and 2:
Gi1+(Bf BJ)=reBJ+ Ty

G,+(BY BY)=rB{+ T,

whereB? and B3 denote the amount of government asset holdings at the end
of periods 1 and 2, respectively. The left-hand side of the st constraint
represents the government's outlays in period 1, which corist of govern-
ment purchases of goods and purchases of nancial assets. &hright-hand
side represents the government's sources of funds in periotl namely, tax
revenues and interest income on asset holdings. The budgebnstraint in

period 2 has a similar interpretation.

Like households, the government is assumed to be subject toro-Ponzi-
game constraint that prevents it from having debt outstanding at the end of
period 2. This means thath must be greater or equal to zero. At the same
time, a benevolent government|that is, a government that ca res about the
welfare of its citizens|would not nd it in its interest to en d period 2 with
positive asset holdings. This is because the government wihot be around
in period 3 to spend the accumulated assets in ways that wouldbene t its
constituents. This means that the government will always chnoseBg to be

less than or equal to zero. The above two arguments imply that

Combining the above three expressions, we obtain the folloing intertem-
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poral government budget constraint:

G2
1+rq

T2
1+rq

Gy + =(1+ ro)BJ+ T+ (5.1)

This constraint says that the present discounted value of ggernment con-
sumption (the left-hand side) must be equal to the present dscounted value
of tax revenues and initial asset holdings including interst (the right-hand

side). Note that there exist many (in fact a continuum of) tax policies
T1 and T, that nance a given path of government consumption, G; and
Gy, i.e., that satisfy the intertemporal budget constraint of the government
given by (5.1). However, all other things equal, given taxesn one period,
the above intertemporal constraint uniquely pins down taxes in the other
period. In particular, a tax cut in period 1 must be o set by a t ax increase
in period 2. Similarly, an expected tax cut in period 2 must beaccompanied

by a tax increase in period 1.

The household's budget constraints are similar to the ones w derived
earlier in chapter 2, but must be modi ed to re ect the fact th at now house-
holds must pay taxes in each of the two periods. Speci callythe household's

budget constraints in periods 1 and 2 are given by

Ci+ T+ B]F_) Bg: I’oBg+ Ql

Co+ To+ Bg B]F_):I']_B]F_)+ Q2
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We also impose the no-Ponzi-game condition

Combining these three constraints yields the following inertemporal budget

constraint:

Co
1+rq

]
=@+ B QL it 2 (5.2

Ci+

This expression says that the present discounted value offitime consump-
tion, the left-hand side, must equal the sum of initial wealth, (1 + ro)Bp,
and the present discounted value of endowment income net ofaixes, Q1

T1)+(Q2 T2)=(1+ r1). Note that the only di erence between the above
intertemporal budget constraint and the one given in equaton (2.4) is that

now Q; T, takes the place ofQ;, fori =1;2.

As in the economy without a government, the assumption of a srall
open economy implies that in equilibrium the domestic interest rate must

equal the world interest rate, r , that is,

r{=r: (5.3)

The country's net foreign asset position at the beginning ofperiod 1, which
we denote byB,, is given by the sum of private and public asset holdings,

that is,
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We will assume for simplicity that the country's initial net foreign asset
position is zero:

B, =0: (5.4)
Combining (5.1), (5.2), (5.3), and (5.4) yields,

Co+ Gy Q2

Ci+ G+ = Qi+ :
1 1t T Q1 Tor

This intertemporal resource constraint represents the cosumption possibil-
ity frontier of the economy. It has a clear economic interpraation. The

left-hand side is the present discounted value of domestictesorption, which
consists of private and government consumption in each peoid.? The right-

hand side of the consumption possibility frontier is the present discounted
value of domestic output. Thus, the consumption possibility frontier states
that the present discounted value of domestic absorption mat equal the
present discounted value of domestic output.

Solving for C,, the consumption possibility frontier can be written as

Co=(1+r)Qr Ci1 G+ Q Gz (5.5)

Figure 5.6 depicts the relationship betweenC, and C, implied by the con-
sumption possibility frontier. It is a downward sloping lin e with slope equal
to (1+ r ). Consumption in each period is determined by the tangency b
the consumption possibility frontier with an indi erence c urve.

Note that neither T, nor T, appear in the consumption possibility fron-

2As noted in chapter 1, domestic absorption is the sum of consumption and investment.
However, in the endowment economy under analysis investmert is identically equal to zero.
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Figure 5.6: Optimal consumption choice

N

- CZ:(1+r*)(Q1-C 1—G 1)+Q2-G 2

tier. This means that, given G; and G,, any combination of taxesT, and T,
satisfying the government's budget constraint (5.1) will be associated with

the same private consumption levels in periods 1 and 2.

5.3 Ricardian Equivalence

In order to understand the merits of the view that attributes the large cur-
rent account de cits of the 1980s to scal de cits generated in part by the

tax cuts implemented by the Reagan administration, we must cetermine
how a reduction in taxes a ects the current account in our model economy.
Because the current account is the di erence between natioal savings and

investment, and because investment is by assumption nil in or endowment
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economy, it is su cient to characterize the e ect of tax cuts on national sav-
ings2 As mentioned earlier, national savings equals the sum of g@rnment
savings and private savings.

Private savings in period 1, which we denote bySP, is de ned as the
di erence between disposable incomegiven by domestic output plus inter-
est on net bond holdings by the private sector minus taxes, ad private
consumption:

S]F_) = Q1+ I’oBg T1 Ci:

Because, as we just showed, for a given time path of governmepurchases,
private consumption is una ected by changes in the timing of taxes and
becauseroBg is predetermined in period 1, it follows that changes in lump
sum taxes in period 1 induce changes in private savings of equisize and
opposite sign:

sP= T (5.6)

The intuition behind this result is the following: Suppose, for example,
that the government cuts lump-sum taxes in period 1, keepinggovernment
purchases unchanged in both periods. This policy obliges #ngovernment to
increase public debt by T; in period 1. In order to service and retire this
additional debt, in period 2 the government must raise taxesby (1+r1) T;.
Rational households anticipate this future increase in taxes and therefore
choose to save the current tax cut (rather than spend it in corsumption

goods) so as to be able to pay the higher taxes in period 2 withd having

31t is worth noting, however, that if the government levies on ly lump-sum taxes, as
assumed in the present analysis, then the results of this set¢ion apply not only to an
endowment economy but also to an economy with investment.
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to sacri ce consumption in that period. Put di erently, a ch ange in the

timing of lump-sum taxes does no alter the household's lifédie wealth.

Government savings, also known as thesecondary scal surplus is de-
ned as the di erence between revenues (taxes plus interesbn asset hold-

ings) and government purchases. Formally,

Sg = I’oBg +T1 G

When the secondary scal surplus is negative we say that the gvernment
is running a secondary scal de cit. The secondary scal surplus has two
components: interest income on government asset hoIdings({Bg) and the
primary scal surplus (Ty Gi). The primary scal surplus measures the
di erence between tax revenues and government expenditui® When the
primary scal surplus is negative, that is, when government expenditures

exceed tax revenues, we say that the government is running primary de cit .

Given an exogenous path for government purchases and givehé initial
condition roBg, any change in taxes in period 1 must be re ected one-for-one

in a change in government saving, that is,
s{= Ti (5.7)
As we mentioned before, national saving, which we denote b, is given

by the the sum of private and government saving, that is,S; = SP + SJ;.

Changes in national savings are thus equal to the sum of chamg in private
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savings and changes in government savings,

S;= sP+ s

Combining this expression with equations (5.6) and (5.7), ve have that

S, = T+ T1=0:

This expression states that national savings is una ected ly the timing of
lump-sum taxes. This is an important result in Macroeconomts. For this

reason it has been given a special nameRicardian Equivalence*

Recalling that the current account is the di erence between national
saving and investment, it follows that the change in the current account in
response to a change in taxes, holding constant governmenipenditure, is
given by

CA1= S Iq1:

Therefore, an increase in the scal de cit due to a decline incurrent lump-
sum taxes (leaving current and expected future government jgending un-

changed) hasno e ect on the current account, that is,

CA]_:OZ

4This important insight was rst formalized by Robert Barro o f Harvard University in
\Are Government Bonds Net Wealth," Journal of Political Economy, 1974, volume 82,
pages 1095-1117.
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5.3.1 Then what was it?

Let us take stock of what we have learned from our model. If themodel of
Ricardian Equivalence represents an adequate descriptionf how the econ-
omy works and if the main cause of the scal de cits of the 1983 was the
Reagan tax cuts, then what we should have observed is a decknin public
savings, an o setting increase in private savings, and no chnge either in
national savings or the current account. What does the data how? In the
1980s there was a signi cant cut in taxes. As predicted by thery, the tax

cuts were accompanied by a signi cant decline in public sawigs (see the dif-
ference between the solid and broken lines in gure 5.5). Hoewver, contrary
to the predictions of Ricardian Equivalence, private savirgs did not increase
by the same amount as the decline in public savings and as a nels both

national savings and the current account to plummeted. We tterefore con-
clude that either the scal de cits of the 1980s were caused § factors other
than the tax cuts, such as increases in government spendingyr Ricardian

Equivalence does not hold, or both. We explore these possilties further

in the next section.

5.4 Government Spending and Current Account
De cits
What are other possible interpretations of the view according to which the

large current account de cits of the 1980s were due to a dedhie in desired

savings and/or an increase in desired U.S. spending? One pmible inter-
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pretation is that the increase in the U.S. scal de cit of the 1980s was not
solely a deferral of taxes, but instead government purchasewere increased
temporarily, particularly military spending. In our model , an increase in
government purchases in period 1 of Gi, with government purchases in
period 2 unchanged, is equivalent to a temporary decline in otput. In
response to the increase in government spending, househslavill smooth
consumption by reducing consumption spending in period 1 byless than
the increase in government purchases (C; + Gi > 0). Because neither
output in period 1 nor investment in period 1 are a ected by the increase
in government purchases, the trade balance in period 1, whitis given by
Q1 Ci Gi Iy, deteriorates ( TB1 = C G1 < 0). The current
account, given byroB, + TBj, declines by the same amount as the trade
balance ( CA1 = TBjy; recall that net investment income is predeter-
mined in period 1). The key behind this result is that consumgion falls by
less than the increase in government purchases. The e ect dhe increase in
government purchases on consumption is illustrated in gure 5.7. The initial
consumption allocation is point A. The increase inG; produces a parallel
shift in the economy's resource constraint to the left by G;. If consump-
tion in both periods is normal, then both C; and C, decline. Therefore, the
new optimal allocation, point B, is located southwest of pont A. Clearly,

the decline in C; is less in absolute value than G;.

Is this explanation empirically plausible? There exists ewdence that gov-
ernment spending went up in the early 1980s due to an increasa national
defense spending as a percentage of GNP. Table 5.1 indicatdsat military

purchases increased by about 1.5% of GNP from 1978 to 1985. Baccord-
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Figure 5.7: Adjustment to a temporary increase in governmeh purchases

¢,

A

o Cprr)(QC -G ) +Q,G,

ing to our model, this increase in government purchases (ifémporary) must
be associated with a decline in consumption. Thus, the dedtie in national
savings triggered by the Reagan military build up is at most 15% of GNP,
which is too small to explain all of the observed decline in ndonal savings

of 3% of GNP that occurred during that period (see gure 5.5).

5.5 Failure of Ricardian Equivalence

Thus far, we have considered two arguments in support of the iew that
the US external imbalances of the 1980s were the result of a dine in
domestic savings (view 2). One was increases in governmenpending and

the other was cuts in taxes. We concluded that if Ricardian Ealivalence
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Table 5.1: U.S. military spending as a percentage of GNP: 198-1987

Military
Year Spending
(% of GNP)
1978-79 5.1-5.2
1980-81 5.4-5.5
1982-84 6.1-6.3
1985-87 6.7-6.9

holds, then cuts in taxes could not explain the observed detgoration in
the U.S. current account. A third argument in support of view 2 is that
Ricardian Equivalence may not be right.

There are at least three reasons why Ricardian Equivalence ay fail to
hold. One is that households are borrowing constrained. A smnd reason
is that the people that bene t from the tax cut are not the same that must
pay for the future tax increase. And a third reason is that taxes are not
lump-sum. In what follows of this section, we will explore ezh of these

reasons in some detail.

5.5.1 Borrowing Constraints

To see why borrowing constraints may lead to a breakdown in Riardian
Equivalence, consider the case of a young worker who expectss future
income to be signi cantly higher than his current income, perhaps due to
on-the-job training or to the fact that he is simultaneously attending a good
college. Based on this expectation, he might want to smooth @ensumption

over time by borrowing against his higher future income. Hovever, sup-
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pose that, perhaps because of imperfections in nancial mdeets, such as
asymmetric information between borrowers and lenders, he annot procure
a loan. In this case, the young worker is said to be borrowing @nstraint.
Suppose now that the government decides to implement a cut ircurrent
(lump-sum) taxes, nanced by an increase in future taxes. Wil the young
worker increase his savings by the same amount as the tax cutsgprescribed
by Ricardian Equivalence? Most likely not. He will probably view the tax
cut as a welcome relief from his borrowing constraint and albcate it to con-
sumption. So the decline in government savings due to the taxut is met by
no changed in private savings. As a result, national savingand the current

account will both deteriorate following the cut in lump-sum taxes.

Let's analyze this story a more formally. Suppose househoklhave initial
wealth equal to zero By = 0) and that they are precluded from borrowing
in nancial markets, that is, they are constrained to chooseB‘l’ 0. Assume
further that neither rms nor the government are liquidity ¢ onstrained, so
that they can borrow at the world interest rate r . Figure 5.8 illustrates this
case. Suppose that in the absence of borrowing constraintthe consumption
allocation is given by point A, at which households in period 1 consume
more than their after-tax income, that is, Cf > Q1 Ti. This excess of
consumption over disposable income is nanced by borrowingn the nancial
market (Bf < 0). In this case the borrowing constraint is binding, and
households are forced to choose the consumption allocatidd, where C; =
Q1 Ti. ltis easy to see why, under these circumstances, a tax cut piduces
an increase in consumption and a de cit in the current accoun. The tax cut

relaxes the household's borrowing constraint. The increas in consumption
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Figure 5.8: Adjustment to a temporary tax cut when households are liquidity

constrained

¢,

A
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is given by the size of the tax cut ( C; = T1), which in gure 5.8 is

measured by the distance between the vertical lines L and £ The new
consumption allocation is given by point B', which lies on the economy's
resource constraint and to the right of point B. Consumption in period 1

increases by the same amount as the tax cut. Because neithemiestment
nor government purchases are a ected by the tax cut, the trace balance and
hence the current account deteriorate by the same amount ashe increase
in consumption. Thus, in the presence of borrowing constraits the increase
in the scal de cit leads to a one-for-one increase in the curent account

de cit.

Can the presence of nancial constraintsper se explain the current ac-
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count de cits of the 1980s as being a consequence of expansary scal pol-
icy? The tax cut implemented during the Reagan administration amounted
to about 3 percent of GDP. The observed deterioration in the wrrent ac-
count during those years was also of about 3 percent of GDP. lis then
clear that in order for the liquidity-constraint hypothesi s alone to explain
the behavior of the current account in the 1980s, it should bethe case that

100% of the population must be borrowing constrained.

5.5.2 Intergenerational E ects

A second reason why Ricardian Equivalence could fail is thatthose who
bene t from the tax cut are not the ones that pay for the tax inc rease later.
To illustrate this idea, consider an endowment economy in with households
live for only one period. Then, the budget constraint of the generation alive
in period 1 is given by C1 + T1 = Qq, and similarly, the budget constraint of
the generation alive in period 2 isC, + T2 = Qo. Suppose that the govern-
ment implements a tax cut in period 1 that is nanced with a tax increase in
period 2. Clearly, C; = T,and C, = T,. Thus, the tax cut pro-
duces an increase in consumption in period 1 and a decreasedonsumption
in period 2. As a result, the trade balance and the current acount in period
1 decline one-for-one with the decline in taxes. The intuitbn for this result
is that in response to a decline in taxes in period 1, the genation alive
in period 1 does not increase savings in anticipation of thedx increase in
period 2 because it will not be around when the tax increase ignplemented.
What percentage of the population must be 1-period lived in @der for this

hypothesis to be able to explain the observed 3% of GNP declmin the
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U.S. current account balance, given the 3% decline in govement savings?

Obviously, everybody must be 1-period lived.

5.5.3 Distortionary Taxation

Finally, Ricardian equivalence may also breakdown if taxesare not lump
sum. Lump-sum taxes are those that do not depend on agents' aicions.
In the economy described in section 5.2, households are tagtd'; in period 1
and T, in period 2 regardless of their consumption, income, or sangs. Thus,
in that economy lump-sum taxes do not distort any of the decisons of the
households. In reality, however, taxes are rarely lump sumRather, they are
typically speci ed as a fraction of consumption, income, rms' pro ts etc.
Thus, changes in tax rates will tend to distort consumption, savings, and
investment decisions. Suppose, for example, that the govament levies a
proportional tax on consumption, with a tax rate equal to 1 in period 1 and
2 in period 2. Then the after-tax cost of consumption is (1+ 1)C; in period
land (1+ 2)C, in period 2. In this case, the relative price of period-1 con-
sumption in terms of period-2 consumption faced by househals is not simply
1t

1+ ry, as in the economy with lump-sum taxes, but (1 +r1)7 L. Suppose

now that the goverment implements a reduction in the tax rate in period
1. By virtue of the intertemporal budget constraint of the government, the
public expects, all other things equal, an increase in the aasumption tax
rate in period 2. Thus, the relative price of current consumgion in terms of
future consumption falls. This change in the relative price of consumption
induces households to substitute current for future consurption. Because

rms are not being taxed, investment is not a ected by the tax cut. As
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a result, the trade balance, given byTB; = Q; C; G; |41, and the
current account, given by CA; = TB1+ roB, both deteriorate by the same
amount.

We conclude that if the current account de cit of the 1980s isto be
explained by the scal imbalances of the Reagan administraiton, then this
explanation will have to rely on a combination of an increasein govern-
ment expenditure and multiple factors leading to the failure of Ricardian

equivalence.



Chapter 6

International Capital Market

Integration

In the past two decades, a number of events around the world h&e made
the assumption of free capital mobility increasingly realistic. Among the

developments that have contributed to increased capital maility are:

The breakdown of the Bretton-Woods System of xed exchange ates
in 1972 allowed, as a byproduct, the removal of capital contols in

some European countries, particularly in Germany in the mid 1970s.

The high in ation rates observed in the 1970s together with the Fed-
eral Reserve's regulationQ which placed a ceiling on the interest rate
that US banks could pay on time deposits, led to fast growth ofeu-
rocurrency markets. A eurocurrency deposit is a foreign cuency de-
posit. For example, a Eurodollar deposit is a dollar depositutside the

United States (e.g., a dollar deposit in London). A yen depoi at a

153



154

S. Schmitt-Grole and M. Uribe

bank in Singapore is called a Euro yen deposit and the interdgate on
such deposit is called the Euro yen rate (i.e., the interest ate on yen
deposits outside Japan). The biggest market place for Euraarrency

deposits is London.

Technological advances in information processing made it asier to
watch several markets at once and to arbitrage instantly betveen mar-

kets.

In the past few decades there has been a general trend for dengation
of markets of all kinds. For example, nancial markets were ceregu-
lated in 1979 in Great Britain under the Thatcher administra tion and

in the 1980s in the U.S. under the Reagan administration.

In the past twenty years, Europe underwent a process of ecomoic and
monetary uni cation. Speci cally, capital controls were a bolished in
1986, the single market became reality in 1992, and in 1999 Eape

achieved a monetary union with the emergence of the Euro.

6.1 Measuring the degree of capital mobility: (1)

Saving-Investment correlations

In 1980 Feldstein and Horioka wrote a provoking paper in whit they showed

that changes in countries' rates of national savings had a wg large e ect on

their rates of investment.! Feldstein and Horioka examined data on average

M. Feldstein and C. Horioka, \Domestic Saving and Internati onal Capital Flows,"
Economic Journal 90, June 1980, 314-29.
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investment-to-GDP and saving-to-GDP ratios from 16 industrial countries

over the period 1960-74. The data used in their study is ploted in gure 6.1.

Figure 6.1: Saving and Investment Rates for 16 Industrializd Countries,
1960-1974 Averages

0.4
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S/GDP

Source: M. Feldstein and C. Horioka, \Domestic Saving and Irterna-
tional Capital Flows," Economic Journal 90, June 1980, 314-29.

Feldstein and Horioka argued that if capital was highly mobile across
countries, then the correlation between savings and inveshent should be
close to zero, and therefore interpreted their ndings as eudence of low
capital mobility. The reason why Feldstein and Horioka arrived at this

conclusion can be seen by considering the identity,

CA=S I
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where CA denotes the current account balanceS denotes national savings,
and | denotes investment. In a closed economylji.e., in an economywith-
out capital mobility|the current account is always zero, so that S= 1| and
changes in national savings are perfectly correlated with ltanges in invest-
ment. On the other hand, in a small open economy with perfect apital
mobility, the interest rate is exogenously given by the worl interest rate,
so that if the savings and investment schedules are a ected ¥ indepen-
dent factors, then the correlation between savings and investma should
be zero. For instance, events that change only the savings Bedule will
result in changes in the equilibrium level of savings but wil not a ect the

equilibrium level of investment ( gure 6.2a). Similarly, events that a ect

Figure 6.2: Response ofS and | to independent shifts in (a) the savings
schedule and (b) the investment schedule
' @ ' ®

1 1

Iry) s(r,) s Iry) i) s(r,)
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only the investment schedule will result in changes in the egilibrium level
of investment but will not a ect the equilibrium level of nat ional savings

(gure 6.2h).

Feldstein and Horioka t the following line through the clou d of points
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shown in gure 6.1:2

~ =0:035+0:887
Q

+ R2=0:91

Olw

where (=Q); and (S=Q); denote, respectively, the average investment-to-
GDP and savings-to-GDP ratios in country i over the period 1960-74. Fig-
ure 6.1 shows the tted relationship as a solid line. Feldstén and Horioka
used data on 16 OECD countries, so that their regression wasased on 16
observations. The high value of the coe cient on S=Q of 0.887 means that
there is almost a one-to-one positive association betweenagings and in-
vestment rates. The reportedR? statistic of 0.91 means that the estimated
equation ts the data quite well, as 91 percent of the variation in I=Y is

explained by variations in S=Y.

