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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 accounts are com-
piled by the Bureau of Economic Analysis (BEA), which belongs to the
U.S. Department of Commerce. Up-to-date balance of payments data can
be found on the BEA’s website at http://www.bea.gov.

A country’s balance of payments has two main components: the current
account and the financial account. The current account records exports
and imports of goods and services and international receipts or payments
of income. Exports and income receipts enter with a plus and imports and
income payments enter with a minus. For example, if a U.S. resident buys
a smartphone from South Korea for $500, then the U.S. current account
goes down by $500. This is because this transaction represents an import

of goods worth $500.
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The financial account keeps record of sales of assets to foreigners and
purchases of assets located abroad. Thus, the financial account measures
changes in a country’s net foreign asset position. Sales of assets to foreigners
are given a positive sign and purchases of assets located abroad a negative
sign. For example, in the case of the import of the smartphone, if the U.S.
resident pays with U.S. currency, then a South Korean resident (Samsung) is
buying U.S. assets (currency) for $500, so the U.S. financial account receives
a positive entry of $500.1

The smartphone example illustrates a fundamental principle of balance-
of-payments accounting known as double-entry bookkeeping. Each transac-
tion enters the balance of payments twice, once with a positive sign and once
with a negative sign. To illustrate this principle with another example, sup-
pose that an Italian friend of yours comes to visit you in New York and stays
at the Lucerne Hotel. 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 account increases by $400. At the same time, the Lucerne

Hotel purchases a financial asset worth $400 (the promise of VISA-Italy to

!There is a third component of the Balance of Payments called the capital account.
This component is quantitatively insignificant in the United States, so we will ignore it.
It keeps record of international transfers of financial capital. The major types of entries in
the capital account are debt forgiveness and migrants’ transfers (goods and financial assets
accompanying migrants as they leave or enter the country). Although insignificant in the
United States, movements in the capital account can be important in other countries. For
instance, in July 2007 the U.S. Treasury Department announced that the United States,
Germany, and Russia will provide debt relief to Afghanistan for more than 11 billion
dollars. This is a significant amount for the balance of payments accounts of Afghanistan,
representing about 99 percent of its foreign debt obligations. But the amount involved in
this debt relief operation is a small figure for the balance of payments of the three donor
countries. The capital account also records payments associated with foreign insurance
contracts. For example, in the fourth quarter of 2012 net capital account receipts were
$7.2 billion reflecting receipts from foreign insurance companies for losses resulting from
Hurricane Sandy.
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pay $400), which decreases the U.S. financial account by $400.2

An implication of the double-entry bookkeeping methodology is that any
change in the current account must be reflected in an equivalent change in
the country’s financial account, that is, the current account equals the dif-
ference between a country’s purchases of assets from foreigners and its sales
of assets to them, which is the financial account preceded by a minus sign.
This relationship is known as the fundamental balance-of-payments

identity. Formally,

Current Account Balance = — Financial Account Balance.

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

as follows:

1. Current Account: net exports (i.e., difference between exports and
imports) of goods and services and net international income receipts.

(a) Trade Balance (or Balance on Goods and Services): dif-
ference between exports and imports of goods and services.

i. Merchandise Trade Balance (or Balance on Goods):
net exports of goods.

ii. Services Balance: Net receipts from items such as trans-
portation, travel expenditures, and legal assistance.

(b) Income Balance:

i. Net investment income: Difference between income re-
ceipts on U.S.-owned assets abroad and income payments
on foreign-owned assets in the United States. Includes in-
ternational interest and dividend payments and earnings of
domestically owned firms operating abroad.

ii. Net international compensation to employees This ac-
count measures U.S. compensation receipts from (1) earnings

2How does this transaction affect the Italian balance of payments accounts?
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of U.S. residents employed temporarily abroad, (2) earnings
of U.S. residents employed by foreign governments in the
United States, and (3) earnings of U.S. residents employed
by international organizations in the United States, which is
the largest of the three categories. This account also mea-
sures U.S. compensation payments to (1) Canadian and Mex-
ican workers who commute to work in the United States, (2)
foreign students studying at colleges and universities in the
United States, (3) foreign professionals temporarily residing
in the United States, (4) foreign temporary agricultural work-
ers in the United States, and (5) foreign temporary nonagri-
cultural workers in the United States. The largest categories
of compensation payments are payments to foreign tempo-
rary agricultural workers and to foreign temporary nonagri-
cultural workers.

(c¢) Net Unilateral Transfers: Difference between gifts (that is,
payments that do not correspond to purchases of any good, ser-
vice, or asset) received from the rest of the world and gifts made
by the United States to foreign countries. Over the past decade
private remittances have become a major component of Net Uni-
lateral Transfers. For example, payments by a Mexican citizen
residing in the United States to relatives in Mexico would enter
with a minus in the current account as they represent a payment
of someone residing in the U.S. to someone residing abroad. This
account also includes U.S. Government Grants which provide U.S.
government financing to transfer real resources or financial assets
to foreigners under programs enacted by the U.S. Congress for the
provision of nonmilitary and military foreign assistance (grants)
for which no repayment is expected.