The Feldstein-Horioka regression uses cross-country data A positive
relationship between savings and investment rates is alsolserved within
countries over time (i.e., in time series data). Speci call, for OECD coun-
tries, the average correlation between savings and investent rates over the
period 1974-90 is 0.495. The savings-investment correlath has been weak-
ening overtime. Figure 6.3 shows the U.S. savings and invastent rates
from 1955 to 1987. Until the late 1970s savings and investmerwere mov-
ing closely together whereas after 1980 they drifted apartAs we saw earlier
(see gure 5.5), in the rst half of the 1980s the U.S. economyexperienced

a large decline in national savings. A number of researcheisave attributed

2The slope and intercept of this line are found by minimizing t he sum of the squared
distances between the line and each data point. This way of t ting a line through a cloud
of points is called Ordinary Least Square estimation, or sim ply OLS estimation.
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Figure 6.3: U.S. National Saving, Investment, and the Current Account as
a Fraction of GNP, 1960-1998
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Source: Department of Commerce, Bureau of Economic Analysi www.bea.
gov.

the origin of these de cits to large scal de cits. Investme nt rates, on the
other hand, remained about unchanged. As a result, the coumy experienced
a string of unprecedented current account de cits. The fadhg association
between savings and investment is re ected in lower valuesfahe coe cient
on S=Q in Feldstein-Horioka style regressions. Speci cally, Frankel (1993)
estimates the relationship between savings and investmentates using time
series data from the U.S. economy and nds that for the period1955-1979
the coe cient on S=Y is 1.05 and statistically indistinguishable from unity.
He then extends the sample to include data until 1987, and nd that the co-

e cient drops to 0.03 and becomes statistically indistinguishable from zero.

3Jerey A. Frankel, \Quantifying International Capital Mob ility in the 1980s," in D.
Das, International Finance , Routledge, 1993.
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In the interpretation of Feldstein and Horioka, these regression results show
that in the 1980 the U.S. economy moved from a situation of vey limited

capital mobility to one of near perfect capital mobility.

But do the Feldstein-Horioka ndings of high savings-invesment cor-
relations really imply imperfect capital mobility? Feldst ein and Horioka's
interpretation has been criticized on at least two grounds. First, even under
perfect capital mobility, a positive association between avings and invest-
ment may arise because the same events might shift the savisgand invest-
ment schedules. For example, suppose that, in a small open @somy, the
production functions in periods 1 and 2 are given byQ; = A:F (K1) and
Q2 = AyF(K»>), respectively. Here Q1 and Q. denote output in periods 1
and 2, K1 and K, denote the stocks of physical capital (such as plant and
equipment) in periods 1 and 2,F () is an increasing and concave production
function stating that the higher is the capital input the hig her is output,
and A; and A, are positive parameters re ecting factors such as the state
of technology, the e ects of weather on the productivity of capital, and so
forth. Consider a persistent productivity shock. Speci cally, assume that
A1 and A; increase and thatA; increases by more thanA,. This situation
is illustrated in gure 6.4, where the initial situation is o ne in which the
savings schedule is given by5(r) and the investment schedule byl (r). At
the world interest rate r , the equilibrium levels of savings and investment
are given by S and I. In response to the expected increase ik\,, rms
are induced to increase next period's capital stockK ,, to take advantage
of the expected rise in productivity. In order to increase K,, rms must

invest more in period 1. Thus, |1 goes up for every level of the interest rate.
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Figure 6.4: Response of and | to a persistent productivity shock
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This implies that in response to the increase inA», the investment schedule
shifts to the right to | 1(r). At the same time, the increase inA, produces
a positive wealth e ect which induces households to increas consumption
and reduce savings in period 1. As a result, the increase ik, shift the
savings schedule to the left. Now consider the e ect of the inrease inAj.
This should have no e ect on desired investment because theapital stock in
period 1 is predetermined. However, the increase i1 produces an increase
in output in period 1 ( Q; > 0). Consumption-smoothing households will
want to save part of the increase inQ1. Therefore, the e ect of an increase
in A1 is a rightward shift in the savings schedule. Because we assied that
A1 increases by more thanA,, on net the savings schedule is likely to shift
to the right. In the gure, the new savings schedule is given ty Si(r). Be-

cause the economy is small, the interest rate is una ected bythe changes
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in A; and A,. Thus, both savings and investment increase toS* and I %,

respectively.

A second reason why savings and investment may be positivelorrelated
in spite of perfect capital mobility is the presence of largecountry e ects.
Consider, for example, an event that a ects only the savingsschedule in a

large open economy like the one represented in gure 6.5. Inasponse to

Figure 6.5: Large open economy: response & and | to a shift in the
savings schedule
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a shock that shifts the savings schedule to the right fromS(r) to Sqr) the
current account schedule also shifts to the right fromCA(r) to CAYr). As
a result, the world interest rate falls from r to r © The fall in the interest
rate leads to an increase in investment froml to 1% Thus, in a large open
economy, a shock that a ects only the savings schedule restd in positive

comovement between savings and investment.
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6.2 Measuring capital mobility: (II) Interest rate

di erentials

A more direct measure of the degree of international capitaimobility than
the one used by Feldstein and Horioka is given by di erencesn interest
rates across countries. In a world that enjoys perfect capil mobility, the
rate of return on nancial investments should be equalized @ross countries.
Otherwise, arbitrage opportunities would arise inducing @apital to ow out
of the low-return countries and into the high-return countries. This move-
ment of capital across national borders will tend to eliminate the di erence
in interest rates. If, on the other hand, one observes that iterest rate dif-
ferential across countries persist over time, it must be thecase that in some
countries restrictions on international capital ows are in place. It follows
that a natural empirical test of the degree of capital market integration is
to look at cross-country interest rate di erentials. However, such a test is
not as straightforward as it might seem. One di culty in meas uring interest
rate di erentials is that interest rates across countries are not directly com-
parable if they relate to investments in di erent currencies. Suppose, for
example, that the interest rate on a 1-year deposit in the Unted States is 6
percent and on a 1-year deposit in Mexico is 30 percent. Thisnierest rate
di erential will not necessarily induce capital ows to Mex ico. The reason is
that if the Mexican peso depreciates sharply within the investment period,
an investor that deposited his money in Mexico might end up wth fewer
dollars at the end of the period than an investor that had invested in the

United States. Thus, even in the absence of capital controlsdi erences in
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interest rates might exist due to expectations of changes ithe exchange rate
or as a compensation for exchange rate risk. It follows that ameaningful
measure of interest rate di erentials ought to take the exchange rate factor

into account.

6.2.1 Covered interest rate parity

Suppose an investor has 1 US dollar and is trying to decide whieer to invest
it domestically or abroad, say in Germany. Leti denote the US interest
rate and i the foreign (German) interest rate. If the investor deposits his
money in the US, at the end of the period he receives 1 + dollars. How
many dollars will he have if instead he invested his 1 dollarm Germany? In
order to invest in Germany, he must rst use his dollar to buy euros. Let
S denote the spot exchange rate, de ned as the dollar price of Euro. The
investor gets 1=S euros for his dollar. At the end of the investment period,
he will receive (1 +i )=S euros. At this point he must convert the euros
into dollars. Let S®denote the spot exchange rate prevailing at the end of
the investment period. Then the (1 + i )=S euros can be converted into
(1 + i )S%S dollars. Therefore, in deciding where to invest, the invesor
compares the return of investing in the US, 1 +i, to the dollar return of
an equivalent investment in Germany, (1+i )S%S. If 1+ i is greater than
(1 + i )S%S, then it is more pro table to invest in the United States. In
fact, in this case, the investor could make unbounded pro tsby borrowing in
Germany and investing in the US. Similarly, if 1+ i is less than (1+i )S%S,
the investor could make in nite pro ts by borrowing in the US and investing

in Germany. This investment strategy su ers, however, from a fundamental
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problem. Namely, the fect that at the time the investment is made the
exchange rate prevailing at the end of the investment periodS® is unknown.
This means that the return associated with investing in the United States,
1+ i, and the one associated with investing in Germany, (1 + )S%S, are
not directly comparable because the former is known with ceminty at the

time the investment is made whereas the latter is uncertain &that time.

Forward exchange markets are designed precisely to allow vestors to
circumvent this problem. The investor can eliminate the exdange rate
uncertainty by arranging at the beginning of the investment period, the
purchase of the necessary amount of U.S. dollars to be delived at the
end of the investment period for a price determined at the bemning of
the period. Such a foreign currency purchase is called forward contract.
Let F denote the forward rate, that is, the dollar price at the beginning
of the investment period of 1 euro delivered and paid for at tke end of the
investment period. Then, the dollar return of a one-dollar investment in
Germany using the forward exchange market is (1 + )F=S. This return is
known with certainty at the beginning of the investment period, making it
comparable to the return on the domestic investment, 1 +i. The di erence
between the domestic return and the foreign return expresst in domestic
currency by use of the forward exchange rate is known as the gered interest

rate di erential:
. . . . F
Covered Interest Rate Dierential = (1+ i) (1+ i )gz

This interest rate di erential is called covered because the use of the forward
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exchange rate covers the investor against exchange rate kis

The percentage di erence between the forward exchange ratd-, and the
spot exchange rate,S, is called the forward discount, which we will denote
that fd. Thatis, fd = (F S)=F. When the forward discount is not too
big, it can be well approximated by f s, wheref =In(F) and s =In( S).
For instance, suppose thatF = 1:01 andS =1, so that fd = 0:01 or 1%. In
this case, we have thatf s =0:00995, which is close to 0.01, or 1%. Also,
when both the foreign interest rate and the forweard discounhare small, the
return on the foreign-currency investment, (1 +i )F=S, can be reasonably
approximated by 1+ 1 + f s. For instance, suppose that the foreign
interest rate is 3% and that the foreign discount is 1%. Then,we have that
(1+i)F=S=1:03 1:.01=1:0403,and 1+i +f s=1+0:03+0:0095=
1:0395. Using these approximations, we can write the coveredierest rate

di erential as:

Covered Interest Rate Di erential = i i (f 9):

Or, using the notation fd for the forward discount,

Covered Interest Rate Di erential = i i fd: (6.1)

The covered interest rate di erential is also known as the country risk pre-
mium. When the covered interest rate di erential, or country ris k premium,
is zero or very close to zero, we say thatovered interest rate parity holds.

In the absence of barriers to capital mobility, a violation of covered interest
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rate parity implies the existence of arbitrage opportunities. That is, the
possibility of making unbounded amounts of prots by borrowing in one
country and investing in another without taking on any risk. Consider the
following example. Suppose that the annual nominal interesrate in the
U.S. is 7% ( = 0:07), that the annual nominal interest rate in Germany is
3% (i = 0:03), that the spot exchange rate is $0.5 per euro$ = 0:5), and
that the 1-year forward exchange rate is $0.51 per euroK = 0:51). In this
case, the forward discount is 2%, ofd = In(0:51=0:50) 0:02. Thus, the
covered interest rate di erential is 2% = 7% 3% 2%. In the absence of
barriers to international capital mobility, this violatio n of covered interest
parity implies that it is possible to make pro ts by borrowin g in Germany,
investing in the U.S., and buying euros in the forward marketto eliminate
the exchange rate risk. To see how one can exploit this situabn consider
the following sequence of trades. (1) borrow 1 euro in German (2) ex-
change your euro in the spot market for $0.5. (3) Invest the $& in U.S.
assets. (4) buy 1.03 euros in the forward market (you will ned this amount
of euros to repay your euro loan including interest). Note that buying ruros
in the forward market involves no payment at this point. (5) A fter 1 year,
your U.S. investment yields 107 $0:;5 = $0:535 (6) Execute your for-
ward contract, that is, purchase 1.03 euros for G61$=E E 1:03 = $0:5253.
The di erence between what you receive in (5) and what you payin (6) is
$0:535 $0:5253 = $0.0097> 0. Note that this operation involved no risk
(because you used the forward marke), needed no initial cafal, and yielded
a pure prot of $0.0097. It is clear from this example that the covered in-

terest rate di erential, or country premium, should be zero if there are no
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barriers to capital ows.

Table 6.1 shows the average covered interest rate di erendl for four

Table 6.1: Covered interest rate di erentials for selectedcountries
September 1982-January 1988 (in percent)

i fd
Mean | Std. Dev.
Germany 0.35 0.03
Switzerland | 0.42 0.03
Mexico -16.7 1.83
France -1.74 0.32

The covered interest rate di erential is measured by the dones-
tic 3-month interest rate minus the 3-month Euro-dollar int erest
rate minus the forward discount. Source: J. Frankel,\Quanti-

fying International Capital Mobility in the 1980s," in D. Das,
International Finance, Routledge, 1993, table 2.6.

countries over the period 1982-1988. Over that period Germiay and Switzer-
land had small country risk premia: less than 50 basis pointson average.
Thus, Germany and Switzerland appeared to be relatively ope to interna-
tional capital ows in the early 1980s. By contrast, Mexico had an enormous
negative country risk premium of over 16 percent. The periodl982-1988 cor-
responds to the post debt crisis period, when the nancial setor in Mexico
was nationalized and deposits were frozen. During that pend, investors
wanted to take their capital out of Mexico, but were impeded by nancial
regulations. In France barriers to the movement of capital were in place until
1986, which explains the large average deviations from cowed interest rate
parity vis-a-vis the two other industrialized countries shown in the table.

The fact that the country risk premia of France and Mexico are negative
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indicates that capital controls were preventing capital from owing out of
these countries.

Table 6.2 presents an alternative approach to computing cogred interest
rate di erentials. It uses interest rate di erentials betw een domestic deposit
rates and Eurocurrency deposit rates. For example, it compees the interest
rate on a French franc deposit in France to the interest rate m a French franc
deposit outside France, say in London. Since both depositsra in French
francs the exchange rate plays no role in comparing the two iterest rates.
The table provides further evidence suggesting that the preence of capital
controls leads to deviations from covered interest rate paity. It shows dif-

Table 6.2: International capital mobility in the 1990s
Domestic Interbank minus Eurocurrency 3-month interest rates: (in

percent)
1/1/82- | 2/1/87- | 7/1/90- | 6/1/92-
Country | 1/31/87 | 6/30/90 | 5/31/92 | 4/30/93
France -2.27 -0.11 0.08 -0.01
Italy -0.50 0.29 0.56 0.36
Germany 0.17 0.05 -0.05 0.07
Japan -0.07 -0.60 0.09 0.17

Source: M. Obstfeld,\International Capital Mobility in the 1990s," in
Kenen, Understanding Interdependence: The Macroeconomics of the
Open Economy, Princeton University Press, 1995, table 6.1.

ferences between domestic interbank and the correspondinguro currency
interest rate for France, Italy, Germany, and Japan from 198 to 1993. In
general, interest rate di erentials are lower after 1987. This is most evident
for France, where important capital market deregulation took place in 1986.

In Italy, the high di erential observed between 1990 and 192 re ects market
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fears that capital controls might be imposed to avoid realigyment of the lira,
as an attempt to insulate the lira from speculative attacks, like the one that
took place in August/September 1992. These violent speculéve attacks,
which a ected a number of European economies, particularly France, Swe-
den, Italy, and England, led to exchange rate realignments ad a temporary
suspension of the European Exchange Rate Mechanism (ERM) iSeptem-
ber 1992. Once the ERM was reestablished, the lira interestate di erential
falls as fears of capital controls vanish. Japan had large @hore/o shore
di erentials between February 1987 and June 1990, which wer the result of
the Bank of Japan's heavy use of administrative guidelines hold interbank
rates below o shore rates.

The empirical evidence we have examined thus far shows thatauntries
that have little barriers to capital mobility also tend to ha ve small coun-
try premia on assets with short maturities, typically 3 mont hs. However,
this nding also holds for assets with longer maturities. For example, the
covered interest rate di erential on ve-year U.S. government bonds ver-
sus Japanese bonds averaged only 0.017 percentage pointsthe period
10/3/1985 to 7/10/1986, and the di erential on 7-year bonds averaged only
0.053 percentage points. Over the same period, the mean direntials on 5-
year bonds for Germany were 0.284 percentage points and 0. 1§ercentage
points for Switzerland.* The magnitude of the covered interest rate di eren-
tials at these longer maturities is in line with those reported in table 6.1 for

much shorter maturities, supporting the argument that under free capital

4See, H. Popper, "International Capital Mobility: direct ev idence from long-term cur-
rency swaps," IFDP # 386, Board of Governors of the Federal Re serve System, September
1990.



170 S. Schmitt-Grole and M. Uribe

mobility covered interest rate di erentials should vanish.

6.2.2 Real interest rate di erentials and capital market in -

tegration

In the two-period model developed in previous chapters, pdect capital mo-
bility amounts to the domestic real interest rate r, being equal to the world
interest rate r . This suggests that another way of testing for capital mo-
bility could be to look at real interest rate di erentials ac ross countries.
Table 6.3 shows real interest rate di erentials,r r , in the 1980s for four
countries. The average real interest rate di erential overthe sample period
was signi cantly di erent from zero and quite volatile, wit h the highest mean
and standard deviation for Mexico, at the time a closed deveabping country.

But there seems to be a puzzle in the data shown in the table. Foexam-

Table 6.3: Real interest rate di erentials for selected countries
September 1982-January 1988

ror
Mean | Std. Dev.
Germany -1.29 0.65
Switzerland | -2.72 0.81
Mexico -20.28 9.43
France -0.48 0.72

Note: The real interest rate dierential (r r ) is measured by the
local minus the Eurodollar 3-month real expost interest rate (that is,
interest di erential less realized in ation di erential) . Source: Je rey
A. Frankel, \Quantifying International Capital Mobilityi n the 1980s,"
in D. Das, International Finance, Routledge, 1993, table 2.5.

ple, open developed economies such as Switzerland and Gemyahad large
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negative real interest rate di erentials, while France had a much smaller
real interest rate di erential despite the fact that it had s igni cant capital

controls in place over most of the sample period. This suggés that real
interest rate di erentials might not be such a good measure ¢ international

capital mobility.

As will become clear soon, in reality, real interest rate di erentials are
not good indicators of the degree of capital mobility. They represent a
good measure of international capital mobility only if the relative price of
consumption baskets across countries does not change ovéme and if there
is no nominal exchange rate uncertainty or if people don't cae about that
kind of risk. The rst two conditions are met in our simple two -period
model. In that model, there is only one good, which is assumetb be freely
traded across countries. Thus, the relative price of consumption baskets
across countries is constant and equal to one. In addition irnthat model

there is no uncertainty, and in particular no exchange rate isk.

To show that in actual data capital mobility need not imply a z ero real
interest rate di erential, we decompose the real interest iate di erential into
three components. We begin by noting that the real interest mate is given
by the di erence between the nominal interest rate and expeted in ation,
that is,

r=i © (6.2)

where r denotes the real interest rate,i denotes the nominal interest rate,
and € denotes expected in ation. This relationship is often refared to as

the Fisher equation. A similar relation must hold in the foreign country,
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that is,

where starred variables refer to variables in the foreign contry. Taking the

di erence of the domestic and foreign Fisher equations, we latain,

roro=(i i)+ ¢ 9

We will manipulate this expression to obtain a decompositio of the real
interest rate di erential, r r , into three terms re ecting: (i) the degree of
capital mobility; (i) nominal exchange rate risk; and (iii ) expected changes
in relative prices across countries. For illustrative purposes, let the U.S. be
the domestic country and Germany the foreign country. As abae, let S be
the spot nominal exchange rate de ned as the price of 1 euro irierms of
U.S. dollars and let S® be the nominal exchange rate expected to prevail
next period. Also, let F denote the forward rate. Let s, s¢, and f denote,
respectively, the logs ofS, S, and F. Add and subtract s+ s®+ f to the

right hand side of the above expression and rearrange termstget

ror =i i fd)+(f s+(s® s+ € 9 (6.3)

where we use the fact thatf s equals the forward discountfd. The rst
term on the right-hand side of this expression is the coverednterest rate
di erential. This term is zero if the country enjoys free capital mobility.
However, the above expression shows that the real interestate di erential

may not be equal to the covered interest rate di erential if the sum of the
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second and third terms on the right-hand side is di erent from zero. To the
extent that the sum of these two terms deviates signi cantly from zero, the
real interest rate di erential will be a poor indictor of the degree of capital

market integration. This point is illustrated in table 6.4, which shows the

Table 6.4: Decomposition of the real interest rate di erential for selected
countries: September 1982 to January 1988

Country ror |i i fd |f s®|s® s+ ¢ €
(2) (2) )
Germany -1.29 0.35 4.11 -6.35
Switzerland | -2.72 0.42 3.98 -8.35
France -0.48 -1.74 7.47 -6.26
Mexico -20.28 -16.47 6.04 -3.32

Note: Columns (1), (2), and (3) do not add up tor r because
in constructing (2) and (3) sf, which is not directly observable, was
proxied by the actual one-period-ahead spot exchange rateSource: J.
Frankel, \Quantifying International Capital Mobility in the 1980s, " in
D. Das, International Finance, Routledge, 1993, tables 2.5, 2.6, 2.8,
and 2.9.

decomposition of the real interest rate di erential for Germany, Switzerland,

France, and Mexico.

We next discuss in more detail the factors that introduce a welge be-
tween real and covered interest rate di erentials. We beginby analyzing
the second term on right-hand side of (6.3),f s®, which we will call ex-
change risk premium Then we will study the meaning of the third term,

s® s+ € € which is known as theexpected real depreciation
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6.2.3 Exchange Risk Premium ( f s°)

The exchange risk premium measures the percentage di eremcbetween the
forward and the expected future spot exchange rates. It depsds on the
degree of uncertainty about future exchange rates as well asn people's
attitudes towards risk. If there is no uncertainty about fut ure exchange
rates, then S® = F and the exchange risk premium is therefore zero. If
investors are risk neutral, then all people care about is expcted returns.
In particular, if S€ is, say, higher than F, then people would nd it ad-
vantageous to buy euros in the forward market, which yields a expected
prot of S® F > 0. Thus, agents would demand unbounded amounts of
forward euros, driving F up until it is equal to S€. Consequently, under
risk neutrality F = S€, or the exchange risk premium is zero. But typically
the exchange risk premium is not zero re ecting the fact that neither of the
two aforementioned assumptions hold. For example, columnZ) of table 6.4
shows an estimate of the average exchange rate risk premiunoif Germany,
Switzerland, France and Mexico over the period September 182 to January
1988 using monthly data. For all countries the exchange riskpremium is
positive and high, ranging from 4 percentage points for Switerland to 7.5

percentage points for France.