2. Financial Account: Difference between sales of assets to foreigners
and purchases of assets from foreigners.

(a) U.S.-owned assets abroad consist of:

i. U.S. purchases and sales of foreign securities, U.S. bank lend-

ing to foreigners, and U.S. direct investment abroad.

(b) Foreign-owned assets held in the United States consist of:
i. Foreign purchases and sales of U.S. securities, U.S. bank bor-

rowing from foreigners, and foreign direct investment in the
United States.
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Transactions for financial derivatives are also recorded in the financial ac-
count.

The components of the current account are linked by the accounting

identity

Current Account Balance = Trade Balance
+ Income Balance

4+ 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 table 1.1. It
displays the U.S. current account for 2012. In that year, the United States
experienced large deficits in both the current account and the trade balance
of about half a trillion dollars, or about 3 percent of GDP. Current-account
and trade-balance deficits are frequently observed. In fact, as shown in
figure 1.1 the U.S. trade- and current-account balances have been in deficit
for more than 30 years. Moreover, during this period the observed current-
account and trade-balance deficits have been roughly equal to each other.
In 2012, the United States was a net importer of goods, with a mer-

chandise trade deficit of 4.7% of GDP and at the same time a net exporter
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Figure 1.1: The U.S. Trade Balance and Current Account As Percentages
Of GDP: 1960-2012
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Table 1.1: U.S. Current Account, 2012.
Billions Percentage
Item of dollars of GDP
Current Account -475.0 -3.0
Trade Balance -539.5 -3.4
Merchandise Trade Balance -735.3 4.7
Services Balance 195.8 1.2
Income Balance 198.6 1.3
Net Investment Income 206.2 1.3
Net International Compensation to Employees -7.6 -0.0
Net Unilateral Transfers -134.1 -0.9
Private Remittances -77.6 -0.5
U.S. Government Transfers -56.5 -0.4

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

of services, with a service balance surplus of 1.2% of GDP. The U.S. has
a comparative advantage in the production of human-capital-intensive ser-
vices, such as professional consulting, higher education, research and devel-
opment, and health care. At the same time, the U.S. imports basic goods,

such as primary commodities, textiles, and consumer durables.

The fact that in the United States the trade balance and the current
account have been broadly equal to each other in magnitude over the past
thirty years means that the sum of the other two components of the current
account, the income balance and net unilateral transfers, were close to zero
in most years. The year 2012 was a little bit atypical in that regard. The
income balance showed a surplus of $198 billion and net unilateral transfers

showed a deficit of $134 billion, accounting for the $65 difference between
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the current account and the trade balance.

In 2012, as in prior years, the United States made more gifts to other
nations than it received. About 60 percent of these gifts are remittances of
foreign workers residing in the U.S. to relatives in their countries of origin.
Typically foreign workers residing in the U.S. send much larger remittances
abroad than U.S. workers residing abroad send back to the United States.
For example, in 2009 personal transfers of U.S. immigrants to foreign res-
idents were $ 37,552 million (this would enter with a minus in the BOP)
but personal transfers from U.S. emigrants living abroad to U.S. residents
were only $ 766 million (those would enter with a minus sign in the BOP
accounts). That is net private remittances were almost the same as gross re-
mittances. Overall, net remittances is a small fraction of the U.S. balance of
payments. But, for some countries, net receipts of remittances can represent
a substantial source of foreign income. For example, in 2004 Mexico received
about 2.5 percent of GDP in net remittances. This source of income was
responsible for the fact that in that year Mexico’s current account deficit
was smaller than its trade deficit, despite the fact that Mexico, being a net
debtor to the rest of the world, had to make large international interest pay-
ments. In the United States net unilateral transfers have been negative ever
since the end of World War II, with one exception. In 1991, net unilateral
transfers were positive because of the payments the U.S. received from its
allies in compensation for the expenses incurred during the Gulf war.

The balance on the current account may be larger or smaller than the
balance on the trade account. Also, both the trade balance and the cur-

rent account may be positive or negative and they need not have the same
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Table 1.2: Trade Balance and Current Account as Percentages of GDP in
2005 for Selected Countries

Country TB/GDP CA/GDP
Argentina 5.9 2.9
China 5.5 5.9
Ireland 11.7 -3.5
Mexico -14 -1.0
Philippines -5.6 1.9
United States -5.5 -5.6

Source: World Development Indicators. Available online at
http://databank.worldbank.org. Note: CA denotes current
account, and TB denotes trade balance.

sign. Figure 1.2 illustrates this point. It displays the trade balance and the
current account as percentages of GDP in 2005 (T'B/GDP and CA/GDP,
respectively) for 102 countries. The space (TB/GDP,CA/GDP) is divided
into six regions, depending on the signs of the current account and the trade
balance and on their relative magnitudes. Table 1.2 extracts six countries
from this group with CA/GDP and TB/GDP pairs located in different

regions.