6.2.4 Expected Real Depreciation, s* s+ ¢ ¢

The third term on the right-hand side of (6.3) is related to expected changes
in the relative price of consumption baskets in the domestic(US) and the

foreign (German) country. The relative price of a German corsumption
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basket in terms of a US consumption basket is known as the reaxchange

rate. We will denote the real exchange rate bye. Formally, e is given by

e= ——; (6.4)

where P is the euro price of a German consumption basket and is the
dollar price of a US consumption basket. An increase ine means that
Germany becomes more expensive relative to the U.S.. In thigase, we
say that the U.S. dollar experiences areal depreciation because one needs
more U.S. consumption baskets to purchase one German baske§imilarly,
a decline ine is referred to as areal appreciation of the U.S. dollar. Letting

p and p denote the logs ofP and P , we have

Ine=s+p p

The expectation of the log of the real exchange rate next pedd is similarly
given by

Ine®*=s°+p°® p%

where the superscript® denotes expected value next period. It follows from

the above two expressions that

e

In e ©

Ine=(s® s)+(p°® p) (° p):

The left-hand side of this expression is the expected percésge depreciation

of the real exchange rate, which we will denote by % e®. The rst term
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on the right-hand side is the expected depreciation of the spt (or nom-
inal) exchange rate. The second and third terms represent, @spectively,
expected consumer price in ation in the foreign (German) ard the domestic
(US) economies, € and €. Thus, we can express the expected percentage
increase ine as

% e=s* s+ ¢ & (6.5)

Using (??) and (6.5) we can write the real interest rate di erential gi ven in
(6.3) as
ror =i i fd)+(f s%+% ¢€° (6.6)

This expression says that the real interest rate di erential can be decom-
posed into the country premium, the exchange risk premium, ad the ex-
pected depreciation of the real exchange rate. We use the folwing termi-

nology:
fi i fd > 0, we say that the country premium is positive.
If f s> 0, we say that the exchange risk premium is positive.

If % €°> 0, we say that the real exchange rate is expected to depre-

ciate.

As we mentioned earlier, the real exchange rateg SP =P, is the
relative price of a basket of consumption in the foreign coutry in terms of
a basket of consumption in the domestic country. Suppose thiathe baskets
of consumption in both countries contained only one good, sawheat, and

that the good is freely traded between the two countries. Thea the price



International Macroeconomics, Chapter 6 177

of wheat in the U.S., P, must equal the dollar price of buying wheat in
Germany, which is given by P , the price of wheat in German euros, times
S, the nominal exchange rate; that is,P = P S. Thus, in this case the real
exchange rate,g, is identically equal to 1 in every period. Whene =1, we
say that purchasing power parity (PPP) holds. Clearly, if PPP holds,
then the expected real depreciation, % €®, is equal to zero because the real
exchange rate is always expected to be equal to 1. In the 2-pied model we
have been studying thus far, there is only one good, which isréely traded
in world markets. Thus, in our model, PPP holds.

In reality, however, PPP does not hold. Column (3) of table 64 shows
that the German mark experienced a real appreciation of 6.3%per year
vis-a-vis the US dollar over the period September 1982 to Jamary 1988.
This means that a basket of consumption in Germany became mar ex-
pensive than a basket of consumption in the United States owethe period
considered. A similar pattern emerges for the other countrés included in
the table. In fact, for Germany and Switzerland, which had free capital
mobility in the period covered by the table, the expected red appreciation
explains the observed negative real interest rate di erental. This is because
for these two economies, the country premium is negligiblead the exchange
risk premium was positive.

But why does PPP not hold? An important reason is that the assump-
tion that all goods are freely traded across countries, whia we used to
construct the wheat example, is counterfactual. In the realworld there is a
large number of goods that are not traded internationally, such as haircuts,

housing, ground transportation, and so forth. We refer to these goods as
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nontradables Also, barriers to international trade, such as import tari s

and quotas, introduce a wedge between the domestic and foigi prices of
goods and services. We will explore the factors a ecting thedetermination
of the real exchange rate in more detail in the next chapter.

We conclude this section by reiterating that the real interest rate dif-
ferential, r r , is in general not a true measure of international capital
mobility. Capital mobility is better measured by deviation s from covered
interest rate parity (i i fd). In the 2-period model we studied in pre-
vious chapters, there is only one good in each period, whictsifreely traded
across countries and there is no exchange rate uncertainty.Thus, in our
model both the exchange risk premium and expected real depogation are
equal to zero. This means that our model represents a speciabse in which

real interest rate parity implies free capital mobility.



Chapter 7

Determinants of the Real

Exchange Rate

In the previous chapter, we saw that among industrialized caintries real
interest rate di erentials can be explained, to a large extet, by expected
changes in the real exchange rate. In this chapter, we studytte determinants

of the real exchange rate.

Figure 7.1 shows with a solid line the U.S. consumer price ineik and
with a broken line the U.K. consumer price index expressed inJ.S. dollars
over the period 1820-2001 using a log scale. The vertical derence between
the two lines is a measure of the dollar-pound real exchangeate. The
dollar-pound real exchange rate,e®® | is given by E$®pUK =pUS  where
E** is the dollar-pound nominal exchange rate (i.e., the dollarprice of one
pound), PUK s the price level in the U.K., and PYS is the price level in the

U.S. Thus, €** is the relative price of a consumption basket in the U.K. in

179
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Figure 7.1: Dollar-Sterling PPP Over Two Centuries
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Note: The gure shows U.S. and U.K. consumer price indices gxressed
in U.S. dollar terms over the period 1820-2001 using a log st@awith

a base of 1900=0. Source: Alan M. Taylor and Mark P. Taylor, \T he
Purchasing Power Parity Debate,” Journal of Economic Perspectives
18, Fall 2004, 135-158.

terms of consumption baskets in the United States. The gureshows that
the real exchange rate varied a lot from year to year and that novements in
the real exchange rate were highly persistent. This means @t PPP (i.e.,

PUS = E$%pUK) does not hold period by period. However, the gure also
shows that over the long runPYS and E** PYK move in tandem. This fact
suggests that PPP is a useful approximation to actual real egkhange rate

behavior over long horizons.
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If PPP holds over the long run, then it must be the case that, onaverage,

% P % P =% E; (7.1)

where % E, % P,and % P denote, respectively, the percentage change
in the nominal exchange rate (or rate of nominal exchange rat depreciation),
the percentage change in the domestic price level (or the ra of domestic
in ation), and the percentage change in the foreign price level (or the rate

of foreign in ation).

Figure 7.2 shows a scatterplot of average in ation di erentials relative
to the U.S. against rates of dollar exchange rate depreciatin between 1970
and 1998 for 20 developed countries and 26 developing couigs. Equation
(7.1) states that if PPP holds over the long run, then the points on the
scatterplot should lie on a line with slope equal to 1 and an itercept of zero.
The gure shows that this relation is quite accurate for both high- and low-
in ation countries: countries with high average exchange ate depreciations
were countries that experienced high average in ation-rat di erentials visa-
vis the United States, and countries whose currency did not épreciate much

visa-vis the U.S. dollar tended to have low average in ation di erentials.

In the two-period model we developed in chapters 2 and 3, ther is a
single traded good. Thus, under the maintained assumption bfree interna-
tional trade, purchasing power parity obtained, thatis, e= EP =P =1. As
we have just seen, this prediction or our model obtains in thelong run but
not in the medium to short runs. Why does our model fail to predict short-

to medium-run deviations from PPP? One reason is that in reaity, contrary
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Figure 7.2: Consumer Price In ation Relative to the U.S. Versus Dollar
Exchange Rate Depreciation, 29-Year Average, 1970-1998

10 1

|
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Note: The gure shows countries' cummulative in ation rate di eren-
tials against the United States in percent (vertical axis) plotted against
their cumulative depreciation rates against the U.S. dolla in percent
(horizontal axis). The sample includes data from 20 industialized
countries and 26 developing countries. Source: Alan M. Tayr and
Mark P. Taylor, \The Purchasing Power Parity Debate,” Journal of
Economic Perspectives18, Fall 2004, 135-158.

to what is assumed in the model, not all goods are tradable. Eamples of
nontraded goods are services, such as haircuts, restaurameals, housing,
health, and education. For these goods transport costs arecslarge relative
to the production cost that they can never be traded internationally at a
prot. Such goods and services are called nontradables. Inaneral, non-
tradables make up a signi cant share of a country's output, typically above
50 percent. The existence of nontradables allows for systeatic violations

of PPP. The price index P is an average of all prices in the economy. Thus,



International Macroeconomics, Chapter 7 183

it depends on both the prices of nontradables and the prices faradables.
But the prices of nontradables are determined entirely by danestic factors,

so one should not expect the law of one price to hold for this tpe of goods.

Other things equal, a rise in the price of nontradables in thedomestic
economy can increase a country's aggregate price level reilee to the foreign
price level. To see this, letPt and Py denote the domestic prices of tradables
and nontradables, respectively, and letP; and Py, denote the corresponding

foreign prices. For traded goods the law of one price shoulddid, that is,

Pr = EPr;

but for nontraded goods it need not

PN 6 EPN :

Suppose the price levelP, is constructed as follows:

P = (Pr;Pn)

where s increasing inPt and Py and homogeneous of degree odeThe
price level P is an average of individual prices. The assumption that ( ;)
is homogeneous of degree one ensures that, if all individuglrices increase

by, say, 5%, thenP also increases by 5%. Given the way in which the price

LA function f (x;y) is homogenous of degree one if (x;y)= f (x=;y= ).
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level is constructed, the real exchange ratee, can be expressed as

o - EP
P

E (Pr:Py)
(Pt;Pn)

EP; (1; PN:PT)
Pr (1, Pn=Py)
(1; I:>|\|:PT).
(1;Pn=Pr)

(7.2)

So the real exchange rate should depend on the ratio of nontded to traded
prices in both countries. The real exchange rate is greaterhan one (or
the price of the foreign consumption basket is higher than tte price of the
domestic consumption basket) if the relative price of nontiadables in terms

of tradables is higher in the foreign country than domesticdly. Formally,

.. P P
> S > SN
e>1if g > g

It is straightforward to see from this inequality that e can increase over time
if the price ratio on the left-hand side increases over time mre than the one

on the right hand side.

When considering a particular country pair, it is useful to de ne a bhi-
lateral real exchange rate. For example, the dollar-yen releexchange rate is

given by

U = E$=UpJapan  price of Japanese goods basket
~ PUST " Price of US goods basket

Supposee®™ increases, then the price of the Japanese goods basket in tes
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of the U.S. goods basket increases. In this case, we say thatd dollar real
exchange rate visa-vis the yen depreciated, because it tees now more U.S.
goods baskets to purchase one Japanese goods basket.

At this point, a word of caution about semantics is in order. Economists
use the term real exchange rate loosely. The term real exchge rate is
sometimes used to refer t&eP =P and sometimes to refer simply toPt =Py .
A real exchange rate appreciation means that eitherEP =P falls or that
Pr=Py falls, depending on the concept of real exchange rate beingsad.
Similarly, a real exchange rate depreciation means that elher EP =P goes
up or that Pr=Py goes up.

Next we turn to an analysis of the determinants of real exchage rates.
We begin by studying a theory that explains medium-run variations in bilat-
eral real exchange rates. What do we mean by medium run in thizontext?
Take another look at gure 7.1. The gure shows that over a period of
180 years prices in the United States and the United Kingdom epressed in
the same currency changed by about the same magnitude. Howex, they
deviated signi cantly on a period-by-period basis. and, mae importantly,
these deviations were fairly persistent. For instance, duing the 1980s the
U.S. price level grew faster than the U.K. counterpart measued in the same
currency. That is, a representative basket of goods becameelatively more
expensive in the United States than in the United Kingdom, or the dollar-
pound exchange rate experienced a prolonged real appreciah. The theory
that follows explains these medium-term deviations in PPP & resulting from
di erences across countries in the productivity of the tradable sector relative

to the productivity of the nontradable sector.
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7.1 Productivity Di erentials and Real Exchange

Rates: The Balassa-Samuelson Model

According to the Balassa-Samuelson model deviations from PP are due
to cross-country di erentials in the productivity of techn ology to produce
traded and nontraded goods. In this section, we study a sim@ model that
captures the Balassa-Samuelson result.

Suppose a country produces 2 kinds of goods, traded good®y, and
nontraded goods,Qy . Both goods are produced with a linear production
technology that takes labor as the only factor input. Howeve, labor produc-
tivity varies across sectors. Speci cally, assume that ouput in the traded

and nontraded sectors are, respectively, given by

Qr = arlr (7.3)

and

On = anln; (7.4)

where Lt and Ly denote labor input in the traded and nontraded sectors.
Labor productivity is de ned as output per unit of labor. Giv en the linear
production technologies, we have that labor productivity in the traded sector

is ar and in the nontraded sector isay .2

2There are two concepts of labor productivity: average and marginal labor produc-
tivity. Average labor productivity is de ned as output per w orker, Q=L. Marginal labor
productivity is de ned as the increase in output resulting f rom a unit increase in labor
input, holding constant all other inputs. More formally, ma rginal labor productivity is
given by the partial derivative of output with respect to lab or, @Q=@.L For the linear
technologies given in (7.3) and (7.4), average and marginal labor productivities are the
same.
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In the traded sector, a rm's prot is given by the di erence b etween
revenues from sales of traded good$Pt Q, and total cost of production,

wL T, where w denotes the wage rate per worker. That is,

pro ts in the traded sector= PrQt wLt:

Similarly, in the nontraded sector we have

pro ts in the nontraded sector = PyQn WLy

We assume that there is perfect competition in both sectors ad that there
are no restrictions on entry of new rms. This means that as Ing as pro ts
are positive new rms will have incentives to enter, driving prices down.
Therefore, in equilibrium, prices and wages must be such thapro ts are

zero in both sectors,

PrQr = wlLt

and

PNQN = WLNZ

Using the production functions (7.3) and (7.4) to eliminate Q1 and Qy from

the above two expressions, the zero-pro t conditions imply

PT ar =

[
=

and

Pnan =

|
2
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Combining these two expressions to eliminatev yields

PT an
—_— = — 7.5
PN ar ( )

This expression says that the relative price of traded to notraded goods is
equal to the ratio of labor productivity in the nontraded sector to that in the
traded sector. To understand the intuition behind this condition suppose
that ay is greater thanar. This means that one unit of labor produces more
units of nontraded goods than of traded goods. Therefore, prducing 1 unit
of nontraded goods costs less than producing 1 unit of tradedoods, and as a
result nontraded goods should be cheaper than traded good$f =Pr < 1).
According to equation (7.5), a period in which labor productivity in the
nontraded sector is growing faster than labor productivity in the traded
sector will be associated with real exchange rate depreciain (i.e., with

Pt =Py rising).

Is the implication of the Balassa-Samuelson model that the elative price
of nontradable goods in terms of tradable goods is increasinin the produc-
tivity di erential between the traded and nontraded sector s borne out in
the data? Figure 7.3 plots the averages of the annual perceagje change
in Py =Py (vertical axis) against the average annual percentage chage in
at=ay (horizontal axis) over the period 1970-1985 for 14 OECD coutires.
According to the Balassa-Samuelson model, all observatianshould line up
on the 45-degree line. This is not quite the case. Yet, the da indicate a
strong positive relation between di erence in total factor productivity and

changes in relative prices.
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Figure 7.3: Di erential Factor Productivity Growth and Cha nges in the
Relative Price of Nontradables

a\gerage annual change in Py / Py

3.5 - JPN

3.0 —

2.5

05 l | |
0 1 2 3 4
Difference in total factor productivity growth

Note: The gure plots the average annual percentage changeithe rel-
ative price of nontradables in terms of tradables (vertical axis) against
the average annual growth in total factor productivity di e rential be-
tween the traded sector and the nontraded sectors (horizordl axis)
over the period 1970-1985 for 14 OECD countries. Source: &®e
Gregorio, Alberto Giovannini, and Holger C. Wolf, \Interna tional Ev-
idence on Tradable and Nontradable In ation," European Economic
Review 38, June 1994, 1225-1244.
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In the foreign country, the relative price of tradables in terms of non-

tradables is determined in a similar fashion, that is,

Pr
Py

Q

ﬁ; (7.6)

where P; =Py, denotes the relative price of tradables in terms of nontrad-
ables in the foreign country, anda; and a, denote the labor productivities
in the foreign country's traded and nontraded sectors, respctively. To ob-
tain the equilibrium bilateral real exchange rate, e = EP =P, combine
equations (7.2), (7.5) and (7.6):

(1;ar=ay)

= “Lar=ay) 7.

This equation captures the main result of the Balassa-Samuson model,
namely, that deviations from PPP (i.e., variations in €) are due to di erences
in relative productivity growth rates across countries. In particular, if in the

domestic country the relative productivity of the traded sector, ar=ay, is
growing faster than in the foreign country, then the real exdange rate will
appreciate over time (e will fall over time), this is becausein the home
country nontradables are becoming relatively more expense to produce
than in the foreign country, forcing the relative price of nontradables in the

domestic country to grow at a faster rate than in the foreign wuntry.

The relative price of traded goods in terms of nontraded goosd, Pr=Py,
can be related to the slope of the production possibility fratier as follows.

Let L denote the aggregate labor supply, which we will assume to beed.



International Macroeconomics, Chapter 7 191

Then the resource constraint in the labor market is
L=Ln+LT

Use equations (7.3) and (7.4) to eliminateLy and Lt from this expression
toget L = Qny=any + Qr=ar. Now solve for Qy to obtain the following

production possibility frontier (PPF)
a
Qv = anL ==Qr
ar
Figure 7.4 plots the production possibility frontier. The slope of the PPF is

Figure 7.4: The production possibility frontier (PPF): the case of linear
technology

Y

- slope=-a N/aT:-P T/PN

arL Q,

dOn _  an

dQr ar

Combining this last expression with equation (7.5), it follows that the slope
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of the PPF is equal to Pr=Py.

7.1.1 Application: The Real Exchange Rate and Labor Pro-
ductivity: 1970-1993

Figure 7.5, reproduced from a quantitative study of productivity and ex-
change rates by Matthew B. Canzoneri, Robert E. Cumby, and Bézad
Diba of Georgetown University,®> plots bilateral real exchange rates and
the ratio of labor productivity in the traded and the nontrad ed goods sec-
tors for four OECD country pairs. For instance, the top left panel plots
g$=DM E $=DM p Germany =pUS, a_LI_JS:aNUS, and agermany — Germany . where
DM stands for German mark. As Canzoneri, Cumby, and Diba obserg,
the gure suggests that the Balassa-Samuelson model has nixl success at
explaining real-exchange-rate movements over the period 70-1993. The
Balassa-Samuelson model does a fairly good job at explairgnthe DM/Lira
and the DM/Yen real exchange rates. Between the late 1970s ahthe early
1990s, both Italy and Japan experienced faster productiviy growth in the
traded sector relative to the nontraded sector than did Germany. At the
same time, as predicted by the Balassa-Samuelson both thedtian lira and
the Japanese yen appreciated in real terms visa-vis the Genan mark. On
the other hand, in the case of the United States, movements irthe real ex-
change rate seem to be less correlated with changes in relaé productivity
growth. In the case of the Dollar/DM real exchange rate the olserved real

appreciation of the dollar in the mid 1980s was not accompargd by a cor-

3Canzoneri, Robert E. Cumby, and Behzad Diba, \Relative Labo r Productivity and
the Real Exchange Rate in the Long Run: Evidence for a Panel of OECD Countries,"
Journal of International Economics 47, 1999, 245-266.
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Figure 7.5. The Real Exchange Rate and Labor Productivity in selected
OECD Countries: 1970-1993

Source: Matthew B. Canzoneri, Robert E. Cumby, and Behzad
Diba, \Relative Labor Productivity and the Real Exchange Rate
in the Long Run: Evidence for a Panel of OECD Countries,"
Journal of International Economics 47, 1999, 245-266.
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responding increase in relative productivity di erential s in favor of the U.S.
traded sector. In the case of the Dollar/Yen exchange rate, he appreciation
in the yen in real terms was, as predicted by the Balassa-Sanalson model,
associated with an increase in relative labor productivityin the traded sector
in Japan. However, the observed changes in relative labor pductivity were

too small to explain the extent of the real appreciation of the yen against

the dollar.

7.1.2 Application: Deviations from PPP observed between

rich and poor countries

Table 7.1 shows the bilateral real exchange rate for a humbeof countries

Table 7.1: The real exchange rate of rich and poor countries2005

Real
Country Exchange

Rate
Ethiopia 5.4
Bangladesh 5.0
India 4.7
Pakistan 3.4
Unites States 1.0
Germany 0.9
Sweden 0.8
Switzerland 0.6
Japan 0.9

Source: World Economic Outlook Database, IMF, April 2006.

visa-vis the United States. Countries are divided into two groups, poor

countries and rich countries. The real exchange rate for a gen country,
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say India, visa-vis the United States, e"UP¢e=$ js given by E "uPee=$pUS—pl
where E™Pee=$ is the rupee/dollar nominal exchange rate de ned as the
price of one dollar in terms of rupee,PYS is the price level in the U.S., and
P! is the price level in India. The table shows that the real exclange rate
in poor countries, e’°°"=YS s typically greater than that in rich countries,

gich=US For example, the Bangladesh/U.S. real exchange rate in 2@was
5.0, but Switzerland's real exchange rate visa-vis the ddlar was only 0.6.
This means that in 2005 a basket of goods in Switzerland was aut 8

(=5.0/0.6) times as expensive as in Bangladesh.
How can we explain this empirical regularity? Note that

E poor=US P us

P poor _
gich=US ~ Erich-US pUS ~ Erich=US ppoor P poor
prich

epoor:U S E poor=U SP rich E poor=rich P rich

— epoor:rich

Using equation (7.2),e?°°"="ich can pe expressed as

(1; P|{|ich :P_Ir_ich )

gpoor=rich
(1; PNpoor:P_Poor)

Finally, using the Balassa-Samuelson model, to replace pe ratios with

relative labor productivities (equation (7.6)), we get

. arich — rich
epoor:rich — (LarllC _air\llc )
= (1’ a_rlj_oor:aﬁloor)
Productivity di erentials between poor and rich countries are most extreme
in the traded good sector, implying that afh =gfi" > aP*'=al°*". So the
observed relative productivity di erentials can explain w hy the real exchange

rate is relatively high in poor countries.
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The Balassa-Samuelson framework is most appropriate to stily long-run
deviations from PPP because productivity di erentials change slowly over
time. However, we also observe a great deal of variation in & exchange
rates in the short run. The next sections and the following ctapter study

sources of short-run deviations from PPP.

7.2 Trade Barriers and Real Exchange Rates

In the previous section, deviations from PPP occur due to thepresence of
nontradables. In this section, we investigate deviations fom the law of one
price that may arise even when all goods are traded. Speci dy, we study

deviations from the law of one price that arise because govaments impose
trade barriers, such as import tari s, export subsidies, and quotas, that

arti cially distort relative prices across countries.

Consider an economy with 2 types of traded goods, importable and
exportables. Let the world price of importables beP,, , and the world price
of exportables bePy . Assume for simplicity that there are no nontradable
goods. In the absence of trade barriers, PPP must hold for bdt goods, that

is, the domestic prices of exportables and importables musbe given by
Px = EPy

and

Pv = EPy;

whereE denotes the nominal exchange rate de ned as the domestic ctency
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price of one unit of foreign currency. The domestic price legl, P, is an

average ofPyx and Py . Speci cally, assume that P is given by
P= (Px;Pwm);

where ( ;) is an increasing and homogeneous-of-degree-one functiorA

similar relation holds in the foreign country
P = (Px;Pw)

The bilateral real exchange rate,e = EP =P, can then be written as

:E (PX;PM): (EPX;EPM): (PX;PM):
(Px;Pwm) (Px;Pwm) (Px;Pwm)

1;

where the second equality uses the fact that is homogeneous of degree one

and the third equality uses the fact that PPP holds for both goods.

Consider now the consequences of imposing a tari > 0 on imports in
the home country. The domestic price of the import good therdore increases

by a factor of , that is,
Pu =1+ )EPy:
The domestic price of exportables is una ected by the importtari. Then

the real exchange rate becomes

oo E(PxiPy) | (EPGER,)
(Px;Pwm) (EPy;(1+ )EPy)
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where the inequality follows from the fact that (; ) is increasing in both

arguments and that 1+ > 1. This expression shows that the imposition of
import tari s leads to an appreciation of the real exchange rate as it makes
the domestic consumption basket more expensive. Thereforeone source
of deviations from PPP is the existence of trade barriers. Oe should ex-
pect that a trade liberalization that eliminates this type o f trade distortions

should induce an increase in the relative price of exports @r imports goods

so e should rise (i.e., the real exchange rate should deprecia}e

“How would the imposition of an export subsidy a ect the real e xchange rate?



Chapter 8

Changes in Aggregate
Spending and the Real

Exchange Rate

In the Balassa-Samuelson model studied in section 7.1, therpduction pos-
sibility frontier (PPF) is a straight line, which means that the slope of the
PPF is the same regardless of the level of production of tradales and non-
tradables. Because in equilibrium the relative price of tradables in terms
of nontradables equals the slope of the PPF, it follows that h the Balassa-
Samuelson model the real exchange rate is independent of tHevel of pro-
duction of tradables and nontradables. In this section, we\ill study a more
realistic version of the model, known as the TNT model, in whch the PPF
is a concave function. As a result of this modi cation, the slope of the PPF,

and therefore also the relative pricePt =Py, depend on the composition of

199



200 S. Schmitt-Grole and M. Uribe

output (i.e., on the amount of tradable goods and nontradabk goods pro-
duced in the economy). In turn, the composition of output is determined in
part by the desired level of aggregate spending.

The TNT model has three building blocks: The production possibility
frontier, which describes the production side of the economy; théncome
expansion path which summarizes the aggregate demand for goods; arid-
ternational borrowing and lending, which allows agents to shift consumption
across time. In the Balassa-Samuelson model neither the seud nor the
third building blocks are needed for the determination of the real exchange

rate because in that model the PPF alone determines the reaba&hange rate.

8.1 The production possibility frontier

Consider an economy that produces traded and nontraded goadwith labor

as the only factor input. Speci cally, the production funct ions are given by

Qr = Fr(Ly) (8.1)

and

Qn = Fn(Ln); (8.2)

where Qr and Qn denote output of traded and nontraded goods, respec-
tively, and Lt and Ly denote labor input in the traded and nontraded
sectors. The production functions Ft() and Fy () are assumed to be in-
creasing and concave, that is,F® > 0, FQ > 0, F¥< 0, and F{°< 0.

The assumption that the production functions are concave mans that the
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marginal productivity of labor is decreasing in the amount of labor input

usedl
The total supply of labor in the economy is assumed to be equalo L,
which is a positive constant. Therefore, the allocation of &bor across sectors

must satisfy the following resource constraint:

Lt+ Ly = L: (8.3)

The two production functions along with this resource constaint can be
combined into a single equation relatingQyn to Qrt. This relation is the
production possibility frontier of the economy and is shownin gure 8.1.

Consider the following example:

Figure 8.1: The production possibility frontier (PPF): the case of decreasing
marginal productivity of labor

A
Q

B¢

A¢

Ac

\J

Qr

LCompare these production functions to those of the Balassa-Samuelson model. In the
Balassa-Samuelson model, the production functions areFr(Lt) = arLt and Fn(Ln) =
an Ln. Thus, in that model FY = ar > 0 and F] = ay > 0, which means that the

marginal product of labor is constant in both sectors, or, eq uivalently, that F2°= F3°=0.
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p
Qr= Lt

and

QOn = Ln:

Solve both production functions for labor to obtain Lt = Q% and Ly =
Qn . Use these two expressions to eliminatét and Ly from the resource

constraint Lt + Ly = L to obtain the PPF

Qv =L Qf:

This expression describes a negative and concave relatidrip between Qt

and Qu like the one depicted in gure 8.1.

More generally, the fact that the production functions given in (8.1)
and (8.2) display decreasing marginal productivity of laba implies that
the PPF is concave toward the origin. The slope of the PPF,dQn=dQr,
indicates the number of units of nontraded output that must be given up to
produce an additional unit of traded output. That is, the slo pe of the PPF
represents the cost of producing an additional unit of tradéles in terms of
nontradables. AsQrt increases, the PPF becomes steeper, which means that
as Qr increases, it is necessary to sacri ce more units of nontragd output
to increase traded output by one unit. The slope of the PPF is dven by the

ratio of the marginal products of labor in the two sectors, that is,

dOn _  FR(Ln)
dQr FR(LT)

(8.4)
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This expression makes it clear that the reason why the PPF beames steeper
as Qr increases is that asQr increases so doett and thus the marginal

productivity of labor in the traded sector, F?(LT) becomes smaller, while the
marginal productivity of labor in the nontraded sector, Fﬁ (Ln), increases

asQy and Ly decline.

The slope of the PPF can be derived as follows. Di erentiate he resource
constraint (8.3) to get

dLt + dLy =0

or

This expression says that, because the total amount of labois xed, any
increase in labor input in the traded sector must be o set by a one-for-
one reduction of labor input in the nontraded sector. Now di erentiate the

production functions (8.1) and (8.2)

dQr FR(Lr)dLt

dQn

F3(Ln)dLy

Taking the ratio of these two equations and using the fact tha dLy=dLt =

1 yields equation (8.4).

The slope of the PPF indicates how many units of nontradablest costs
to produce one additional unit of tradables. In turn, the relative price of
tradables in terms of nontradables, Pt=Py, measures the relative revenue

of selling one unit of traded good in terms of nontraded goods Pro t-
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maximizing rms will choose a production mix such that the relative revenue
of selling an additional unit of tradables in terms of nontradables equals
the relative cost of tradables in terms of nontradables. Tha is, rms will
produce at a point at which the slope of the PPF equals (minus)the relative
price of tradables in terms of nontradables:

FQ(Ln) _ Pr

FOLr) Py (6:9)

Suppose that the real exchange ratePr=Py is given by minus the slope
of the line APA% which is P2=Pg in gure 8.1. Then rms will choose to
produce at point A, where the slope of the PPF is equal to the slope of
AL Consider now the e ect of a real exchange rate appreciationthat is,
a decline in Pr=Py.? The new relative price is represented by the slope of
the line BBY which is atter than ACPC° In response to the decline in the
relative price of tradables in terms of nontradables, rms choose to produce
less tradables and more nontradables. Speci cally, the newproduction mix

is given by point B, located northwest of point A.

The optimality condition (8.5) can be derived more formally as follows.
Consider the problem faced by a rm in the traded sector. Its prots are
given by revenues from sales of tradablesPtFt(Lt), minus the cost of

production, wLt, wherew denotes the wage rate, that is,

pro ts in the traded sector= PrFt(Lt) wLt

2Note that here we use the term "real exchange rate" to refer to the relative price of
tradables in terms of nontradables, Pt =Py .
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The rm will choose an amount of labor input that maximizes it s pro ts.
That is, it will choose Lt such that

PrF(Lt) w=0:

This rst-order condition is obtained by taking the derivat ive of pro ts with
respect to Lt and setting it equal to zero. The rst-order condition says
that the rm will equate the value of the marginal product of | abor to
the marginal cost of labor, w. A similar relation arises from the pro t-

maximizing behavior of rms in the nontraded sector:
PvFO(Ln) w=0
Combining the above two rst-order conditions to eliminate w yields equa-

tion (8.5).

8.2 The income expansion path

Consider now the household's demand for tradable and nontrdable con-
sumption. In each period, households derive utility from caisumption of
traded and nontraded goods. In particular, their preferenes are described

by the following single-period utility function
U(CT;CN) (86)

where U( ; ) is increasing in both arguments. Figure 8.2 shows the indi
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Figure 8.2: The household's problem in the TNT model

U3

Cy

ference curves implied by the utility function given in equation (8.6). The
indi erence curves are as usual downward sloping and convetoward the ori-
gin re ecting the fact that households like both goods and that the marginal
rate of substitution of tradables for nontradables (the slgpe of the indi er-
ence curves) is decreasing ilCy. Also, because more is preferred to less,
the level of utility increases as one moves northeast in thegace Ct; Cn).
Thus, for example, in gure 8.2 the level of utility is higher on the indi er-

ence curveU? than on the indi erence curve UL,

Suppose the household has decided to spend the amouyiton consump-
tion. How will the household allocate Y to purchases of each of the two

goods? The household's budget constraint is given by

PTCT + PN CN =Y: (87)

This constraint says that total expenditures on traded and nontraded con-



International Macroeconomics, Chapter 8 207

sumption purchases must equal the amount the household chesto spend
on consumption this period, Y. In gure 8.2 the budget constraint is given
by the straight line connecting points A and B. If the household chooses
to consume no nontraded goods, then it can consum¥ =P units of traded
goods (point A in the gure). On the other hand, if the household chooses to
consume no traded goods, it can consum& =Ry units of nontraded goods
(point B in the gure). The slope of the budget constraint is given by

PT :PN .

The household choose€t and Cy so as to maximize its utility function
(8.6) subject to its budget constraint (8.7). The maximum attainable level
of utility is reached by consuming a basket of goods on an indérence curve
that is tangent to the budget constraint, point C in the gure . At point C,
the slope of the indi erence curve equals the slope of the buget constraint.
To derive this result algebraically, solve (8.7) for Cy and use the resulting
expression,Cy = Y=Ry P71=PyCr, to eliminate Cy from (8.6). Then the

household's problem reduces to choosinGt so as to maximize

The rst-order condition of this problem is obtained by taki ng the derivative

with respect to Ct and equating it to zero:

Y P P Y P
Ur CT;W #CT #UN CT;W #CT =0

where Ut (; ) and Uy ( ; ) denote the partial derivatives of the utility func-
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tion with respect to its rst and second argument, respectively (or the
marginal utilities of consumption of tradables and nontradables). Rear-

ranging terms and using the fact that Y=Ry P7y=PyCt = Cy YVields:

Ur(Cr;Cn) _ Pr

Un(Cr;Cn)  Pn ©9

The left hand side of this expressions is (minus) the slope dhe indi erence
curve (also known as the marginal rate of substitution betwen traded and
nontraded goods). The right hand side is (minus) the slope othe budget
constraint.
Consider the household's optimal consumption choice for derent levels
of income. Figure 8.3 shows the household's budget constri for three
Figure 8.3: The income expansion path

C

A

di erent levels of income, Y1, Yz, and Y3, where Y; < Y, < Y3. As income
increases, the budget constraint shifts to the right in a paallel fashion. It

shifts to the right because given for any given level of consmption of one
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of the goods, an increase in income allows the household to meume more
of the other good. The shift is parallel because the relativeprice between
tradables and nontradables is assumed to be unchanged (reltthat the slope
of the budget constraint is Pt=Py). We will assume that both goods are
normal, that is, that in response to an increase in income, haseholds choose
to increase consumption of both goods. This assumption imfés that the
optimal consumption basket associated with the income leveY, (point B
in the gure) contains more units of both tradable and nontra dable goods
than the consumption bundle associated with the lower incone Y; (point
A in the gure), that is, point B is located northeast of point A. Similarly,
consumption of both traded and nontraded goods is higher whe income is
equal to Y3 (point C in the gure) than when income is equal to Y,. The
income expansion path(IEP) is the locus of optimal consumption baskets
corresponding to di erent levels of income, holding constat the relative
price of traded and nontraded goods. Clearly, points A, B, amnl C must lie

on the same income expansion path given by the lin©D in gure 8.3.

Income expansion paths have four important characteristis: First, if
both goods are normal, then income expansion paths are upwedrsloping.
Second, income expansion paths must begin at the origin. Tlsiis because if
income is nil, then consumption of both goods must be zero. Tind, at the
point of intersection with a given IEP, all indi erence curv es have the same
slope. This is because each IEP is constructed for a given aive price
Pr=Pn, and because at the optimal consumption allocation, the slpe of
the indi erence curve must be equal to the relative price of the two goods.

Fourth, an increase in the relative price of traded in terms d nontraded
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goods,Pt=Py, produces a counterclockwise rotation of the IEP.

The intuition behind this last characteristic is that if the relative price of
tradables in terms of nontradables goes up, households camse relatively

less tradables and more nontradables. Figure 8.4 shows twm¢ome expan-

Figure 8.4: The income expansion path and a depreciation oftte real ex-
change rate

CN
A

D¢

sion paths, OD and OD® The relative price underlying OD is lower than
the relative price underlying OD® To see this, consider the slope of any
indi erence curve as it intersects each of the two IEPs. Takefor example
the indi erence curve Ut in gure 8.4. At the point of intersection with OD
(point A in the gure), U?is atter than at the point of intersection with
oD®° (point B). Because at point A the slope of Ul is equal to the relative
price underlying OD, and at point B the slope of U is equal to the relative
price underlying OD? it follows that the relative price associated with OD°

is higher than the relative price associated withOD.
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8.3 Partial equilibrium

We can now put together the rst two building blocks of the model, the
production possibility frontier and the income expansion path, to analyze
the determination of production, consumption and the real exchange rate

given the trade balance. Figure 8.5 illustrates a partial eqilibrium. Suppose

Figure 8.5: Partial Equilibrium

- A
QN’CN

that in equilibrium production takes place at point A on the P PF. The
equilibrium real exchange rate, Py =Py, is given by the slope of the PPF
at point A. Suppose that the IEP corresponding to the equilibrium real
exchange rate is the lineOD. By de nition, nontraded goods cannot be
imported or exported. Therefore, market clearing in the nortraded sector

requires that production equals consumption, that is,

Cn = Qn (8.9)
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Given consumption of nontradables, the IEP determines unigely the level
of consumption of tradables (point B in the gure). Because ar model
does not feature investment in physical capital or governmat purchases,
the trade balance is simply given by the di erence between poduction and

consumption of tradables,

TB = QT CT (810)

In the gure, the trade balance is given by the horizontal distance between
points A and B. Because in the gure consumption of tradables exceeds
production, the country is running a trade balance de cit.

Consider now the e ect of a depreciation of the real exchangeate, that

is, an increase inPt=Py . Figure 8.6 illustrates this situation. The economy

Figure 8.6: Partial equilibrium: a real exchange rate depreiation

Cw

QN:CN

is initially producing at point A and consuming at point B. Be cause in

equilibrium the slope of the PPF must equal the real exchangerate, the
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depreciation of the real exchange rate induces a change in ¢hproduction
mix to a point like D, where the PPF is steeper than at point A. T his
shift in the composition of production has a clear intuition: as the price of
tradables goes up relative to that of nontradables, rms nd it pro table to

expand production of traded goods at the expense of nontradkgoods. On
the demand side of the economy, the real exchange rate depiation causes
a counterclockwise rotation in the income expansion path fom OC to OC'.

Having determined the new production position and the new IEP, we can
easily determine the new equilibrium consumption basket (pint E in the

gure) and trade balance (the horizontal distance between wints D and E).

Summing up, in response to the real exchange rate depreciam, the
economy produces more tradables and less nontradables, amdnsumes less
tradables as well as nontradables. As a result of the expansi in the pro-
duction of tradables and the contraction in consumption of tradables, the
economy ends up generating a smaller trade balance de cit.n fact, in the
case shown in gure 8.6 the trade balance becomes positive. igure 8.7
depicts the relationship between trade de cits, the real exchange rate, con-
sumption, and production.

The TNT model can help understand the e ects of external sho&s that
force countries to sharply adjust their current accounts. An example of this
type of shock is the Debt Crisis of Developing Countries of tle early 1980s,
which we will discuss in more detail in chapter 9. In 1982, aderse conditions
in international nancial markets caused credit to dry up fo r highly indebted
countries, particularly in Latin America. As a consequence debtor coun-

tries, which until that moment were running large current account de cits,



214 S. Schmitt-Grole and M. Uribe

Figure 8.7: Partial equilibrium: endogenous variables asunctions of the
trade de cit

PPy Cyr Qu
0 B 0 B

Cr Qr
0 B 0 B

were all of the sudden forced to generate large trade balancsurpluses in
order to be able to service their debts. As predicted by the TNI model, the
required external adjustment produced sharp real exchangeate deprecia-
tions, large contractions in aggregate spending, and costlreallocations of
production away from the nontraded sector and toward the traded sector.
Table 8.1 illustrates the e ect of the Debt Crisis on Chile's trade balance
and real exchange rate. In terms of the TNT model, the intuition behind
the e ect of the Debt Crisis on the a ected developing countries is clear. In

response to the shutdown of external credit, countries neestl to generate
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Table 8.1: Chile, trade balance and real exchange rate depc@tion, 1979-
1985

e 1B

GDP

Year | % %
1979 -1.7
1980 -2.8
1981 -8.2

1982|206 0.3
1983|275 5.0
1984| 5.1 1.9
1985| 32.6 5.3

trade balance surpluses to pay interest and principal on exdting foreign debt.
In order to generate a trade balance surplus, aggregate spdimg must de-
cline. Given the relative price of tradables in terms of nonradables,Pt =Py,
households will cut consumption of both traded and nontradel goods. At
the same time, given the relative price of tradables in termsof nontradables,
production of nontradables should be unchanged. This meanthat an ex-
cess supply of nontradables would emerge. The only way thathe market
for nontradables can clear is if the relative price of nontralables falls|that
is, if the real exchange rate depreciates|inducing rms to p roduce less non-

tradables and households to consume more nontradables.

The tools developed thus far allow us to determine all varialkes of interest
given the trade de cit, but do not tell us how the trade de cit itself is de-
termined. Another way of putting this is that our model has more variables
than equations. The equilibrium conditions of our model are equations
(8.1), (8.2), and (8.3) describing the PPF, equation (8.5),which ensures that

the real exchange rate equals the slope of the PPF, equatior8(8) describing
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the IEP, equation (8.9), which guarantees market clearing ih the nontraded
sector, and equation (8.10), which de nes the trade balance These are 7
equations in 8 unknowns: Qy, Qt, Ln, L1, Cn, Cr, TB, and Py=Py. To
\close" the model, we need a theory to determinel B. More speci cally, we
need a theory that explains households' consumption decisins over time. In
the next section, we merge thestatic partial equilibrium model developed in
this section with the intertemporal approach to the current account studied

in earlier chapters to obtain a dynamic general equilibrium model.

8.4 General equilibrium

To determine the equilibrium level of the trade balance, we ntroduce an
intertemporal dimension to the TNT model. Assume that households live for
two periods and have preferences described by the followinigtertemporal
utility function

U(Cr1,Cn1) + U (Cr2Cna2);

where Ct1 and Cy 1 denote, respectively, consumption of tradables and non-
tradables in period 1, andCy, and Cy » denote the corresponding variables
in period 2. The function U( ; ) is the single period utility function given
in (8.6), and 0 < < 1 is a constant parameter, called subjective discount
factor, which determines the value households assign to futre utility.

In the previous section, we deduced that, all other things castant, in
equilibrium both Ct and Cy are increasing functions of the trade de cit,

TB (see gure 8.7). Thus, we can de ne anindirect utility function

O( TB) U(Ct;Cn) with Cr and Cy replaced by increasing functions
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of TB. Clearly, the indirect utility function is increasing in  TB, be-
cause bothCt and Cy are increasing in  TB. We can therefore write the

intertemporal utility function as

O( TBy)+ U( TBy) (8.11)

Figure 8.8 shows the indi erence curves associated with thendirect utility

Figure 8.8: The indirect utility function: indi erence cur ves
-TB2

-TB 1

function (8.11). The indi erence curves have the conventimal form. They
are downward sloping and convex to the origin. As one moves mtheast in

the space ( TB;1; TB») utility increases.