Argentina is an example of a country that in 2005 ran trade-balance and
current-account surpluses, with the trade balance exceeding the current-
account. The current account surplus was smaller than the trade balance
surplus because of interest payments that the country made on its external
debt, which caused the income balance to be negative. Historically, Ar-
gentina’s foreign interest obligations have been larger than the trade balance

resulting in negative current account balances. However, in 2001, Argentina



10 S. Schmitt-Grohé and M. Uribe

Figure 1.2: Trade Balances and Current Account Balances Across Countries
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count balance. There are 102 countries included in the sample.
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defaulted on much of its external debt thereby reducing its net interest pay-
ments on foreign debt.

Like Argentina, China displays both a current-account and a trade-
balance surplus. However, unlike Argentina, the Chinese current-account
surplus is larger than its trade-balance surplus. This difference 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 investment income.

The Philippines provides an example of a country with a current ac-
count surplus in spite of a sizable trade-balance deficit. The positive current
account balance is the consequence of large personal remittances received
(amounting to 13 percent of GDP in 2005) from overseas Filipino workers.

Mexico, the United States, and Ireland all experienced current-account
deficits in 2005. In the case of Mexico and the United States, the current-
account deficits were associated with trade deficits of about equal sizes. In
the case of Mexico, the current-account deficit was slightly smaller than the
trade deficit because of remittances received from Mexicans working in the
United States. These very same remittances explain to some extent why the
United States current account deficit exceeded its trade deficit.

Finally, the current-account deficit in Ireland was accompanied by a
large trade surplus of about 11.7 percent of GDP. In the 1980s, Ireland
embarked on a remarkable growth path that earned it the nickname ‘Celtic
Tiger.” This growth experience was financed largely through foreign capital
inflows. Gross foreign liabilities in 2005 were about 10 times as large as one
annual GDP. Foreign assets were also very large so that the net international

investment position of Ireland in 2005 was ‘only’ -20 percent of GDP. The
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positive trade balance surplus of 2005 reflects mainly Ireland’s effort to pay
income on its large external obligations.

It is evident from figure 1.2 that most (TB/GDP, CA/GDP) pairs fall
around the 45-degree line. This means that for many countries the trade
balance and the current account are of the same sign and of roughly the
same magnitude. This clustering around the 45-degree line suggests that
for many countries, including the United States, the trade balance is the

main determinant of the current account.

1.3 The Current Account and the Net Interna-

tional Investment Position

One reason why the concept of Current Account Balance is economically
important is that it reflects a country’s net borrowing needs. For example,
as we saw earlier, in 2012 the United States ran a current account deficit
of 475 billion dollars. To pay for this deficit, the country must have either
reduced part of its international asset position or increased its international
liability position or both. In this way, the current account is related to
changes in a country’s net international investment position. The term
Net International Investment Position (NIIP) is used to refer to a country’s
net foreign wealth, that is, the difference between the value of foreign assets
owned by the country’s residents and the value of the country’s assets owned
by foreigners. NIIP is a stock while the current account (CA) is a flow.
The net international investment position can change for two reasons.

One is deficits or surpluses in the current account, which imply, respectively,
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net international purchases or sales of assets. The other source of changes in
the NIIP is changes in the price of the financial instruments that compose

the country’s international asset and liability positions. So we have that

ANIIP = CA + valuation changes,

where the symbol A denotes change.

We will study the significance of price changes (or valuation changes)
in the next section. In the absence of valuation changes, the level of the
current account must equal the change in the net international investment

position.

Figure 1.3 shows the U.S. current account balance and net international
investment position since 1976. Notice that the U.S. NIIP was positive at
the beginning of the sample. In the early 1980s a long sequence of current
account deficits emerged that eroded the net foreign wealth of the United
States. And in 1987, the nation became a net debtor to foreigners for the
first time since World War I. The U.S. current account deficits did not stop
in the 1990s however. By the end of that decade, the United States had
become the world’s largest foreign debtor. Current account deficits contin-
ued to expand for twenty five years. Only shortly before the onset of the
Great Recession of 2008, did this trend stop and current account deficits
became smaller in magnitude. By the end of 2012, the net international
investment position of the United States stood at -3.9 trillion dollars or 25
percent of GDP. This is a big number, and many economist wonder whether

the observed downward trend in the net foreign investment position is sus-
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Figure 1.3: The U.S. Current Account (CA) and Net International Invest-
ment Position (NIIP)
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tainable 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, Southeast Asian countries in the
1990s, and more recently peripheral European countries, have experienced
sudden reversals in international capital flows that were followed by costly
financial and economic crises. Indeed the 2008 financial meltdown in the

United States has brought this issue to the fore.