The household's budget constraint in period 1 is given by

P P
Cri+ ——=Cyn1+ By =(1+ ro)Bo+ Qri+ —-Qn1
Pr1 Pr1
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The right hand side of this expression represents the sourseof wealth of
the household measured in terms of tradables. The househddnitial asset
holdings including including interest are (1 + ro)B,, where B, are initial
holdings of foreign bonds denominated in units of traded gods, andrg is
the return on the initial holdings of foreign bonds. The secmd source of
wealth is the value of output in period 1, Q1 + ( Py 1=Pr1)Qn 1, measured
in terms of tradables. Note that we are measuring nontraded atput in terms
of tradables by multiplying it by the relative price of nontr adables in terms
of tradables. The left hand side of the budget constraint repesents the uses
of wealth. The household allocates its wealth to purchasesfaconsumption
goods,Crq + %CN 1, and to purchases of foreign bondsB;. In equilib-
rium the market clearing condition in the nontraded sector requires that
consumption of nontradables be equal to production of nontadables, that
is, Cn1 = Qn1 (equation (8.9)). In addition, we have that TB; = Q11 Cr1
(equation (8.10)). Thus, the household's budget constraihin period 1 can
be written as

TB]_+ Bl = (1+ rO)BO

Similarly, in period 2 the budget constraint takes the form

where r, denotes the domestic interest rate paid on holdings of the fieign
bond between periods 1 and 2. Foreign bonds are measured inrtes of

tradables. Thus, rq is the real interest rate in terms of tradables. 3 We will

3The interest rate in terms of tradables indicates how many un its of tradables one re-
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assume that the economy is small and that there is free capitamobility,
so that the domestic interest rate on tradables must be equato the world
interest rate, r , that is,

r{=r:

By the no-Ponzi-game constraintB, 0 and the fact that no household is

willing leave outstanding assets in period 2, we have

B, =0

Combining the above four equations to eliminateB,, B,, and rq, we get the

following lifetime budget constraint

TB,
1+r

TB; =(1+ I'Q)BO (8.12)

This budget constraint says that the present discounted valie of current and
future trade de cits must be equal to the household's initial foreign asset
holdings including interest payments. This way of writing t he lifetime bud-
get constraint should be familiar from earlier lectures. Irdeed, we derived
an identical expression in the context of a single-good, ermvment economy
(equation (2.7)). Figure 8.9 shows the lifetime budget consaint (8.12).

The slope of the budget constraint is negative and given by (1 + r ). If

ceives next periods for each unit of tradables invested today. On the other hand, the inter-
est rate in terms of nontradables represents the amount of nontradables one receives tomor-
row per unit of nontradables invested today, and is given by ( 1+r1)(Pn 1=Pr1)=(Pn 2=Pr2).
To see why this is so, note that 1 unit of nonntradables in peri od 1 buys Py 1=Pr1 units of
tradables in period 1, which can be invested at the rate r; to get (1 + r1)Pn1=Pr1 units
of tradables in period 2. In turn each unit of tradables in per iod 2 can be exchanged for
Pr2=Pn 2 units of nontradables in that period.
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Figure 8.9: The intertemporal budget constraint

-8,

A

- slope = -(1+r*)

TB, = 0, then in period 1 the economy can run a trade de cit equal to
its entire initial wealth, thatis, TB1 =(1+ ro)B, (point A in the gure).
Alternatively, if TBi1=0,then TB,=(1+ r )(1+ ro)By (point B). The
fact that at point A the trade de cit in period 1, TBy, is positive means
initial asset holdings are positive ((1+rg)By > 0). But this need not be the
case. If the country was an initial debtor ((1+ ro)B, < 0), then the budget
constraint would be a line like the one connecting points C ad D. In this
case, point C is on the negative range of the horizontal axisndicating that
even if the trade balance is zero in period 2, the country mustgenerate a
trade surplus in period 1 in order to pay back its initial debt.

In equilibrium, households choose trade de cits in periodsl and 2 so as

to maximize their lifetime utility. This situation is attai ned at a point on
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the budget constraint that is tangent to an indi erence curv e (point A in

gure 8.10). This implies that at the equilibrium allocatio n, the slope of the

Figure 8.10: General equilibrium

-TB J

indi erence curve is equal to the slope of the budget constrint. To derive
this result formally, solve the budget constraint (8.12) for TB; and use
the result to eliminate T B from the indirect utility function (8.11), which

yields
TB,
1+

O (1+ro)B, + U( TBy):

To nd the optimal level of the trade de cit in period 2, take t he derivative

of this expression with respect to TB», and set it equal to zero, to get

TB> 1
1+r 1+r

g% 1+ ro)By + 0Y TBy)=0
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Rearranging terms and taking into account that (1+ ro)B, ( TB2)=(1+

r )= TB; we obtain

oY TB1) _

=1+r: (8.13)
oY TB,)

The left hand side of this equation is (minus) the slope of theindi erence
curve, and the right hand side is (minus) the slope of the budgt constraint.
With this optimality condition we have \closed" the model. B y closing
the model we mean that we now have as many equilibrium conditins as
we have endogenous variables. To recapitulate, in the prewus subsection
we obtained 7 equilibrium conditions for each period (equaibns (8.1), (8.2),
(8.3), (8.5), (8.8), (8.9), and (8.10)) and 8 unknowns for eah period (Qn,
Q1,Ln, LT, Cn, Cr, TB, and Pr=Py). In this subsection, we obtained 2
additional equilibrium conditions, equations (8.12) and (8.13), by studying
the intertemporal choice problem of the household® Therefore, we now
have 16 equations in 16 unknowns, so that the model is closedn the next
subsection we put the model to work by using it to address a nurher of real

life questions.

8.5 Wealth shocks and the real exchange rate

Consider the e ect of a decline in a country's net foreign aset position
on the real exchange rate and the trade balance. Figure 8.11epicts the
situation of a country that has a positive initial net foreig n asset position

((1 + ro)By) given by point A. The equilibrium is given by point B where

“Note that equations (8.12) and (8.13) do not introduce any ad ditional unknowns.
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Figure 8.11: A negative wealth shock

the intertemporal budget constraint is tangent to an indi e rence curve. A
decline in the initial net foreign asset position causes a pallel shift in
the budget constraint to the left. In the gure, the change in the initial
wealth position is given by the distance between points A andA'. The new
equilibrium is given by point B', where the trade de cits in b oth periods are
lower. The intuition behind this result is straightforward : as the country
becomes poorer it must reduce aggregate spending. Housetislchoose to
adjust in both periods because in that way they achieve a smaber path of

consumption over time.

Having established the e ect of the wealth shock on the tradebalance,
we can use gure 8.7 to deduce the response of the remaining éogenous

variables of the model. The negative wealth e ect produces adecline in
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consumption of tradables and nontradables in both periods. This result
makes sense, given that the economy has become poorer. In atigh, the
real exchange rate depreciates, or tradables become morepmasive relative
to nontradables. This change in relative prices is necessgrin order to
induce rms to produce less nontradables when the demand fothis type
of good falls. Finally, output increases in the traded secto and declines in
the nontraded sector. Thus, the improvement in the trade babnce is the
result of both a decline in consumption and an expansion in ppduction of
tradables.

Wealth shocks provide an example of long-lasting deviatioa from PPP
that arise even if productivity is not changing, and thus represent an alter-
native explanation of movements in the real exchange rate tdhe one o ered
by the Balassa-Samuelson model.

Are the predictions of the TNT model consistent with the observed re-
sponse of countries that faced large wealth shocks? An exar®of a large
negative wealth shock is World War Il. For example, in Great Britain large
military spending and structural damage wiped out much of the country's
net foreign asset position and resulted in a protracted depeciation of the

pound visa-vis the U.S. dollar.

8.6 World interest rate shocks

It has been argued that in developing countries, variationsin the real ex-
change rate are to a large extent due to movements in the worléhterest rate.

For example, Guillermo Calvo, Leonardo Leiderman, and Carnen Reinhart
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studied the commovement between real exchange rates and U.#terest
rates for ten Latin American countries between 1988 and 1992 They nd

that around half of the variance in real exchange rates can beexplained
by variations in U.S. interest rates. In particular, they n d that in periods
in which the world interest rate is relatively low, the developing countries
included in their study experience real exchange rate appmations. Con-
versely, periods of high world interest rates are associatewith depreciations
of the real exchange rate.

Is the TNT model consistent with the observed negative corréation be-
tween interest rates and the real exchange rate? Consider ansll open
economy, which, for simplicity, is assumed to start with zeio initial wealth.
Suppose further that the country is borrowing in period 1. The situation is
illustrated in gure 8.12. The budget constraint crosses the origin, re ect-
ing the fact that the initial net foreign asset position is nil. In the initial
situation, the world interest rate is r . The equilibrium allocation is given
by point A. The country is running a trade balance de cit in pe riod 1 and a
surplus in period 2. Suppose now that the world interest rateincreases from

r tor ©

>r . The higher interest rate causes a clockwise rotation of the
budget constraint. The new equilibrium is point B, where the steeper bud-
get constraint is tangent to an indi erence curve. At point B , the economy
is running a smaller trade de cit in period 1 than at point A. T he improve-
ment in the trade balance is the consequence of two reinfomag e ects. First,

the increase in the interest rate produces a substitution eect that induces

5G. Calvo, L. Leiderman, and C. Reinhart, \Capital Inows and Real Exchange Rate
Appreciation in Latin America: The Role of External Factors ," International Monetary
Fund Sta Papers, Vol. 40, March 1993, 108-151.
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Figure 8.12: An increase in the world interest rate

slope = - (1+r* ®

slope = - (1+r*) ®

households to postpone consumption and increase savingse&®nd, because
the economy is borrowing in period 1, the increase in the inteest rate makes
domestic households poorer, thus causing a decline in aggate spending.
It follows from gure 8.7 that the decline in the trade balance in period
1 caused by the interest rate hike is accompanied by a declin@ consump-
tion of tradables and nontradables, an expansion in traded atput and a
contraction in the nontraded sector. Finally, the real exchange rate depreci-
ates. The TNT model is therefore consistent with the observéion that high

interest rates are associated with real depreciations of th exchange rate.

8.7 Terms-of-trade shocks

In order to incorporate terms-of-trade (TOT), we must augment the model

to allow for two kinds of traded goods: importables and expotables. We will
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assume, as we did in our earlier discussion of terms of tradebsection 2.3),
that the country's supply of tradables is exported and not consumed, and
that all traded goods consumed by domestic households are iported. The

distinction between importables and exportables makes maers more com-
plicated. To compensate, we will simplify the model's struture by assuming
that the supplies of tradables and nontradables are exogenss. That is, we

will study the e ects of TOT shocks in an endowment economy. The only
di erence with our earlier treatment of TOT shocks is therefore the presence
of nontradable goods.

Households consume importable goods and nontraded goodsnd are
endowed with xed quantities of exportables and nontradables. Let Cy
denote consumption of importables andQyx the endowment of exportable
goods. LetPx =Py denote the terms of trade, de ned as the relative price of
exportables in terms of importables. In this endowment econmy, the PPF
collapses to a single point, namely, the endowment of tradales and nontrad-
ables Qx ; Qn). Point Ain gure 8.13 represents the value of the economy's
endowment. In order to measure imports and exports in the sama units on
the horizontal axis, the endowment of exportables is expresed in terms of
importables by multiplying Qx by the terms of trade, Px =Py . Suppose
that in equilibrium the economy is running a trade surplus equal to the
horizontal distance between points A and B. It follows that the income ex-
pansion path, given by the locusOC, must cross point B. The real exchange
rate, now de ned as Py =Py, can be read of the slope of the indi erence
curve at point B.

Suppose that the economy experiences a permanent improvemtsn the
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Figure 8.13: An improvement in the terms of trade
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terms of trade, that is, an increase inPx =Py in both periods. Because the
value of the endowment of exportables went up, point A in gure 8.13 shifts
horizontally to the right to point A'. At the same time, the pe rmanent TOT
shock is likely to have a negligible e ect on the trade balane. The reason is
that a permanent increase in the TOT is equivalent to a permarent positive
income shock, to which households respond by increasing cemimption in
both periods in the same magnitude as the increase in incomé¢hus leaving
the trade balance unchanged. The fact that the trade balancds unchanged
implies that in the new equilibrium consumption of importables must in-
crease in the same magnitude as the increase in the value ofédlendowment
of tradables. The new consumption point is given by B' in the gure. The

distance between A and B is the same as the distance between And B'.
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The new income expansion path must go through point B'. This neans
that the IEP rotates clockwise, or, equivalently, that the r eal exchange rate
appreciates Py =Py goes down) in response to the improvement in TOT.
The intuition behind this result is clear. The permanent increase in income
caused by the improvement in TOT induces households to demahmore of
both goods, importables and nontradables. Because the suppof nontrad-

ables is xed, the relative price of nontradables (the recigocal of the real
exchange rate) must increase to discourage consumption ofontradables,
thereby restoring equilibrium in the nontraded sector.

Suppose now that the improvement in the terms of trade is temprary
rather than permanent, that is, that Px =Py increases only in period 1. In
this case, households will try to smooth consumption by savig part of the
positive income shock in period 1. As a result the trade balaoe in period 1
improves. In terms of gure 8.13, the new consumption positon, point B",
is such that the distance between B" and B is smaller than the distance be-
tween A%and A, re ecting the improvement in the trade balance. Therefore,
as in the case of a permanent TOT shock, in response to a tempary TOT
shock the IEP shifts clockwise. However, the rotation is smber than under
a permanent TOT shock. Consequently, the real exchange ratappreciation

is also smaller under a temporary TOT shock than under a permaent one.
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Chapter 9

The Macroeconomics of

External Debt

9.1 The debt crisis of developing countries of the

1980s

In 1982, the government of Mexico announced that it could no bnger meet
its external nancial obligations. This episode marked the beginning of what
today is known as the Developing Country Debt Crisis. Mexicds decision
was followed by similar measures by other highly indebted deecloping coun-
tries, particularly in Latin America. In this section we pre sent an analytical
overview of the events leading to the Debt Crisis, its econont consequences,

and its reversal with the capital in ows of the 1990s.

The fact that many countries were a ected simultaneously suwggests that

international factors played an important role in the nanc ial crisis of the

231
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early 1980s.

A number of external factors led to a large accumulation of dbt by
developing countries in the second half of the 1970s. The sha oil price
increase in 1973-74 led to huge deposits by middle easternwtries in in-
ternational banks. Flushed with funds, commercial banks wee eager to
lend. In addition, in general, bankers in industrialized cauntries strongly
felt that developing countries could never go bankrupt. Two other exter-
nal factors were important in explaining the unusual amount of capital that
owed to Latin America and other developing countries in the late 1970s:
low real interest rates and large growth in exports.

There were also domestic government policies in Latin Ameda that en-
couraged borrowing in the late 1970s. First, nancial liberalization, led to
large expansions in lending, as interest rate controls in tk banking sector
were removed. In some countries, such as Argentina and Chilehe gov-
ernment provided loan guarantees. Thus, domestic banks hathcentives to
borrow at very high rates and invested in risky projects. In fact, it was as
if the government was subsidizing foreign borrowing by domstic banks.

A second domestic factor was the exchange rate policy follosd by a
number of Latin American countries. In the mid 1970s, countiies in the
Southern Cone of Latin America pegged their currencies to tke U.S. dollar
as away to ghtin ation. This policy resulted in a signi can treal exchange
rate appreciation (i.e., inafallin S P =P) and large current account de cits.
Households expanded purchases of imported goods, espebjalurables such
as cars and electrodomestics.

In the early 1980s, there was a dramatic change in the economienviron-
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ment. World interest rates increased sharply due to the anttin ationary pol-
icy in the U.S. led by Federal Reserve chairman Paul Volker (se table 9.1).

In addition, the terms of trade deteriorated for the debtor countries as raw

Table 9.1: Interest rates in the late 1970s and early 1980s

Nominal
Year | LIBOR
1978 8.3
1979 12.0
1980 14.2
1981 16.5

Source: Andres Bianchi et al., \Adjustment in Latin Amer-
ica, 1981-86," in V. Corbo, M. Goldstein, and M. Khan, ed.,
Growth Oriented Adjustment Programs, Washington, D.C.: In-
ternational Monetary Fund and The World Bank, 1987.

material prices fell. As a result, the real interest rate facd by developing

countries rose dramatically (see gure 9.1).

Debtor countries were highly vulnerable to the rise in world interest
rates because much of the debt carried a oating rate. In Latn America,
65% of the foreign debt had a oating rate. Thus, debt serviceincreased
rapidly and unexpectedly in the early 1980s. The combinatimm of higher
interest rates and lower export prices resulted in sharp inpeases in interest
payments relative to export earnings in highly indebted deeloping countries
(see table 9.2). External lending to developing countries ad in ows of
foreign investment abruptly stopped in 1982. For all develging countries,

new lending was 38 billion in 1981, 20 billion in 1982, and o 3 billion in
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Figure 9.1: Interest rates and export prices in Latin America (1972-1986)
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Source: Andres Bianchi et al., \Adjustment in Latin Amer-
ica, 1981-86," in V. Corbo, M. Goldstein, and M. Khan, ed.,
Growth Oriented Adjustment Programs, Washington, D.C.: In-
ternational Monetary Fund and The World Bank, 1987.

1983.

Domestic factors also contributed to the slowdown in capitd in ows.
The exchange rate policy of pegging the domestic currency tthe U.S. dollar
followed by countries in the Southern Cone of Latin America vas believed
to be unsustainable, in part because governments did fail tamplement the
required scal reforms. As a result, by the early 1980s expédations of real
depreciation of the domestic currency induced domestic rédents to invest
in foreign assets (capital ight). In addition, the risky pr ojects taken up by
banks following the nancial liberalization of the late 1970s and encouraged
by government guarantees resulted in systemic banking faiires.

As a result of the shutdown of foreign credit, countries wereforced to

generate large current account surpluses in order to contime to service, at
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Table 9.2: Interest payments in selected Latin American couatries. Average
1980-81.

Percent of Debt | Interest Payment to
Country at oating rate Exports ratio (%)
Argentina 58 15
Brazil 64 28
Colombia 39 16
Chile 58 28
Mexico 73 19
All Latin America 65 28

Source: Andres Bianchi et al., \Adjustment in Latin Amer-
ica, 1981-86," in V. Corbo, M. Goldstein, and M. Khan, ed.,
Growth Oriented Adjustment Programs, Washington, D.C.: In-
ternational Monetary Fund and The World Bank, 1987.

least in part, their external obligations (see gure 9.2).

What does our model say about the macroeconomic consequerscef a
sharp world interest rate increase for a debtor country whogs debt is at
oating rates? Figure 9.3 depicts an endowment economy thatstarts with a
zero initial net foreign asset position ((1+ro)B, = 0). The endowment point,
(Q1,Q2), is given by point A inthe gure. The initial equilibrium is at point
B, where the economy is running a current account de cit (or borrowing
from abroad an amount) equal to Q1 C; in period 1. The situation in
period 1 resembles the behavior of most Latin American coumnies in the
late 1970s, which, taking advantage of soft international cedit conditions
borrowed heavily in international capital markets. Consider now an increase
in the world interest rate like the one that took place in the early 1980s.
The interest rate hike entailed an increase in the amount of esources needed

to service not only newly assumed obligations but als@xisting debts. This
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Figure 9.2: The trade balance in Latin America (1974-1990)
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Source: Economic Commission for Latin America and the
Caribbean (ECLAC), Preliminary Overview of the Economy of

Latin America and the Caribbean, Santiago, Chile, December
1990.

is because, as we argued above, most of the developing countdebt was
stipulated at oating rates. In terms of our graph, the increase in the interest
rate fromr tor + causes a clockwise rotation of the budget constraint

around point A.

We assume that households took on their debt obligations undr the ex-
pectations that the world interest rate would be r . We also assume that
the interest rate hike takes placeafter the country assumes its nancial
obligations in period 1. However, in period 2 the country mug pay the

higher interest rate on the nancial obligations assumed inperiod 1 because
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Figure 9.3: Floating Interest Rates and Current Account Adjustment
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those obligations stipulated a oating rate. Therefore, households cannot
reoptimize and choose pointB? featuring a lower trade de citjand hence
lower foreign debtjin period 1. They are stuck with TB; = Q1 Cj. This
means that the new position of the economy is pointC on the new budget
constraint and vertically aligned with point B. The increase in the world
interest rate forces the country to generate a large trade bkance in period 2,
given by Q>  C%n order to service the debt contracted in period 1. Note
that the trade surplus in period 2 is much larger than it would have been
had the country been able to re-optimize its borrowing in peiod 1 (Q, C9).
It is clear from gure 8.7 that the improvement in the trade ba lance leads
to a depreciation of the real exchange rate and a contractiorin aggregate

spending. The response of the economy in period 2 captures gity well the



238 S. Schmitt-Grole and M. Uribe

adjustment that took place in most Latin American countries in the wake of
the Debt Crisis. Figure 9.2 documents the spectacular tradebalance rever-
sal that took place in Latin America in 1982. Table 8.1, showshat in Chile,

the improvement in the current account in the aftermath of th e debt crisis
was accompanied by a dramatic (and traumatic) real exchangeate depreci-
ation. The Chilean experience is not atypical. Large real dpreciations were

observed across Latin America after 1982.

9.2 The resurgence of capital in ows to developing

countries in the 1990s

In the 1990s, developing countries in Asia and Latin Americaexperienced a
resurgence of capital in ows. About $670 billion of foreigncapital owed to
these countries in the 5 years from 1990 to 1994, as measureg the total
balance on the nancial account. This is 5 times larger than the $133 billion
of total in ows during the previous 5 years.

An article by Guillermo Calvo, Leonardo Leiderman, and Carmen Rein-
hart analyzes the causes of the resurgence of capital in owto developing
countries in the 1990s and argues that a number of factors werat work.!
The widespread nature of the phenomenon suggests that glob&actors were
especially important. Many of these factors are the same thaled to high
capital in ows to the region in the late 1970s. Domestic facbrs also played

a role in determining the magnitude and composition of capitl ows.

1See G. Calvo, L. Leiderman, and C. Reinhart, \In ows of Capit al to Developing
Countries in the 1990s," Journal of Economic Perspectives, 10, Spring 1996, 123-139.



International Macroeconomics, Chapter 9 239

First, interest rates in international nancial markets in the 1990s were
relatively low. After peaking in 1989, interest rates in the U.S. declined
steadily in the early 1990s. In 1992 interest rates reachedheir lowest level
since the 1960s. This attracted capital to high-yield invesments in Asia
and Latin America. Second, in the early 1990s, the U.S., Japa and several
countries in Western Europe were in recession, which implig that they of-
fered fewer investment opportunities. Third, rapid growth in international
diversi cation and international capital market integrat ion, facilitated in
part by nancial deregulation in the U.S. and Europe, allowed mutual funds
and life insurance companies to diversify their portfoliosto include emerging
market assets. Fourth, many developing countries made pragss toward im-
proving relations with external creditors. Fifth, many dev eloping countries
adopted sound scal and monetary policies and market-orieted reforms
such as trade and capital liberalization (Chile, Bolivia, and Mexico in the
1980s, Argentina, Brazil, Ecuador, and Peru in the 1990s). ally, there
seemed to be what some researchers call contagion. The opegiof a large
developing economy to capital markets (like Mexico in the lae 1980s) can
produce positive externalities that facilitate capital in ows to other neigh-

boring countries.

As shown in table 9.3, the capital in ows of the 1990s producd a number
of important macroeconomic consequences, which are strikgly similar to
those that paved the way for the debt crisis in the late 1970s: (1) The
counterpart of the surge in capital in ows was a large increae in current
account de cits, which materialized via investment booms and declines in

savings. (2) In Latin America, the surge in capital in ows led to large
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Table 9.3: Selected recipients of large capital in ows: mameconomic per-
formance 1988-1994

Country Year Capital Cumulative Average
Inow began RER appreciation CA/GDP
Asia
Indonesia 1990 -6.2 -2.5
Malaysia 1989 -3.9 -4.8
Philippines 1992 20.9 -4.2
Thailand 1988 1.9 -6.0
Latin America
Argentina 1991 20.1 -3.1
Brazil 1992 57.9 -2
Chile 1990 135 -1.8
Colombia 1991 37.1 -4.2
Mexico 1989 23.4 -6.8

Source: \Inows of Capital to Developing Countries in the 1990s"
by G. Calvo, L. Leiderman, and C. Reinhart, Journal of Economic
Perspectives Spring 1996.
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real exchange appreciations. By contrast, in Asia such appciation was
observed only in the Philippines. (3) The decline in savingswvas associated
with increases in consumption of (mostly imported) durable goods. (4)
A signi cant fraction of capital in ows were channeled to ac cumulation of

foreign exchange reserves by central banks.

9.3 The Debt Burden

A country's debt burden can be measured by its debt-to-GDP rdio,

Debt burden = L;
GDP

whereD denotes the country's stock of external debt and GDP denotegross
domestic product, both measured in terms of tradables. A noable charac-
teristic of the debt crisis was that the debt burden of develging countries

rose rather than fell. Table 9.4 shows that the debt burden ofArgentina,

Table 9.4: The evolution of the debt/GNP ratio in selected countries, 1980-
1985

GDP

1980 1982 1985

Argentina
Brazil
Mexico

48
31
.30

.84
.36
.53

.84
.49
.55

Source: Je rey D. Sachs and Felipe Larrain B.,Macroeconomics
in the Global Economy, Prentice Hall, Englewood Cli s, New
Jersey, 1993, Table 22-9.
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Brazil, and Mexico was 18 to 36 percentage points higher in 186 than in
1980. The reason why the observed increase in the debt-to-G®ratio is
surprising is that, as we discussed in the previous sectiorwith the onset of
the debt crisis the ow of capital to developing countries came to an abrupt
halt. Therefore, the observed rise in the debt burden must hae been driven

by a decline in GDP rather than an increase in debt.

The reason for the sharp decline in GDP is, among other factas, that
large real exchange rate depreciations lead to a decline irhe value of do-
mestic output in terms of tradables. Domestic output in terms of tradables
is the sum of tradable output and nontradable output measuread in terms of

tradables, that is,
. Pn
GDP in terms of tradables = Qt + P—QN :
T

In response to a real exchange rate depreciation the produizin of tradables
increases and that of of nontradables declines. The value afomestic output
of nontradables measured in terms of tradables falls becaesboth Qy and

Pn =Py fall. On the other hand, production of tradables increases.

How can we determine that the net e ect on output in terms of tr adables
is negative? Let's use the TNT model developed in chapter 8. @Gnsider
a small open economy that experiences a sharp deteriorationf its real
exchange rate. Suppose that initially the country producesat point A in
gure 9.4. The equilibrium real exchange rate is given by thenegative of

the slope of the PPF at point A and GDP in terms of tradables is gven by
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Figure 9.4: The e ect of a real depreciation on the value of GIP in terms
of tradables

od
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point A% which is the sum of Q4 and (P{=P#)QX -2 Suppose now that the
real exchange rate depreciates and as a consequence equilin production

takes place at pointB on the PPF. The new real exchange rateP2=pPZ is
equal to the negative of the slope of the PPF at pointB. As the relative
price of tradables rises, production of tradables increasefrom Qf to Q2 and
that of nontradables falls from Q4 to QB. The new value of GDP in terms
of tradables is given by point B which is equal toQE +( P§ =P2)QE . Areal

exchange rate depreciation thus causes a decline in the vadwf a country's
GDP in terms of tradables and as a consequence implies that # country

must spend a larger fraction of its GDP in servicing the extenal debt.

2To see that point A ° represents GDP in terms of tradables, note that the line con-
necting A and A° has slope P£=P{ and crosses the point (QF; QX ); thus such line can

be written as the pairs (x;y) satisfying y = QX EL:(X Q7). We are looking for the
N

intersection of this line with the x axis, that is, for the value of x corresponding toy = 0.

Setting y =0 we get x = Qf + (P4 =Pf)QxN .
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9.4 Debt Reduction Schemes

Soon after the debt crisis of 1982, it became clear to debtorauntries, credi-
tors, and multinational organizations, such as the IMF and the World Bank,
that full repayment of the developing country debt was no longer realistic
and policy makers started to think about debt reduction schemes as a pos-
sible solution to the debt crisis3

By the late 1980s the debt of many developing countries was &ding in
the secondary market at signi cant discounts, often as low & 50 percent
of its face or par value, re ecting the fact that market parti cipants thought
that the likelihood that the country would ever be able to ful ly repay its debt
was very low. At the time many policy makers and economists agued that
in such a situation it would be best to \face reality" and reduce a country's
debt to what it would be able to pay. The idea was that the face \alue of
the outstanding debt should be adjusted so that the debt woutl be trading
around par and the adjustment should take the form of creditas forgiving
part of the debt. This idea was not very often implemented beause typically
it is not in the creditor's interest to forgive debt unilater ally. We rst show

why debt forgiveness is often not in the creditor's interest

9.4.1 Unilateral Debt Forgiveness

Consider the situation of a country that owes $100. Assume tht there is

some uncertainty about whether the country will be able to repay its debt

3The analysis that follows draws heavily from a lucid article by Paul Krugman, of
Princeton University, entitled \Reducing Developing Coun try Debt," in Currencies and
Crises, Paul Krugman (Ed.), Cambridge MA: MIT Press, 1995.
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Table 9.5: Initial situation
Good state Bad state

Probability of state 3 z
Face value = 100
Receipt of creditors 100 25

Expected repayment: 50
Secondary market price:0.50

in full. In particular, suppose that there are two possible autcomes (see
table 9.5). Either the country will be able to repay its debt in full, we refer
to this scenario as the good state. Or it will only be able to py 25, we call
this the bad state. Suppose that the good state occurs with pobability 1 =3

(so that bad state occurs with probability 2/3). Thus,

expected repayment to creditors =100 1=3+25 2=3=50:

This means that the country's debt, whose face value is 100siindeed worth
only 50. The price of each unit of debt in the secondary markets accordingly

only 0.50:

Expected repayment _ 50 _ ..

econdary market price = -
secondary market price = = ce value of the debt 100

Suppose now that the creditors forgive 50 units of debt. Therthe remaining
debt outstanding is only 50 (D = 50). What is the new secondary market
price? As shown intable 9.6, in the bad state the country can gain only pay
25 but in the good state it will pay the face value of the debt, which, after the
debt reduction, is 50. Expected receipts of the creditors tlen are: 50 1=3+

25 2=3 =33:33. The secondary market price rises to 333=50 = :67. The



246 S. Schmitt-Grole and M. Uribe

Table 9.6: Unilateral debt forgiveness of 50

Good state Bad state

Probability of state 3 z
D =50
Receipt of creditors 50 25

Expected repayment: =33.33
Secondary market price:=0.67

loss from debt forgiveness to creditors is the di erence bateen the expected
repayment without debt forgiveness, 50, and the expected fgayment with
debt forgiveness, 3333, that is, 16:67. Clearly, in this example creditors will
never agree to debt forgiveness. The problem is that in this ituation, debt
forgiveness does not inprove the debtor's capacity to pay irthe bad state.
It simply makes the debtor country's life easy in the good stde, which is

precicely the one in which it can a ord to pay back.

9.4.2 Debt Overhang

However, in reality creditors sometimes do agree to forgivelebt. For exam-
ple, at the G-7 Economic Summit held in Cologne, Germany in Jume 1999,
rich countries launched a program, dubbed the Cologne Initative, aimed at
reducing the debt burden of the so-called Highly Indebted Por Countries
(HIPCs).# To understand why it can be in the creditor's interest to forgive
debt, it is important to note that one unrealistic assumptio n of the above ex-
ample is that the ability of the debtor to pay is independent of the size of his

debt obligations. There are reasons to believe that debtor@are more likely

“4For more information on ongoing e orts to reduce the debt bur den of HIPCs see the
web site of the Center for International Development at Harv ard University (http://  www.
cid.harvard.edu/cidhipc/hipchome.htm ).
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to default on their debts the larger is the face value of debt.One reason why
this is so is that if D is very large, then the bene ts of e orts to improve the
economic situation in the debtor country mainly go to the creditors (in the
form of large debt-service-related out ows), giving the debtor country very
little incentives to improve its economic fundamentals. Another reason why
debt repudiation might become more likely as the level of debgets high is
that the debt burden might ultimately appear as a tax on domesgic capital
implicit in the government's need to collect large amounts d resources to
meet external obligations, and thus act as a disincentive fodomestic invest-
ment. The idea that the probability of repayment is low when the level of
debt is high has come to be known as thelebt overhang argument.

We can formalize the debt overhang argument as follows. Let be the
probability that the good state occurs. Assume that depends negatively

onD:

Assume, as in our original example, that in the bad state the ountry pays
only 25 while in the good state it pays the debt in full. Let D denote face
value of the contry's outstanding debt, and assume thatD > 25. Then,

expected receipts of the creditor are given by

expected repayment= (D) D +(1 (D)) 25

Is it still the case that expected receipts are increasing inthe amount of
debt forgiven? The answer is no, not necessarily. If an incrse in debt

pushes up the probability of the bad state su ciently, then i t can be the
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case that expected receipts actually fall asD increases. Figure 9.5 shows

Figure 9.5: The debt La er curve
A

Expected Repayment
N

>
D¢ D* D ' Debt

the relationship between the magnitude of debt outstandingand expected
receipts of creditors, also known ashe debt La er curve. Expected repay-
ment peaks at a value of debt equal tdD . The creditor of a country with an
outstanding debt equal to D, for example, can increase his expected receipts
by forgiving debt in any amount less thanD D?. In particular, the creditor
will maximize expected repayment by forgivingD D units of debt. Note
that the optimal amount of debt relief does not result in a seondary market
price of unity. In the gure, the secondary market price is given by the ratio
of the debt La er curve to the 45 degree line. The secondary meket price
becomes unity only if the creditor accepts to reduce the debtto 25, for in

this case the risk of default disappears.

Let's illustrate the concept of debt overhang by means of a nmerical

example. Consider again the case shown in table 9.5. Supposew creditors
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forgive 20 of the outstanding debt, so that the new amount of ebt is 80.
Assume also that this reduction in the debt burden increaseghe probability
of the good state from 1/3 to 1/2. Expected repayments are th& given by
80 1=2+25 1=2 = 52:5. Thus expected repayments increase by 2.5
even though the face value of the debt fell by 20. Creditors wold bene t
from such a unilateral debt reduction. Debtors would also be&e t because
in case the good state occurs, they have to pay 20 less than ifné absence
of the debt reduction scheme. To sum up, if a country is on the wrong"
(downward sloping) side of the debt La er curve, then it will be the case that
unilateral debt forgiveness is not necessarily against thinterest of creditors.

Thus, one should not be surprised to see debt forgiveness haen sometimes.

9.4.3 The Free Rider Problem In Debt Forgiveness

Even in the case that unilateral debt forgiveness bene ts tre creditors, in
practice, such schemes might be di cult to implement. The reason is that
they create a \free rider" problem. Going back to the above example, sup-
pose that only some of the creditors forgive debt but others hoose not to
participate. As a result of the debt forgiveness, the seconary market price
of debt increases from 0.5 to 55=80 = :66 bene ting those who chose not
to participate in the scheme. So, from the point of view of an ndividual
creditor it is always best not to forgive any debt and hope tha some of the
other creditors do and then free ride on the debt reduction e orts of other
creditors. Because of this free rider problem, if debt forgieness occurs in
practice it is usually a concerted e ort, namely one where all creditors agree

on forgiving some part of the debt.
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9.4.4 Third-party debt buy-backs

A debt-reduction scheme often considered by multinationalorganizations
is third-party debt buy backs. A third-party debt buy-back ¢ onsists in
purchases of developing country debt at secondary market jices by a third
party, such as the World Bank, the IDB, or the IMF, with the pur pose of

reducing the debt burden of such countries.

Consider our original numerical example of a country that has an out-
standing debt of 100; the country can pay 100 in the good stateand only 25
in the bad state. The good state occurs with probability 1/3 and the bad
state with probability 2/3. The secondary market price of debt is 0.50 and

expected payments are 50.

Suppose now that the World Bank announces that it will buy 75 units
of (face value) debt in the secondary market. As soon as the arouncement
is made, the secondary market price jumps to a new value. Specally,
after the buy back the level of outstanding debt is 25, which he debtor
country can pay in any state, good or bad. Thus, expected payrants are
25, which is also the face value of the remaining outstandinglebt. This
implies that the secondary market price jumps up from 0.50 tol at the
announcement of the buy-back and before it actually takes phce. Who
bene ts from the buy-back? Creditors receive 75 from the Woid Bank and
25 from the debtor country. Thus, comparing the situation with and without
buy-back, creditors bene t from the buy-back by 50, becausen the absence
of the buy-back scheme their expected receipts were 50 whexrg after the

buy-back they are 100. Debtors have expected payments of 5@ the absence
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of the debt-reduction scheme and 25 when the debt buy-back is place. So
they benet by 25. Summing up, the World Bank pays 75, of which 50 go
to the creditors and 25 to the debtor countries.

We conclude that this method of introducing debt relief is expensive|
the World Bank ends up paying par value for the debt it buys bad|and
bene ts mostly the creditors rather than the debtors whom th e World Bank

meant to help.

9.4.5 Debt swaps

Another type of debt reduction scheme is given by debt swapsA debt swap
consist in the issuance of new debt with seniority over the a debt. The
new debt is then used to retire old debt. It is important that t he new debt
is made senior to the existing debt. This means that at the time of servicing
and paying the debt, the new debt is served rst.

Consider again the original numerical example described irtable 9.5.
The debtor country pays the face value of the debt, 100, with pobability
1/3 and 25 with probability 2/3. Thus, expected payments are 50 and the
secondary market price is 0.5. Suppose now that the governmeissues 25
units of new debt with the characteristic that the new debt has seniority
over the old debt. The new debt is default free. To see this, nte that in the
bad state the government has 25, which su ces to pay back the mw debt.
This implies that the debtor government is able to introduce the new debt
at par, i.e., the price of new debt is unity. At the same time, because in
the bad state all of the debtor resources are devoted to payig back the new

debt, the government defaults on the totality of the outstanding old debt
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if the state of nature turns out to be bad. Let D° denote the outstanding
stock of old debt after the swap. Holders of this debt receivepayments
in the amount D° in the good state and 0 in the bad state. So expected
payments on the outstanding old debt equal ¥£3 D°+2=3 0=1=3 D°.
The secondary market price of the outstanding old debt is theratio of the
expected payments to the face value, or (33 D?%)=D° = 1=3. Notice that
the price of old debt experiences a sharp decline from 0.5 t0.83. At this
price, the government can use the 25 dollars raised by oatig new debt to
retire, or swap, 25-0:33 = 75 units of old debt. As a result, after the swap
the outstanding amount of old debt falls from 100 to 75, orD° = 25.

Who bene ts from this swap operation? Clearly the debtor cowntry. In
the absence of a swap, the debtor has expected payments of 5With the
swap, the debtor has expected payments of 8.33 to holders otdbdebt and
25 to holders of new debt. These two payments add up to only 333. So
the government gains 16.67=50-33.33 by implementing the sap. On the
other hand, creditors see their receipts fall from 50 beforehe swap to 33.33

after the swap (25 from the new debt and 8.33 from the old debt)



Chapter 10

Monetary Policy and
Nominal Exchange Rate

Determination

Thus far, we have focused on the determination ofreal variables, such as
consumption, the trade balance, the current account, and tte real exchange
rate. In this chapter, we study the determination of nominal variables, such
as the nominal exchange rate, the price level, in ation, andthe quantity of

money.

We will organize ideas around using a theoretical frameworkmodel)
that is similar to the one presented in previous chapters, wih one important

modi cation: there is a demand for money.

An important question in macroeconomics is why households ®untarily

choose to hold money. In the modern world, this question aries because

253
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money takes the form of unbacked paper notes printed by the geernment.
This kind of money, one that the government is not obliged to exchange for
goods, is called at money. Clearly, at money is intrinsically valueless. One
reason why people value money is that it facilitates transations. In the ab-
sence of money, all purchases of goods must take the form of thear. Barter
exchanges can be very di cult to arrange because they requie double co-
incident of wants. For example, a carpenter who wants to eat a ice cream
must nd an ice cream maker that is in need of a carpenter. Mong elimi-
nates the need for double coincidence of wants. In this chapr we assume

that agents voluntarily hold money because it facilitates transactions.

10.1 The quantity theory of money

What determines the level of the nominal exchange rate? Why hs the Euro
been depreciating vis-a-vis the US dollar since its inceptin in 1999? The
guantity theory of money asserts that a key determinant of the exchange
rate is the quantity of money printed by central banks.

According to the quantity theory of money, people hold a moreor less
stable fraction of their income in the form of money. Formally, letting Y
denote real income M ¢ money holdings, andP the price level (i.e., the price

of a representative basket of goods), then

This means that the real value of money, M d=p_ is determined by the level



International Macroeconomics, Chapter 10 255

of real activity of the economy. Let m% M 9=P denote the demand for
real money balances. The quantity theory of money then maingins that
md is determined by nonmonetary or real factors such as aggreg@ output,

the degree of technological advancement, etc.. LeM ° denote the nominal
money supply, that is, M S represents the quantity of bills and coins in cir-
culation plus checking deposits. Equilibrium in the money narket requires

that money demand be equal to money supply, that is,
—=m (10.1)

A similar equilibrium condition has to hold in the foreign country. Let M 3
denote the foreign nominal money supply,P the foreign price level, and
m 9 the demand for real balances in the foreign country. Then,

M S
5—=m d (10.2)

Let E denote the nominal exchange rate, de ned as the domestic-atency
price of the foreign currency. So, for example, iE refers to the dollar/euro
exchange rate, then stands for the number of US dollars necsary to pur-
chase one euro. Letdenote the real exchange rate. As explained in previous
chapters, e represents the relative price of a foreign basket of goods iterms

of domestic baskets of goods. Formally,

Using this expression along with (10.1) and (10.2), we can gxess the nom-
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inal exchange rate,E, as

M em
E=— — 10.3
M - (10.3)
According to the quantity theory of money, not only m and m but also

e are determined by non-monetary factors. The quantity of morey, in turn,
depends on the exchange rate regime maintained by the respie central
banks. There are two polar exchange rate arrangements: exile and xed

exchange rate regimes.

10.1.1 Floating (or Flexible) Exchange Rate Regime

Under a oating exchange rate regime, the market determineshe nominal
exchange ratekE . In this case the level of the money supplies in the domestic
and foreign countries,M S and M S, are determined by the respective central
banks and are, therefore, exogenous variables. Exogenouariables are those
that are determined outside of the model. By contrast, the naminal exchange
rate is an endogenous variable in the sense that its equilibum value is
determined within the model.

Suppose, for example, that the domestic central bank decideto increase
the money supply M 3. It is clear from equation (10.3) that, all other things
constant, the monetary expansion in the home country causethe nominal
exchange rateE to depreciate by the same proportion as the increase in the
money supply. (i.e.,E increases). The intuition behind this e ect is simple.
An increase in the quantity of money of the domestic country ncreases

the relative scarcity of the foreign currency, thus inducing an increase in the
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relative price of the foreign currency in terms of the domesic currency, E. In
addition, equation (10.1) implies that when M increases the domestic price
level, P, increases in the same proportion a1 . An increase in the domestic
money supply generates in ation in the domestic country. The reason for
this increase in prices is that when the central bank injectsadditional money
balances into the economy, households nd themselves with @wre money
than they wish to hold. As a result households try to get rid of the excess
money balances by purchasing goods. This increase in the demd for goods
drives prices up.

Suppose now that the real exchange rate depreciates, (thatsie goes
up). This means that a foreign basket of goods becomes more gensive
relative to a domestic basket of goods. A depreciation of theeal exchange
rate can be due to a variety of reason, such as a terms-of-trad shock or
the removal of import barriers. If the central bank keeps the money supply
unchanged, then by equation (10.3) a real exchange rate depciation causes
a depreciation (an increase) of the nominal exchange rate. dte that e and
E increase by the same proportion. The price leveP is una ected because

neither M nor m have changed (see equation (10.1)).

10.1.2 Fixed Exchange Rate Regime

Under a xed exchange rate regime, the central bank determims E by in-
tervening in the money market. So givenE, M S, and em S=mS, equa-
tion (10.3) determines what M ® ought to be in equilibrium. Thus, under
a xed exchange rate regime,M S is an endogenous variable, whereak is

exogenously determined by the central bank.
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Suppose that the real exchange rateg, experiences a depreciation. In
this case, the central bank must reduce the money supply (thais, M S must
fall) to compensate for the real exchange rate depreciation Indeed, the
money supply must fall by the same proportion as the real exchnge rate.
In addition, the domestic price level, P, must also fall by the same proportion
as e in order for real balances to stay constant (see equation (1@)). This
implies that we have a de ation, contrary to what happens under a oating

exchange rate policy.