1.4 Valuation Changes and the Net International

Investment Position

We saw earlier that a country’s net international investment position can
change either because of current account surpluses or deficits or because of
changes in the value of its international asset and liability positions.

To understand how valuation changes can alter a country’s NIIP, con-
sider the following hypothetical example. Suppose a country’s international
asset position, denoted A, consists of 25 shares in the Italian company Fiat.
Suppose the price of each share in Fiat is 2 euros. Then we have that the

foreign asset position measured in euros is 25 x 2 = 50 euro. Suppose the

3As dramatic as it may seem, the U.S. current account experience since the 1980s is
not historically unprecedented. Throughout the 19th century the United States was a net
foreign debtor country. It was only after the first World War that the U.S. became a net
foreign creditor. Large and persistent current account imbalances were common in the
period 1870-1914. Countries in Western Europe experienced massive capital outflows, i.e.,
current account surpluses, and Australia and the Americas experienced massive capital
inflows, i.e., current account deficits. In fact, the capital flows observed between 1870
and 1914 were as persistent but even larger in size than the global current account imbal-
ances observed since the 1980s. (see Chapter III, of the 2005 World Development Report
published by the International Monetary Fund, Washington, April 2005).
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country’s international liabilities, denoted L, consist of 80 units of bonds is-
sued by the local government and held by foreigners. Suppose that the price
of local bonds is $1 per unit, where the dollar is the local currency. Then we
have that total foreign liabilities are L = 80 x 1 = 80 dollars. Assume further
that the exchange rate is 2 dollar per euro. Then, the country’s foreign asset
position, measured in dollars is A = 50 x 2 = 100. The country’s NIIP is
given by the difference between its international asset position, A, and its in-
ternational liability position, L, or NIIP = A— L = 100—80 = 20. Suppose
now that the euro suffers a significant depreciation, losing half of its value
relative to the dollar. The new exchange rate is 1 dollar per euro. Since the
country’s international asset position is denominated in euros, its value in
dollars automatically falls. Specifically, its new value is A’ = 50 x 1 = 50 dol-
lars. The country’s international liability position measured in dollars does
not change, because it is composed of instruments denominated in the local
currency. As a result, the new NIIP is NIIP' = A’ — L' = 50 — 80 = —30.
It follows that just because of a movement in the exchange rate, the country
went from being a net creditor of the rest of the world to being a net debtor.
This example illustrates that an appreciation of the domestic currency can

reduce the net foreign asset position.

Consider now the effect an increase in foreign stock prices has on the net
foreign asset position of the domestic country. Specifically, suppose that the
price of Fiat stock jumps up to 7 euros. This price change increases the value
of the country’s asset position to 25 x 7 = 175 euros, or at an exchange rate
of 1 dollars per euro to 175 dollar. The country’s international liabilities do

not change in value, because they do not contain shares in Fiat. The NIIP
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then turns positive again and equals 175 — 80 = 95 dollars. This shows that
an increase in foreign stock prices can improve a country’s net international
investment position.

Finally, suppose that, because of a successful fiscal reform in the domestic
country, the price of local government bonds increases from 1 to 1.5 dollars.
In this case, the country’s gross foreign asset position remains unchanged,
but its international liability position jumps up to 80 x 1.5 = 120 dollars.
As a consequence, the NIIP falls by 40 dollars to 55 dollars. These examples
show how a country’s net international investment position can display large
swings solely because of movements in asset prices or exchange rates.

Valuation changes have been an important source of movements in the
NIIP of the United States, especially in the past two decades. Take a look
at figure 1.4. It plots changes in the U.S. net international investment posi-

tion as a fraction of GDP, AéVDIIIDP , against the U.S. current account balance

as a fraction of GDP, GCTiD' There are 36 observations, one for each year

for the period 1977 and 2012. The figure also displays with a solid line the

45-degree line. Observations for the pair (GCT$, AéVDIIIDP ) located below the
45-degree line correspond to years in which valuation changes were negative
and observations located above the 45-degree line correspond to years in
which valuation changes were positive. The figure shows that positive valu-
ation changes have been observed more frequently than negative valuation
changes. Of particular interest is the period leading to the great recession
of 2008. The period 2002-2007 exhibited the largest current account deficits
since 1976. In each of these years, the current account deficit exceeded 4

percent of GDP, with a cumulative deficit of 3.9 trillion dollars, or 32 percent
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Figure 1.4: The U.S. CA and Changes in the NIIP: 1977-2012
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of GDP. Nevertheless, the net international investment position actually in-
creased by 0.08 trillion dollars. So in the period 2002-2007 there is a huge
discrepancy of almost $4 trillion between the accumulated current account
balances and the change in the NIIP. This discrepancy is due to increases
in the market value of U.S.-owned foreign assets relative to foreign-owned
U.S. assets. Without this lucky strike, the U.S. net foreign asset position in
2007 would have been an external debt of about 43 percent of GDP instead

of the actual 13 percent.