10.2 Fiscal de cits and the exchange rate

The quantity theory of money provides a simple and insightfu analysis of
the relationship between money, prices, the nominal exchage rate, and
real variables. However, it leaves a humber of questions umswered. For
example, what is the e ect of scal policy on in ation? What r ole do ex-
pectations about future changes in monetary and scal poliy play for the

determination of prices, exchange rates and real balances®o address these
guestions, it is necessary to use a richer model; one that imcporates a more
realistic money demand speci cation and one that explicitly considers the
relationship between monetary and scal policy.

In this section, embed a money demand function into a model vth a
government sector, similar to the one used in chapter 5 to anlgze the e ects
of scal de cits on the current account. Speci cally, we consider a small-
open endowment economy with free capital mobility, a singldraded good per

period, and a government that levies lump-sum taxes to nane@ government
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purchases. For simplicity, we assume that there is no physil capital and
hence no investment. Domestic output is given as an endowmén Besides
the introduction of money demand, a further di erence with t he economy
studied in chapter 5 is that now the economy is assumed to exisiot just for
2 periods but for an in nite number of periods. Such an econory is called
an in nite horizon economy.

We discuss in detail each of the four building blocks that conpose our
monetary economy: (1) The money demand; (2) Purchasing poweparity;

(3) Interest rate parity; and (4) The government budget constraint.

10.2.1 Money demand

In the quantity theory, money demand is assumed to depend ol on the
level of real activity. In reality, however, the demand for money also depends
on the nominal interest rate. In particular money demand is decreasing
in the nominal interest rate. The reason is that money is a nonrinterest-
bearing asset. As a result, the opportunity cost of holding noney is the
nominal interest rate on alternative interest-bearing liquid assets such as
time deposits, government bonds, and money market mutual fads. Thus,
the higher the nominal interest rate the lower is the demand br real money

balances. Formally, we assume a money demand function of thierm:

— = L(C;iy); (10.4)

where C denotes consumption andi; denotes the domestic nominal interest

rate in period t. The function L is increasing in consumption and decreas-
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ing in the nominal interest rate. We assume that consumptionis constant
over time. Therefore C does not have a time subscript. We indicate that
consumption is constant by placing a bar overC. The money demand func-
tion L( ; ) is also known as theliquidity preference function. Those readers
interested in learning how a money demand like equation (1@L) can be de-
rived from the optimization problem of the household should consult the

appendix to this chapter.

10.2.2 Purchasing power parity (PPP)

Because in the economy under consideration there is a singteaded good
and no barriers to international trade, purchasing power paity must hold.

Let P; be the domestic currency price of the good in period, P; the foreign
currency price of the good in periodt, and E; the nominal exchange rate
in period t, de ned as the price of one unit of foreign currency in terms @

domestic currency. Then PPP implies that in any period t

Pt = EtPt

For simplicity, assume that the foreign currency price of the good is constant
and equal to 1 (P; =1 for all t). In this case, it follows from PPP that the

domestic price level is equal to the nominal exchange rate,

P = E¢: (105)
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Using this relationship, we can write the liquidity preference function (10.4)
as
Mt

B - L(C;it); (10.6)

10.2.3 The interest parity condition

In this economy, there is no uncertainty and free capital molility. Thus, the
gross domestic nominal interest rate must be equal to the gres world nomi-
nal interest rate times the expected gross rate of devaluatin of the domestic
currency. This relation is called the uncovered interest parity condition. For-
mally, let EF,; denote the nominal exchange rate that agents expect at time
t to prevail at time t + 1, and let i; denote the domestic nominal interest
rate, that is, the rate of return on an asset denominated in daonestic cur-
rency and held from periodt to period t + 1. Then the uncovered interest

parity condition is:
Ef
E¢

1+iy=(1+r) (10.7)

In the absence of uncertainty, the nominal exchange rate thawill prevail
at time t+ 1 is known at time t, so that EF,; = E+1. Then, the uncovered

interest parity condition becomes

Et+1
E¢

1+i¢=(Q1+r) (10.8)

This condition has a very intuitive interpretation. The lef t hand side is
the gross rate of return of investing 1 unit of domestic currexcy in a do-
mestic currency denominated bond. Because there is free cipl mobility,

this investment must yield the same return as investing 1 unt of domestic
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currency in foreign bonds. One unit of domestic currency bug 1=E; units
of the foreign bond. In turn, 1=E; units of the foreign bond pay (1+r )=E;
units of foreign currency in period t + 1, which can then be exchanged for

(1+ r )E(+1=E; units of domestic currency?

10.2.4 The government budget constraint

The government has three sources of income: real tax revengsigT;, money
creation, M M, 1, and interest earnings from holdings of international
bonds, E;r BY |, where BY ; denotes the government's holdings of foreign
currency denominated bonds carried over from period 1 into period t and
r is the international interest rate. Government bonds, Btg, are denomi-
nated in foreign currency and pay the world interest rater . The government
allocates its income to nance government purchasesP;G;, where G; de-
notes real government consumption of goods in period, and to changes
in its holdings of foreign bonds, E{(Bf B¢ ;). Thus, in period t, the

government budget constraint is

E«(Bf B )+ PGt = PTe+(My M 1)+ Eir BY

'Here two comments are in order. First, in chapter 6, we argued that free capital
mobility implies that covered interest rate parity holds. The di erence between covered
and uncovered interest rate parity is that covered interest rate parity uses the forward
exchange rate F; to eliminate foreign exchange rate risk, whereas uncoveredinterest rate
parity uses the expected future spot exchange rate, Ef.; . In general, F; and Ef,; are
not equal to each other. However, under certainty Fi = E{,; = E(+«1, so covered and
uncovered interest parity are equivalent. Second, in chapter 6 we further argued that free
capital mobility implies that covered interest parity must  hold for nominal interest rates.
However, in equation (10.7) we used the world real interest rate r . In the context of
our model this is okay because we are assuming that the foreign price level is constant
(P =1) so that, by the Fisher equation (6.2), the nominal world i nterest rate must be
equal to the real world interest rate (i, = ry).



International Macroeconomics, Chapter 10 263

The left hand side of this expression represents the governemt's uses of
revenue and the right hand side the sources. Note thaB? is not restricted
to be positive. If B is positive, then the government is a creditor, whereas
if it is negative, then the government is a debtor? We can express the
government budget constraint in real terms by dividing the left and right
hand sides of the above equation by the price levelP;. After rearranging

terms, the result can be written as

M M
B B, = +—""1 G T rBY, (10.9)
The rst term on the right hand side measures the governments real revenue

from money creation and is calledseignorage revenug

. My My o1
seignorage revenue =5

t
The second term on the right hand side of (10.9) is the di ererce between
government expenditures and income from the collection ofdxes and from
interest payments on interest-bearing assets. This term iscalled real sec-

ondary de cit and we will denote it by DEF,
DEF{=(Gy T r B,

The di erence between government expenditures and tax reveues G; Ty)

is called primary de cit . Thus, the secondary government de cit equals the

2Note that the notation here is dierent from the one used in ch apter 5, where B/
denoted the level of government debt.
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di erence between the primary de cit and interest income from government
holdings of interest bearing assets.
Using the de nition of secondary de cit and the fact that by P PP P; =

E:, the government budget constraint can be written as

Me M
BY Bgl:tTtl DEF, (10.10)

This equation makes it transparent that a scal de cit ( DEF{ > 0) must be
associated with money creation M; M 1 > 0) or with a decline in the
government's holdings of assetsg? BJ ; < 0), or both. To complete the
description of the economy, we must specify the exchange ratregime, to

which we turn next.

10.2.5 A xed exchange rate regime

Under a xed exchange rate regime, the government interveng in the foreign
exchange market in order to keep the exchange rate at a xed hel. Let that
xed level be denoted by E. Then E; = E for all t. When the government
pegs the exchange rate, the money supply becomes an endogeswariable
because the central bank must stand ready to exchange domastfor foreign
currency at the xed rate E. Given the nominal exchange rateE, the PPP
condition, given by equation (10.5), implies that the price level, P, is also
constant and equal to E for all t. Because the nominal exchange rate is
constant, the expected rate of devaluation is zero. This impes, by the
interest parity condition (10.8), that the domestic nhominal interest rate, i,

is constant and equal to the world interest rater . It then follows from the
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liquidity preference equation (10.6) that the demand for naminal balances is
constant and equal toEL (C;r ). Since in equilibrium money demand must
equal money supply, we have that the money supply is also cotent over
time: My = M 1 = EL(C;r ). Using the fact that the money supply is

constant, the government budget constraint (10.10) becomg

B BJ,= DEF, (10.11)

In words, when the government pegs the exchange rate, it loseone source
of revenue, namely, seignorage. Therefore, scal de cits mst be entirely

nanced through the sale of interest bearing assets.

Fiscal de cits and the sustainability of currency pegs

For a xed exchange rate regime to be sustainable over time,tiis necessary
that the government displays scal discipline. To see this, suppose that the
government runs a perpetual secondary de cit, sayDEF; = DEF > O for

all t. Equation (10.11) then implies that government assets aredlling over
time (B BJ, = DEF < 0). At some point B{ will become negative,
which implies that the government is a debtor. Suppose that here is an
upper limit on the size of the public debt. Clearly, when the public debt

hits that limit, the government is forced to either eliminat e the scal de cit

(i.e., setDEF = 0) or abandon the exchange rate peg. The latter alternative
is called abalance of payments crisis We will analyze balance of payments

crises in more detail in section 10.3.
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The scal consequences of a devaluation

Consider now the e ects of a once-and-for-all devaluation 6the domestic
currency. By PPP, a devaluation produces an increase in the dmestic price
level of the same proportion as the increase in the nominal ehange rate.
Given the households' holdings of nominal money balances thincrease in
the price level implies that real balances will decline. This, a devaluation
acts as a tax on real balances. In order to rebuild their real blances,
households will sell part of their foreign bonds to the cental bank in return

for domestic currency. The net e ect of a devaluation is that the private

sector is made poorer because it ends up with the same level ifal balances
but with less foreign assets. On the other hand, the governnm bene ts

because it increases its holdings of interest bearing asset

To see more formally why a once-and-for-all devaluation of he domestic
currency generates revenue for the government, assume that period 1 the
government unexpectedly announces an increase in the nomahexchange
rate from E to E®> E, that is, E; = E%forallt 1. By the PPP
condition, equation (10.5), the domestic price level,P;, jumps up in period
1 from E to E%and remains at that level thereafter. Because the nominal
exchange rate is constant from period 1 on, the future rate ofdevaluation
is zero, which implies, by the interest rate parity condition (10.8), that the
domestic nominal interest rate is equal to the world intereg rate (i = r for
allt 1). Because the nominal interest rete was equal t@ before period
1, it follows that an unexpected, once-and-for-all devaluéion has no e ect

on the domestic nominal interest rate. The reason why the norinal interest
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rate remains unchanged is that it depends on theexpected future rather
than the actual rate of devaluation. In period 0, households did not expect
the government to devalue the domestic currency in period 1.Therefore,
the expected devaluation rate was zero and the nominal intezst rate was
equal tor . In period 1, households expect no further devaluations of e
domestic currency in the future, thus the nominal interest rate is also equal

to r from period 1 on.

Using the fact that the nominal interest rate is unchanged, the liquidity
preference equation (10.6) then implies that in period 1 thedemand for nom-
inal money balances increases fronEL (C;r ) to EL(C;r ). This means
that the demand for nominal balances must increase by the sam propor-
tion as the nominal exchange rate. Consider now the governnm budget

constraint in period 1.

B B-= 7M1EOM° DEF ;:
The numerator of the rst term on the right-hand side, M1 Mg, equals
EQL(C:r) EL(C;r), which is positive. Thus, in period 1 seignorage
revenue is positive. In the absence of a devaluation, seigrage revenue
would be nil because in that caseM; Mg = EL(C;r) EL(C;r) =
0. Therefore, a devaluation increases government revenua ithe period in
which the devaluation takes place. In the periods after the @valuation,
t = 2;3;4;:::, the nominal money demand, My, is constant and equal to

M; = EL(C;r ), sothat M{ M; ; =0 forall t 2 and seignorage

revenue is nil.
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10.2.6 Equilibrium under a oating exchange rate regime

Under a oating exchange rate regime, the nominal exchangeate is market
determined, that is, the nominal exchange rate is an endogesus variable.
We will assume that the central bank determines how much mong is in
circulation each period. Therefore, this monetary/excharge rate regime
is exactly the opposite to the one studied in subsection 10.8, where the
central bank xed the nominal exchange rate and let the quantty of money

be market (or endogenously) determined.

Consider a speci ¢ monetary policy in which the central bank expands

the money supply at a constant, positive rate each period, so that

M :(1+ )Mt 1 (1012)

Our goal is to nd out how the endogenous variables of the mode such
as the nominal exchange rate, the price level, real balanceshe domestic
nominal interest rate, and so forth behave under the monetay/exchange
rate regime speci ed by equation (10.12). To do this, we willconjecture (or
guess) that in equilibrium the nominal exchange rate depreiates at the rate

. We will then verify that our guess is correct. Thus, we are gessing that

Et+1 — 14

E¢

Because PPP holds and the foreign price level is one (i.eR; = Ey), the



International Macroeconomics, Chapter 10 269

domestic price level must also grow at the rate of monetary epansion ,

Pr+1

=1+
Py

This expression says that, given our guess, the rate of in abn must equal
the rate of growth of the money supply. Panels (a) and (b) of gure 10.1
display annual averages of the rate of depreciation of the Agentine currency

Figure 10.1: Devaluation, in ation, and money growth. Argentina 1901-
2005
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visa-vis the U.S. dollar, the Argentine money growth rate, and the Argen-
tine in ation rate for the period 1901-2005. (We omitted the years 1984,
1985, 1989, 1990 where annual money growth rates exceeded04ferent.)
The data is roughly consistent with the model in showing that there exists
a close positive relationship between these three variabse?®

To determine the domestic nominal interest ratei;, use the interest parity

3strictly speaking, the model predicts that all points in bot h gures should lie on a
straight line, which is clearly not the case. The reason for t his discrepancy may be that the
model abstracts from a number of real world factors that a ec t the relationship between
money growth, in ation, and depreciation. For example, in t he model we assume that
there is no domestic growth, that all goods are traded, that P PP holds, and that foreign
in ation is constant.
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condition (10.8)

Et+1

1+i¢=(Q+r) 5
t

=@+ r)a+ )

which implies that the nominal interest rate is constant and increasing in
. When s positive, the domestic nominal interest rate exceeds theeal
interest rate r because the domestic currency is depreciating over time. We

summarize the positive relationship betweeni; and by writing
ig=1()

The notation i( ) simply indicates that i; is a function of . The func-
tion i( ) is increasing in . Substituting this expression into the liquidity

preference function (10.6) yields

I\é—: = L(C;i( )): (10.13)
Note that C is a constant and that because the money growth rate is
constant, the nominal interest rate i( ) is also constant. Therefore, the
right hand side of (10.13) is constant. For the money market b be in
equilibrium, the left-hand side of (10.13) must also be congnt. This will
be the case only if the exchange rate depreciates|grows|at t he same rate
as the money supply. This is indeed true under our initial cofecture that
E«+1=E{ = 1+ . Equation (10.13) says that in equilibrium real money
balances must be constant and that the higher the money growh rate the

lower the equilibrium level of real balances.
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Let's now return to the government budget constraint (10.10), which we

reproduce below for convenience

M M
B BY,= ' _"'1 DEF,
E¢
Let's analyze the rst term on the right-hand side of this expression, seignor-
age revenue. Using the fact thatM; = E{L(C;i( )) (equation (10.13)), we

can write

My My 1 _ EL(Chi( ) Et 1L(Csi())

Et Et

L(Ci( ) EtT'f“

Using the fact that the nominal exchange rate depreciates athe rate |, that
is, Et =(1+ )E{ 1, to eliminate E; and E; 1 from the above expression,

we can write seignorage revenue as

ML (i)

e T3 (10.14)

Thus, seignorage revenue is equal to the product of real batees,L (C;i( )),

and the factor = (1+ ).

The right hand side of equation (10.14) can also be interpredd as the
in ation tax . The idea is that in ation acts as a tax on the public's holdin gs
of real money balances. To see this, let's compute the change the real

value of money holdings from periodt 1 to periodt. In periodt 1 nominal
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money holdings areM; 1 which have a real value ofM; 1=P; ;. In period t
the real value ofM; 1 is My 1=P:. Therefore we have that the in ation tax

equalsM; =P 1 M 1=P;, or, equivalently,

Mt 1 Pt Pyg
Py 1 Py

in ation tax =

where M; 1=P; ; is the tax base and P; P: 1)=P; is the tax rate. Using
the facts that in our model real balances are equal toL(C;i( )) and that

Pi=P, 1 =1+ , the in ation tax can be written as
inationtax = L(C;i( )) 1+

which equals seignorage revenue. In general seignorage eaue and the
in ation tax are not equal to each other. They are equal in the special case
that real balances are constant over time, like in our model viaen the money

supply expands at a constant rate.

Because the tax base, real balances, is decreasing inand the tax rate,
=(1+ ), isincreasingin , itis not clear whether seignorage increases or de-
creases with the rate of expansion of the money supply. Whettr seignorage
revenue is increasing or decreasing in depends on the form of the liquidity
preference functionL( ; ) as well as on the level of itself. Typically, for
low values of seignorage revenue is increasing in. However, as gets
large the contraction in the tax base (the money demand) donmates the
increase in the tax rate and therefore seignorage revenuelfaas increases.

Thus, there exists a maximum level of revenuea government can collect
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from printing money. The resulting relationship between the growth rate of
the money supply and seignorage revenue has the shape of arvémted-U

and is called thein ation tax La er curve (see gure 10.2).

Figure 10.2: The La er curve of in ation

seignorage revenue

rate of growth of the money supply, m

In ationary nance

We now use the theoretical framework developed thus far to aalyze the link
between scal de cits, prices, and the exchange rate. Congler a situation in
which the government is running constant scal de cits DEF; = DEF > 0
for all t. Furthermore, assume that the government has reached its e
rowing limit and thus cannot nance the scal de cits by issu ing additional
debt, so that B B ;, must be equal to zero. Under these circumstances,
the government budget constraint (10.10) becomes

My My g

DEF =
=
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It is clear from this expression, that a country that has exhausted its ability
to issue public debt must resort to printing money in order to nance the
scal de cit. This way of nancing the public sector is calle d monetization

of the scal de cit . Combining the above expression with (10.14) we obtain

DEF = L(C:i( ))

T3 (10.15)

Figure 10.3 illustrates the relationship between scal de cits and the rate of

Figure 10.3: In ationary nance and the La er curve of inat ion
DEF* JV/////\\\\
DEF¢ A_ \

DEF}

0 mo me M

monetary expansion implied by this equation. The La er curve of in ation
corresponds to the right hand side of (10.15). The horizonthline plots the
left hand side (10.15), orDEF . There are two rates of monetary expansion,
1 and , that generate enough seignorage revenue to nance the sda
de cit DEF . Thus, there exist two equilibrium levels of monetary exparsion
associated with a scal de cit equal to DEF . In the 5 equilibrium, point

B in the gure, the rates of in ation and of exchange rate depreciation are
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relatively high and equal to ,, whereas in the 1 equilibrium, point A in

the gure, the rates of in ation and depreciation are lower and equal to ;.
Empirical studies show that in reality, economies tend to belocated on the
upward sloping branch of the La er curve. Thus, the more reaistic scenario

is described by point A.

Consider now the e ect of an increase in the scal de cit from DEF to
DEF 9> DEF . To nance the larger scal de cit, the government is forced
to increase the money supply at a faster rater. At the new equibrium,
point A% the rate of monetary expansion, 1°is greater than at the old
equilibrium. As a result, the in ation rate, the rate of depr eciation of the

domestic currency, and the nominal interest rate are all hidner.

The following numerical example provides additional insidit on the con-
nection between money creation and scal de cits. Suppose hat the liquid-

ity preference function is given by:

M 1+
_t: C It

E¢ it

Suppose that the government runs a scal de cit of 10% of GDP (DEF=Q =
0:1), that the share of consumption in GDP is 65% C=Q = 0:65), that the
world real interest rate is 5% per year f = 0:05), and that is equal to
0.2. The question is what is the rate of monetary expansion neessary to
monetize the scal de cit. Combining equations (10.2.6) and (10.15) and

using the fact 1 +i; =(1+ r )(1+ ) we have,

(1+r)a+ )
Q+r)@a+ ) 11+

DEF = C
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Divide the left and right hand sides of this expression byQ and solve for

to obtain

r (DEF=Q) 0:05 01

T @+r)( (C=Q (DEF=Q)) 105 (02 065 01) =0

The government must increase the money supply at a rate of 169%er year.
This implies that both the rates of in ation and depreciatio n of the domestic
currency in this economy will be 16% per year. The nominal inerest rate
is 21% per year. At a de cit of 10% of GDP, the La er curve is rat her at.

For example, if the government cuts the scal de cit by 1% of GDP, the

equilibrium money growth rate falls to 11%.

In some instances, in ationary nance can degenerate into typerin a-
tion. Perhaps the best-known episode is the German hyperiration of 1923.
Between August 1922 and November 1923, Germany experiencesh average
monthly in ation rate of 322 percent. #* More recently, in the late 1980s a
number of hyperin ationary episodes took place in Latin America and East-
ern Europe. One of the more severe cases was Argentina, whdhe in ation

rate averaged 66 percent per month between May 1989 and March990.

A hyperin ationary situation arises when the scal de citr eaches a level
that can no longer be nanced by seignorage revenue alone. Iterms of
gure 10.3, this would be the case if the scal de cit would be larger than
DEF |, the level of de cit associated with the peak of the La er curve. What

happens in practice is that the government is initially unaware of the fact

4A fascinating account of four Post World War | European hyper in ations is given in
Sargent, \The End of Four Big In ations," in Robert Hall, edi  tor, In ation: Causes and
E ects, The University of Chicago Press, Chicago, 1982.
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that no rate of monetary expansion will su ce to nance the de cit. In its

attempt to close the scal gap, the government accelerateshe rate of money
creation. But this measure is counterproductive because th government
has entered the downward sloping side of the La er curve. Thedecline in
seignorage revenue leads the government to increase the mmnsupply at
an even faster rate. These dynamics turn into a vicious cycléhat ends in
an accelerating in ationary spiral. The most fundamental step in ending
hyperin ation is to eliminate the underlying budgetary imb alances that are
at the root of the problem. When this type of structural scal reforms is
undertaken and is understood by the public, hyperin ation t ypically stops

abruptly.

Money growth and in ation in a growing economy

Thus far, we have considered the case in which consumption onstant over

time.® We now wish to consider the case that consumption is growing\er

time. Speci cally, we will assume that consumption grows ata constant rate
> 0, that is,

Civ1 =(1+ )Cy

We also assume that the liquidity preference function is of he form

L(Ct;ir) = Cil(iv)

5Those familiar with the appendix will recognize that the con stancy of consumption
is a direct implication of our assumption that the subjectiv e discount rate is equal to the
world interest rate, thatis, (1+ r )= 1. Itis clear from (10.19) that consumption will
grow over time only if (1 + r ) is greater than 1.
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where I( ) is a decreasing function® Consider again the case that the gov-
ernment expands the money supply at a constant rate > 0. As before, we
nd the equilibrium by rst guessing the value of the depreci ation rate and
then verifying that this guess indeed can be supported as anaqailibrium
outcome. Speci cally, we conjecture that the domestic curency depreciates

attherate (1+ )=(1+ ) 1, thatis,

Etsr _ 1+

E: 1+

Our conjecture says that given the rate of monetary expansia, the higher
the rate of economic growth, the lower the rate of depreciatbn of the domes-
tic currency. In particular, if the government wishes to keep the domestic
currency from depreciating, it can do so by setting the rate d monetary ex-
pansion at a level no greater than the rate of growth of consumtion ( ).

By interest rate parity,

Et+1

Et
1+ )
1+ )

(1+10y) 1+r)

a+r)

This expression says that the nominal interest rate is consant over time.

We can summarize this relationship by writing

ic=1i(; ); forallt

5Can you show that this form of the liquidity preference funct ion obtains when the
period utility function is given by In C; + In(M:=E;). Under this particular preference
speci cation nd the growth rate of consumption as a function of and 1+r .
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where the functioni(; )isincreasingin and decreasingin . Equilibrium
in the money market requires that the real money supply be eqal to the

demand for real balances, that is,

2= cddic )

t

The right-hand side of this expression is proportional to casumption, and
therefore grows at the gross rate 1+ . The numerator of the left hand side
grows at the gross rate 1+ . Therefore, in equilibrium the denominator of
the left hand side must expand at the gross rate (1 + )=(1+ ), which is

precisely our conjecture.

Finally, by PPP and given our assumption that P, = 1, we have that
the domestic price level,P;, must be equal to the nominal exchange rate,
E:. It follows that the domestic rate of in ation must be equal t o the rate

of depreciation of the nominal exchange rate, that is,

Pt Pr1_Er Erq_ 1+
Pb1  Etr1 1+

This expression shows that to the extend that consumption gowth is pos-
itive the domestic in ation rate is lower than the rate of monetary expan-
sion. The intuition for this result is straightforward. A gi ven increase in
the money supply that is not accompanied by an increase in thelemand for
real balances will translate into a proportional increase n prices. This is be-
cause in trying to get rid of their excess nominal money holdigs households

attempt to buy more goods. But since the supply of goods is untanged
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the increased demand for goods will be met by an increase in j@es. This
is a typical case of "more money chasing the same amount of gds." When
the economy is growing, the demand for real balances is alsaaying. That
means that part of the increase in the money supply will not erd up chasing

goods but rather will end up in the pockets of consumers.

10.3 Balance-of-payments crises

A balance of payments, or BOP, crisis is a situation in which the government
is unable or unwilling to meet its nancial obligations. The se di culties may
manifest themselves in a variety of ways, such as the failuréo honor the
domestic and/or foreign public debt or the suspension of curency convert-
ibility.

What causes BOP crises? Sometimes a BOP crisis arises as the- i
evitable consequence of unsustainable combinations of metary and scal
policies. A classic example of such a policy mix is a situatio in which a
government pegs the nominal exchange rate and at the same tieruns a
scal de cit. As we discussed in subsection 10.2.5, under a xed exchange
rate regime, the government must nance any scal de cit by r unning down
its stock of interest bearing assets (see equation (10.11))Clearly, to the
extent that there is a limit to the amount of debt a government is able to
issue, this situation cannot continue inde nitely. When th e public debt hits
its upper limit, the government is forced to change policy. One possibility is
that the government stops servicing the debt (i.e., stops pging interest on

its outstanding nancial obligations), thereby reducing t he size of the sec-
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ondary de cit. This alternative was adopted by Mexico in Aug ust of 1982,
when it announced that it would be unable to honor its debt commitments
according to schedule, marking the beginning of what today $ known as the
Developing Country Debt Crisis. A second possibility is that the govern-
ment adopt a scal adjustment program by cutting government spending
and raising regular taxes and in that way reduce the primary ce cit. Fi-
nally, the government can abandon the exchange rate peg andesort to
monetizing the scal de cit. This has been the fate of the vast majority
of currency pegs adopted in developing countries. The econaic history of
Latin America of the past two decades is plagued with such epiodes. For
example, the currency pegs implemented in Argentina, Chileand Uruguay
in the late 1970s, also known adablitas, ended with large devaluations in
the early 1980s; similar outcomes were observed in the Argéne Austral
stabilization plan of 1985, the Brazilian Cruzado plan of 186, the Mexican
plan of 1987, and, more recently the Brazilian Real plan of 194.

An empirical regularity associated with the collapse of xed exchange
rate regimes is that in the days immediately before the peg isbandoned, the
central bank looses vast amounts of reserves in a short peroof time. The
loss of reserves is the consequence of a run by the public agsi the domestic
currency in anticipation of the impending devaluation. The stampede of
people trying to massively get rid of domestic currency in exhange for
foreign currency is driven by the desire to avoid the loss of @al value of
domestic currency denominated assets that will take place Wwen the currency

is devalued.

The rst formal model of the dynamics of a xed exchange rate mllapse



282 S. Schmitt-Grole and M. Uribe

is due to Paul R. Krugman of Princeton University.’ In this section, we
will analyze these dynamics using the tools developed in sgons 10.2.5 and
10.2.6. These tools will helpful in a natural way because, fsm an analytical
point of view, the collapse of a currency peg is indeed a trarton from a

xed to a oating exchange rate regime.

Consider a country that is running a constant scal decit DEF > 0
each period. Suppose that in period 1 the country embarks in acurrency
peg. Speci cally, assume that the government xes the nomiral exchange
rate at E units of domestic currency per unit of foreign currency. Supose
that in period 1, when the currency peg is announced, the govament has a
positive stock of foreign assets carried over from period 038 > 0. Further,
assume that the government does not have access to credit. Hhis, the
government asset holdings are constrained to being nonnetee, or B 0
for all t. It is clear from our discussion of the sustainability of curency pegs
in subsection 10.2.5 that, as long as the currency peg is in ect, the scal
de cit produces a continuous drain of assets, which at some gint will be
completely depleted. Put di erently, if the scal decit is not eliminated,
at some point the government will be forced to abandon the curency peg
and start printing money in order to nance the de cit. Let T denote the
period in which, as a result of having run out of reserves, thegovernment

abandons the peg and begins to monetize the scal de cit.

The dynamics of the currency crisis are characterized by thee distinct

phases. (1) The pre-collapse phase: during this phase, wiiid¢asts fromt = 1

"The model appeared in Paul R. Krugman, \A Model of Balance-of -Payments Crisis,"
Journal of Money, Credit and Banking, 11, 1979, 311-325.
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tot=T 2, thecurrency pegisin e ect. (2) The BOP crisis: It takes place
inperiodt =T 1, and is the period in which the central bank faces a run
against the domestic currency, resulting in massive lossas foreign reserves.
(3) The post-collapse phase: It encompasses the period from= T onwards
In this phase, the nominal exchange rate oats freely and thecentral bank
expands the money supply at a rate consistent with the monetzation of the

scal de cit.

(1) The pre-crisis phase: from t=1tot=T 2

From period 1 to period T 2, the exchange rate is pegged, so the variables
of interest behave as described in section 10.2.5. In partitar, the nominal
exchange rate is constant and equal t& , thatis, E; = Efort =1;2;:::;T

2. By PPP, and given our assumption that P, =1, the domestic price level
is also constant over time and equal toE (P; = E fort =1;2;:::;T 2).
Because the exchange rate is xed, the devaluation ratel; E:; 1)=E; 1,is
equal to 0. The nominal interest, iy, which by the uncovered interest parity
condition satises 1 + iy = (1 + r )E{+1=E¢, is equal tor . Note that the
nominal interest rate in period T 2 is also equal tor because the exchange

rate peg is still in place in period T 1. Thus,ii=r fort=1;2;:::;T 2.

As discussed in section 10.2.5, by pegging the exchange ratke gov-
ernment relinquishes its ability to monetize the de cit. Th is is because the
nominal money supply, M, which in equilibrium equals EL (C;r ), is con-

stant, and as a result seignorage revenue, given byM; M 1)=E, is nil.
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Consider now the dynamics of foreign reserves. By equationl(Q.11),
Bf BJ,= DEF; fort=1;2:::T 2.

This expression shows that the scal de cit causes the cental bank to lose
DEF units of foreign reserves per period. The continuous loss akserves
in combination with the lower bound on the central bank's assts, makes it
clear that a currency peg is unsustainable in the presence gfersistent scal

imbalances.

(3) The post-crisis phase: from t= T onwards

The government starts period T without any foreign reserves B% ;1 =0).
Given our assumptions that the government cannot borrow (that is, BY
cannot be negative) and that it is unable to eliminate the scal de cit,
it follows that in period T the monetary authority is forced to abandon
the currency peg and to print money in order to nance the scal de cit.
Thus, in the post-crisis phase the government lets the exchage rate oat.
Consequently, the behavior of all variables of interest is dentical to that
studied in subsection 10.2.6. In particular, the governmeh will expand
the money supply at a constant rate that generates enough seignorage
revenue to nance the scal de cit. In section 10.2.6, we deduced that is

determined by equation (10.15),

DEF = L(C:i( ))

1+
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Note that because the scal de cit is positive, the money growth rate must
also be positive. In the post-crisis phase, real balance$/=E; are constant
and equal toL(C;i( )). Therefore, the nominal exchange rate,E;, must
depreciate at the rate . Because in our modelP; = Et, the price level also
grows at the rate , that is, the in ation rate is positive and equal to
Finally, the nominal interest rate satises 1+ iy = (1+ r )(1+ ). Let's
compare the economy's pre- and post-crisis behavior. The st thing to note
is that with the demise of the xed exchange rate regime, pri@ level stability
disappears as in ation sets in. In the pre-crisis phase, theate of monetary
expansion, the rate of devaluation, and the rate of in ation are all equal to
zero. By contrast, in the post-crisis phase these variableare all positive and
equal to . Second, the sources of de cit nance are very di erent in each of
the two phases. In the pre-crisis phase, the de cit is nanceal entirely with
foreign reserves. As a result, foreign reserves display aestdy decline during
this phase. On the other hand, in the post-crisis phase the sal de cit is
nanced through seignorage income and foreign reserves amonstant (and
in our example equal to zero). Finally, in the post-crisis prase real balances
are lower than in the pre-crisis phase because the nominal ferest rate is

higher.

(2) The BOP crisis: period T 1

In period T 1, the exchange rate peg has not yet collapsed. Thus, the
nominal exchange rate and the price level are both equal tde, that is
E+ 1= Pt 1= E. However, the nominal interest rate is notr , as in the

pre-crisis phase, because in period 1 the public expects a depreciation of
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Figure 10.4: The dynamics of a balance-of-payments crisis
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the domestic currency in periodT. The rate of depreciation of the domestic
currency between periodsT 1andT is ,thatis, (Et Et 1)=E1 1= .8
Therefore, the nominal interest rate in period T 1 jumps up to its post-
crisislevelit 1 =@+ r )(1+ ) 1=i( ). As aresult of the increase in

the nominal interest rate real balances fall inT 1 to their post-crisis level,

8For technically inclined readers: To see that (Er Et 1)=Er 1 = , use the fact
that in T 1 real balances are given byMt 1=Et 1 = L(C;(1+ r )Er=Er 1 1)
and that in period T the government budget constraint is DEF = L(C;i( ))

(Mt 1=Etv 1)(Er 1=Et). These are two equations in two unknowns, Mt 1=Er 1 and
Er=Er 1. IfwesetEr=Er 1 =1+ , then the two equations collapse to (10.15) indi-
cating that Ev=Etr 1 =1+ and Mt 1=Et 1= L(C;i( )) are indeed the solution.
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thatis, Mt 1=E = L(C;i( )). Because the nominal exchange rate does not
change in periodT 1, the decline in real balances must be brought about
entirely through a fall in nominal balances: the public runs to the central
bank to exchange domestic currency for foreign reserves. Tis, in period
T 1 foreign reserves at the central bank fall by more thanDEF . To see
this more formally, evaluate the government budget constrant (10.10) at

t=T 1toget

_ Mt 1 M7,
B, BY, = ——— DEF

L(C;i( ) L(C;r) DEF

N

DEF

The second equality follows from the fact that Mt 1=E = L(C;i( )) and
Mt o=E = L(C;r ). The inequality follows from the fact that i( ) =
(+r )@+ ) 1>r andthe fact that the liquidity preference function
is decreasing in the nominal interest rate. The above expreson formalizes
Krugman's original insight on why the demise of currency peg is typically
preceeded by a speculative run against the domestic curregcand large
losses of foreign reserves by the central bank: Even thoughhé exchange
rate is pegged inT 1, the nominal interest rate rises in anticipation of
a devaluation in period T causing a contraction in the demand for real
money balances. Because in period 1 the domestic currency is still
fully convertible, the central bank must absorb the entire decline in the
demand for money by selling foreign reserves. Figure 10.4ades this section

by providing a graphical summary of the dynamics of Krugmantype BOP
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crises.

10.4 Appendix: A dynamic optimizing model of

the demand for money

In this section we develop a dynamic optimizing model undening the lig-
uidity preference function given in equation (10.6). We motvate a demand
money by assuming that money facilitates transactions. We apture the fact
that money facilitates transactions by simply assuming tha agents derive
utility not only from consumption of goods but also from holdings of real
balances. Speci cally, in each period = 1;2; 3;::: preferences are described

by the following single-period utility function,

M
Co+z =t
u(Cy) + z P

where C; denotes the household's consumption in period and M=P; de-
notes the household's real money holdings in period. The functions u()
and z( ) are strictly increasing and strictly concave functions (u°> 0, z°> 0,

u%< 0, 2% 0).

Households are assumed to be in nitely lived and to care aboutheir
entire stream of single-period utilities. However, househblds discount the
future by assigning a greater weight to consumption and reamoney holdings

the closer they are to the present. Speci cally, their lifetime utility function
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M M M
U(Ct)+ 7 _t + U(Ct+1)+ 7 t+1 2 t+2
Py t+1 t+2

Here is a number greater than zero and less than one called thsubjective
discount factor." The fact that households care more about the present than

about the future is re ected in  being less than one.

Let's now analyze the budget constraint of the household. Inperiod t,
the household allocates its wealth to purchase consumptiorgoods, P;C;,
to hold money balances,M;, to pay taxes, P;T;, and to purchase interest
bearing foreign bonds, E;Bf. Taxes are lump sum and denominated in
domestic currency. The foreign bond is denominated in forgn currency.
Each unit of foreign bonds costs 1 unit of the foreign currenyg, so each unit
of the foreign bond costsE; units of domestic currency. Foreign bonds pay
the constant world interest rate r in foreign currency. Note that because
the foreign price level is assumed to be constant;, is not only the interest
rate in terms of foreign currency but also the interest rate n terms of goods.
That is, r is the real interest rate.® The superscript p in BP, indicates
that these are bond holdings ofprivate households, to distinguish them
from the bond holdings of the government, which we will introduce later.
In turn, the household's wealth at the beginning of periodt is given by
the sum of its money holdings carried over from the previous priod, M 1,

bonds purchased in the previous period plus interestE¢(1 + r )BtIO 1, and

9The domestic nominal and real interest rates will in general not be equal to each other
unless domestic in ation is zero. To see this, recall the Fisher equation (6.2). We will
return to this point shortly.
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income from the sale of its endowment of goods€?; Q;, where Q; denotes the
household's endowment of goods in period. This endowment is assumed
to be exogenous, that is, determined outside of the model. Té budget

constraint of the household in periodt is then given by:
PiCt+ M+ P Te+ E{BP = My 1+(1+ r )E{BY | + PiQ; (10.16)

The left hand side of the budget constraint represents the uss of wealth
and the right hand side the sources of wealth. The budget congint is

expressed in nominal terms, that is, in terms of units of domstic currency.
To express the budget constraint in real terms, that is, in urits of goods, we

divide both the left and right hand sides of (10.16) by P;, which yields

Mt = =
Ci+ —+ T4+ —BP= ——=——=+(1+7r)=BP  +
t P, t P t P, 1 Py ( )Pt t 1 Qt

Note that real balances carried over from periodt 1, M; 1=P; 1, appear
multiplied by P; 1=P;. In an in ationary environment, P; is greater than
P: 1, soin ation erodes a fraction of the household's real balanes. This loss
of resources due to in ation is called the in ation tax. The higher the rate
of in ation, the larger the fraction of their income households must allocate
to maintaining a certain level of real balances.

Recalling that P; equalsE;, we can eliminateP; from the utility function

and the budget constraint to obtain:

|V|t |V|t+1 IV|t+2

u(Cy) + z e T u(Cis1) + 2 + 2 U(Cz)+ 2
t

t+2
(10.17)

+1
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Mt 1

M
C + E—t+Tt+ BY = +(1+ r)BP  + Q (10.18)

t

Households chooséC;, M, and Bf SO0 as to maximize the utility func-
tion (10.17) subject to a series of budget constraints like {0.18), one for
each period, taking as given the time paths ofg;, T, and Q;. In choos-
ing streams of consumption, money balances, and bonds, theokhseholds
faces two tradeo s. The rst tradeo is between consuming to day and sav-
ing today to nance future consumption. The second tradeo is between

consuming today and holding money today.

Consider rst the tradeo between consuming one extra unit of the good
today and investing it in international bonds to consume the proceeds to-
morrow. If the household chooses to consume the extra unit ajoods today,
then its utility increases by uYC;). Alternatively, the household could sell
the unit of good for 1 unit of foreign currency and with the proceeds buy
1 unit of the foreign bond. In period t + 1, the bond pays 1+ r units of
foreign currency, with which the household can buy (1 +r ) units of goods.
This amount of goods increases utility in periodt +1 by (L + r )u{Ci+1).
Because households discount future utility at the rate , from the point of
view of period t, lifetime utility increases by (1 + r )Ju{Cis1). If the rst
alternative yields more utility than the second, the housetold will increase
consumption in period t, and lower consumption in periodt + 1. This will
tend to eliminate the di erence between the two alternatives because it will
lower u{C;) and increaseu{Ci+1 ) (recall that u( ) is concave, so thatuq ) is

decreasing). On the other hand, if the second alternative yélds more utility
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than the rst, the household will increase consumption in peiod t +1 and
decrease consumption in periodt. An optimum occurs at a point where
the household cannot increase utility further by shifting consumption across
time, that is, at an optimum the household is, in the margin, indi erent be-
tween consuming an extra unit of good today or saving it and casuming the
proceeds the next period. Formally, the optimal allocation of consumption
across time satis es

uXC) = L+ 1 )ulCi1) (10.19)

We will assume for simplicity that the subjective rate of discount equals

the world interest rate, that is,

(1+r)=1 (10.20)

Combining this equation with the optimality condition (10. 19) yields,

uqCt) = uACs1) (10.21)

Becauseu( ) is strictly concave, u ) is monotonically decreasing, so this
expressions implies thatC; = Ci4+1. This relationship must hold in all
periods, implying that consumption is constant over time. Let C be this

optimal level of consumption. Then, we have

Cit=Ci+1 =Cis2= =C

Consider now the tradeo between spending one unit of money b con-
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sumption and holding it for one period. If the household choges to spend
the unit of money on consumption, it can purchase £E; units of goods,
which yield uYC;)=E; units of utility. If instead the household chooses to
keep the unit of money for one period, then its utility in period t increases
by zZYM=E;)=E;. In period t + 1, the household can use the unit of money
to purchase EE;+1 units of goods, which provideuYC+1 )=E+1 extra utils.
Thus, the alternative of keeping the unit of money for one peiod yields
ZYM=E)=E; + u {Ci+1)=E+1 additional units of utility. In an optimum,
the household must be indi erent between keeping the extra uit of money

for one period and spending it on current consumption, that B,

ZAM=E) | uY(Cina) _ UYCY) (10.22)
Et Et+l Et .

Using the facts that uYC;) = uq{Ci+1) = uYC) and that =1=(1+r ) and

rearranging terms we have

M E
o Mt _ t
z7 — =u(C) 1 —m—— 10.23
E: 0( ) (1+ r )Et+1 ( )
Using the uncovered interest parity condition (10.8) we canwrite
M [
o Mt _ t
— =u{(C . 10.24
L ORE s (10.24)

This equation relates the demand for real money balancedVl=E;, to the
level of consumption and the domestic nominal interest rate Inspecting
equation (10.24) and recalling that both u and z are strictly concave, re-

veals that the demand for real balancesM=E;, is decreasing in the level of
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the nominal interest rate, i;, and increasing in consumption,C. This rela-
tionship is called the liquidity preference function. We write it in a compact
form as

Mt

E L(C;it)

which is precisely equation (10.6).
The following example derives the liquidity preference furction for a

particular functional form of the period utility function. Assume that
u(C)+ z(Mi=Ey) =In Ct + In(M=Ey):

Then we haveuqC) = 1=C and z{M=E;) = =(M=E;). Therefore, equa-

tion (10.24) becomes
1 it
M =E; C 1+i

The liquidity preference function can be found by solving this expression for
M=E;. The resulting expression is in fact the liquidity prefererce function
given in equation (10.2.6), which we reproduce here for corenience.

M, ip !

— = C .
E: 1+t

In this expression, M(=E; is linear and increasing in consumption and de-

creasing ini;.