Another way to visualize the importance of valuation changes, is to com-
pare the actual NIIP with the one that would have obtained in the absence
of any valuation changes. Figure 1.5 plots the NIIP and the hypothetical

NIIP that would have occurred if no valuation changes had taken place since
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Figure 1.5: The U.S. NIIP and the Hypothetical NIIP with No Valuation
Changes Since 1976
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Note: the actual NIIP data are from the Bureau of Economic Analysis.
The hypothetical NITP with no valuation changes for a given year is
computed as the sum of the NIIP for 1976 and the cumulative sum of
current account balances from 1977 until the year in question.

1976. The hypothetical NIIP with no valuation changes for a given year is
computed as the sum of the NIIP for 1976 and the cumulative sum of cur-
rent account balances from 1977 until the year in question. It is clear from
the graph that valuation changes became a predominant determinant of the
NIIP around 2002.

What then caused the large change in the value of assets in favor of
the United States over the period 2002 and 20077 Milesi-Ferretti, of the

International Monetary Fund, decomposes this valuation change.* Because

4See Gian Maria Milesi-Ferretti, “A $2 Trillion Question,” VOX, January 28, 2009,
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valuation changes were positive during the period 2002-2007, U.S.-owned
assets abroad, which are mostly denominated in foreign currency, must have
increased in value by much more than foreign-owned U.S. assets, which are
mostly denominated in U.S. dollars. The factors behind these asymmet-
ric changes in value are twofold: First, the U.S. dollar depreciated rela-
tive to other currencies by about 20 percent in real terms. A depreciation
of the U.S. dollar increases the dollar value of foreign-currency denomi-
nated U.S.-owned assets, while leaving unchanged the dollar value of dollar-
denominated foreign-owned assets, thereby strengthening the U.S. NIIP.
Second, the stock markets in foreign countries significantly outperformed
the U.S. stock market. Specifically, a dollar invested in foreign stock mar-
kets in 2002 returned 2.90 dollars by the end of 2007. By contrast, a dollar
invested in the U.S. market in 2002, yielded only 1.90 dollars at the end of
2007. These gains in foreign equity resulted in an increase in the net equity
position of the U.S. from an insignificant level in 2002 of below $0.04 trillion
to $3 trillion by 2007.

The large valuation changes observed in the period 2002-2007, which
allowed the United States to run unprecedented current account deficits
without a concomitant deterioration of its net international investment po-
sition, came to an abrupt end in 2008. Look at the dot corresponding to
2008 in figure 1.4. Notice that it is significantly below the 45-degree line,
which indicates that in the year the NIIP of the United States suffered a
large valuation loss. The source of this drop in value was primarily the stock

market. In 2008 stock markets around the world plummeted. Because the

available online at http://www.voxeu.org.
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net equity position of the U.S. had gotten so large by the beginning of 2008
the decline in stock prices outside of the U.S. inflicted large losses on the

value of the U.S. equity portfolio.

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 of the world.
One would therefore expect that during this period the U.S. paid more
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 the
current account be negative (NI < 0). This is, however, not observed in
the data. Take a look at figure 1.6. It shows net investment income and the
net international investment position since 1976. NII is positive throughout
the sample, whereas NIIP has been negative since 1986. How could it be
that a debtor country, instead of having to make payments on its debt,

receives income on it? Here are two explanations.

1.5.1 Dark Matter

One explanation of this paradox, proposed by Ricardo Hausmann and Fed-

erico Sturzenegger, is that the Bureau of Economic Analysis may underes-
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Figure 1.6: Net Investment Income and the Net International Investment
Position (United States 1976-2012)
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timate the net foreign asset holdings of the United States.> One source of
underestimation could be that U.S. foreign direct investment contains in-
tangible human capital, such as entrepreneurial capital and brand capital,
whose value is not correctly reflected in the official balance-of-payments. At
the same time, the argument goes, this human capital invested abroad may
generate income for the U.S., which may be appropriately recorded. It thus
becomes possible that the U.S. could display a negative net foreign asset
position and at the same time positive net investment income. Hausmann
and Sturzenegger refer to the unrecorded U.S. owned foreign assets as dark
matter.

To illustrate the dark matter argument, suppose that McDonald’s opens
a restaurant in Moscow. The balance of payments will show an increase
in the U.S. foreign asset position equivalent to the amount McDonald’s in-
vested in land, structures, equipment, furniture, etc. However, the market
value of this investment may exceed the actual amount of dollars invested.
The reason is that the brand McDonald’s provides extra value to the goods
(burgers) the restaurant produces. It follows that in this case the balance
of payments, by not taking into account the intangible brand component
of McDonald’s foreign direct investment, would underestimate the U.S. in-
ternational asset position. On the other hand, the profits generated by the
Moscow branch of McDonald’s are observable and recorded, so they make
their way into the income account of the balance of payments.

According to the Hausmann-Sturzenegger hypothesis, how much dark

®See Hausmann Ricardo and Sturzenegger Federico, “U.S. and Global Imbalances:
Can Dark Matter Prevent a Big Bang?,” working paper CID (Center For International
Development), Harvard University, 2005.
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matter was there in 20107 Let TNIIP denote the ‘true’ net international

investment position and NIIP the recorded one. Then we have that

TNIIP = NIIP + Dark Matter

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

In this expression, we use TNIIP and not NIIP to calculate NII because,
according to the dark-matter hypothesis, the recorded level of NII appropri-
ately reflects the return on the true level of net international investment. In
2010, NII was 171.3 billion dollars (see table 1.1). Suppose that r is equal
to 5 percent per year. Then, we have that TNIIP = 171.3/0.05 = 3.4 tril-
lion dollars. Now the recorded NIIP in 2010 was -2.5 trillion dollars. This
means that dark matter in 2010 was about 6 trillion dollars. This is a very

big number to go under the radar of the Bureau of Economic Analysis!

1.5.2 Return Differentials

An alternative explanation for the paradoxical combination of positive NII
and negative NIIP is that there is no dark matter, but that the United States
earns a higher interest rate on its foreign asset holdings than foreigners earn
on their U.S. asset holdings. The rationale behind this explanation is the
observation that the U.S. international assets and liabilities are composed
of different types of financial instruments. Specifically, the data show that

foreign investors typically hold low-risk U.S. assets, such as Treasury Bills.
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These assets carry a low interest rate. At the same time, American investors
tend to purchase more risky foreign assets, such as foreign stocks, which earn

relatively high returns.

How big does the spread between the interest rate on U.S.-owned foreign
assets and the interest rate on foreign-owned U.S. assets have to be to explain
the paradox? Let A denote the U.S. gross foreign asset position and L the
U.S. gross foreign liability position. Further, let 74 denote the interest rate

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

NII =r3A —rLL

How big does the spread 74 —rL have to be to explained the observed values
of NII, A, and L with zero dark matter? We have data on the size of NII,
A and L. Figure 1.6 shows the behavior of NII and figure 1.7 displays
A;/GDP; and L;/GDP,; in the United States for the period 1976 to 2012.
The U.S. gross asset positions have grown very large since the 1990s from
about 40 percent of GDP to more than 160 percent of GDP in the case of
L; and 140 percent of GDP in the case of A;. Growth in the size of gross
positions has been much larger than the growth in the net position. Recall
that the net international investment position has fallen over this period
from about -5 percent of GDP to -30 percent of GDP.5 Suppose we set

I equal to the return on one-year U.S. Treasury securities. For example,

SMassive growth in gross foreign asset and gross foreign liabilities is a recent phe-
nomenon. As mentioned earlier several countries experienced large and persistent current
account balances in the period 1870 to 1914. However, an important difference to the
current period is that net foreign asset positions were very close to gross asset positions.
(See, WEO, IMF, April 2005, page 119.)
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Figure 1.7: U.S.-Owned Assets Abroad (A) and Foreign-Owned Assets in
the U.S. (L)
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in 2010, the U.S. gross foreign asset position (A) was 20.3 trillion dollars,
whereas its gross foreign liability position (L) was 22.8 trillion dollars. The
U.S. net investment income (NII) in that year was 191 billion and the rate
on one-year Treasury securities was 0.32 percent. Then using the above

expression, we have that r4 is the solution to

0.191 = r4 x 20.3 — 0.0032 x 22.8,

which yields 74 = 1.3%. That is, we need an interest rate spread of 1
percentage point to explain the paradox. This figure seems more empirically

plausible than 6 trillion dollars of dark matter.

1.6 Who Lends and Who Borrows Around the
World?

The large observed U.S. current account deficits must be matched by current
account surpluses of other countries with the United States. Over the past
decade, an increasing fraction of the U.S. current account deficit is accounted
for by current account deficits with China. Figure 1.8 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 been increasing
steadily, reaching a peak of 70 percent in 2009.

The expanding commercial relation between the United States and China
has reached a magnitude such that the respective total current accounts are

beginning to mirror each other. This phenomenon is evident from figure 1.9,
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Figure 1.8: The U.S. Current Account Deficit With China
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Figure 1.9: The Current Accounts of China and the United States
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which displays the current account balances of the United States and China
as fractions of their respective GDPs. Since the mid 1990s, the U.S. widen-
ing current account deficits have coincided with a growing path of Chinese
current account surpluses. Notice that the great recession of 2008-2009 was
associated with a significant improvement in the U.S. current account and

an equally important contraction in the Chinese current account surplus.

At a global level, all current account balances must add up to zero. It
follows that by accumulating the current account balances of each country

over time, we can obtain an idea of which countries have been playing the role
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of lenders and which the role of borrowers. The map in figure 1.10 presents
this information. It shows the cumulative current account of each country in
the world over the period 1980-2008. Cumulative surpluses appear in green
and cumulative deficits in red. Darker tones correspond to larger cumulative
deficits or surpluses. As expected, the U.S. appears in dark red and China in
dark green. More generally, the pattern that emerges is that over the past
three decades, the lenders of the world have been oil-exporting countries
(Russia, the Middle East, some Scandinavian countries, and Venezuela),
China, Japan, and Germany. The rest of the world has been borrowing
from these countries. One way to interpret the map is that it demonstrates
large global current account imbalances. If the long-run cumulative current
account of most countries was in balance, then the map should be filled in
with only light green and light red colors. The fact that the map has several
very dark green and very dark red spots is therefore an indication of global
current account imbalances. One may wonder how this map will look in
the future. Will the debtor countries get out of the red, that is, will large
current account deficits prove unsustainable? We take up this issue in the

next chapter.
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1.7 Exercises

1. Describe how each of the following transactions affects the U.S. Bal-

ance of Payments. (Recall that each transaction gives rise to two

entries in the Balance-of-Payments Accounts.)

(a)

(b)

An American university buys several park benches from Spain

and pays with a $120,000 check.

Floyd Townsend, of Tampa Florida, buys 5,000.00 dollars worth
of British Airlines stock from Citibank New York, paying with
U.S. dollars.

A French consumer imports American blue jeans and pays with

a check drawn on a U.S. bank in New York.

An American company sells a subsidiary in the United States and

with the proceeds buys a French company.

A group of American friends travels to Costa Rica and rents a

vacation home for $2,500. They pay with a U.S. credit card.

The United States sends medicine, blankets, tents, and nonper-
ishable food worth 400 million dollars to victims of an earthquake

in a foreign country.

Bonus items. The following two transactions involve a component
of the balance of payments that we have ignored because it is
quantitatively insignificant. If you decide to answer this question,

take a look at footnote 1 in the book.
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i. A billionaire from Russia enters the United States on an im-
migrant visa (that is, upon entering the United States she
becomes a permanent resident of the United States.) Her
wealth in Russia is estimated to be about 2 billion U.S. dol-

lars.

ii. The United States forgives debt of $500,000 to Nicaragua.

2. In section 1.4, we showed that over the past 20 years the NIIP of the
United States greatly benefited from valuation changes. In this ques-
tion, you are asked to analyze how valuation changes affected the NIIP
of China between 1981 and 2007. For the net foreign asset position
of China use the time series constructed by Lane and Milesi-Ferretti
(http://www.philiplane.org/EWN.html) rather than the China’s of-
ficial NIIP data. Current account data is available from the IMF’s
World Economic Outlook Database, which you should download. Use
these two time series to construct a time series for valuation changes
in China’s net foreign asset position. Using a software package such
as Excel or Matlab, plot a time series for the net foreign asset posi-
tion, the cumulative current account, and valuation changes for China,
since 1981. Make one graph in which the units are billions of U.S. dol-
lars and one graph in which the units are percent of GDP. GDP data
are also in the Lane and Milesi-Ferretti spreadsheet. Then use these
graphs to contrasts the valuations changes experienced by China and
by the United States. To which extend do your findings regarding the

sign of the valuation changes support a view that on net China holds
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more low risk/low return assets than high risk/high return assets.

. Dark Matter. Following the same arguments as Hausmann and

Sturzenegger, as presented in subsection 1.5.1, find the ‘true’ net inter-
national investment position of the United States for the years 2004 to
2010, assuming (like Hausmann and Sturzenegger) an annual interest
rate of 5 percent. Annual data on net investment income for the period
2004 to 2010 can be found in lines 13 and 30 of Table 1. U.S. Interna-
tional Transactions (available online at www.bea.gov). Contrast the
Hausmann and Sturzenegger implied net foreign asset position with
that officially reported (see Table 2. International Investment Posi-
tion of the United States at Year end,linel,available on courseworks
or www.bea.gov.) In particular, discuss the year-to-year changes in
the Hausmann-Sturzenegger measure of the net foreign asset position
and contrast it to the current account balance and observed valuation

changes.

. This exercise asks you to look at the current account balances and the

net foreign asset position of the GIPS (Greece, Ireland, Portugal, and
Spain) countries. Your first data source is the IMF’s World Economic

Outlook Data Base (version April 2011). http://www.inf.org.

(a) Obtain data for the current account to GDP ratio for each GIPS

country for the period 1980 to 2010.

(b) Use a computer software, such as Matlab or Excel, to plot the

current account to GDP ratio against time for each country. Pro-
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vide a short discussion of your graph.

(c) Find the cumulative CA balance for each of the four GIPS coun-
tries over the period 1980 to 2010 in U.S. dollars and discuss the
implied change in the net foreign asset positions of each country

and relate it to GDP in 2010.

The second data set contains information on the net foreign asset posi-
tion (or net international investment position) of the GIPS countries.
Specifically, use the data compiled by Philip L. Lane and Gian Maria

Milesi Feretti, available online at http://www.philiplane.org/EWN.html.

(d) Again make a time series plot for each country of the NFA (net
foreign asset position—as calculated by Milesi Feretti and Lane)

in U.S. dollars.

(e) Compare the change in the NFA as calculated by Milesi Feretti
and Lane with the CA balance data from the WEO database.

What factors may explain these differences.

(f) Finally, assume it was the year 2005 and you looked at CA and
NFA data for the GIPS countries. Now with the benefit of hind-
sight, what early signs of balance of payments trouble do you
detect.

(g) Which of the GIPS countries were still running CA deficits af-
ter the onset of the financial crisis in 2009 and 2010. Who do
you think is financing those current account deficits—the foreign

private creditors or foreign governments?
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Chapter 2

Current Account

Sustainability

A natural question that arises from our description of the recent history of
the U.S. external accounts is whether the observed trade balance and current
account deficits are sustainable in the long run. In this chapter, we develop

a simple framework to address this question.

2.1 Can a Country Run a Perpetual Trade Bal-

ance Deficit?

The answer to this question depends on the sign of a country’s initial net
international investment position. A negative net international investment
position means that the country as a whole is a debtor to the rest of the
world. Thus, the country must generate trade balance surpluses either cur-

rently or at some point in the future in order to service its foreign debt.

37
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Similarly, a positive net international investment position means that the
country is a net creditor of the rest of the world. The country can there-
fore afford to run trade balance deficits forever and finance them with the

interest revenue generated by its credit position with the rest of the world.

Let’s analyze this idea more formally. Consider an economy that lasts
for only two periods, period 1 and period 2. Let T'B; denote the trade
balance in period 1, C'A; the current account balance in period 1, and
Bj the country’s net international investment position (or net foreign asset
position) at the end of period 1. For example, if the country in question was
the United States and period 1 was meant to be 2012, then CA; = —475
billion, T'B; = —539.5, and B} = —3, 864 billion (see table 1.1 and figure 1.3
in chapter 1). Let r denote the interest rate paid on investments held for
one period and B denote the net foreign asset position at the end of period

0. Then, the country’s net investment income in period 1 is given by

Net investment income in period 1 = rBj.

This exresssion says that net investment income in period 1 is equal to the
return on net foreign assets held by the country’s residents between periods

0 and 1.

In what follows, we ignore net international payments to employees and
net unilateral transfers by assuming that they are always equal to zero.
Then, the current account equals the sum of net investment income and the

trade balance, that is,

CA; = T’BS +TB. (21)
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The current account, in turn, represents the amount by which the country’s

net foreign asset position changes in period 1, that is,
CA, = B] — B;. (2.2)

Here we are abstracting from valuation changes. Combining equations (2.1)

and (2.2) to eliminate C'A; yields:
Bl =(1+r)By +TB;.

A relation similar to this one must also hold in period 2. So we have that
B = (14 r)B] +TBs.

Combining the last two equations to eliminate B we obtain

B} TB,

(1+T)BSZ(1+T)_ Aty

(2.3)

Now consider the possible values that the net foreign asset position at the
end of period 2, Bj, can take. If B} is negative (B} < 0), it means that in
period 2 the country is acquiring debt to be paid off in period 3. However,
in period 3 nobody will be around to collect the debt because the world
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 B3 cannot be negative, or that

B35 must satisfy B3 > 0. This restriction is known as the no-Ponzi-game
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condition.! Can B} be strictly positive? The answer is no. A positive value
of B5 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
choose to hold a positive net foreign asset position at the end of period 2,
that is, it must be the case that B5 < 0. If B3 can be neither positive nor

negative, it must be equal to zero:

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

sion, (2.3) becomes

TB,

1 B = -TB — ——=.
( +T) 0 1 (1_1_7,)

(2.4)

This equation states that a country’s initial net foreign asset position must
equal the present discounted value of its future trade deficits. Our claim
that a negative initial net foreign wealth position implies that the country
must generate trade balance surpluses, either currently or at some point in

the future, can be easily verified using equation (2.4). Suppose that the

!This constraint on terminal asset holdings is named after Charles K. Ponzi, who intro-
duced pyramid schemes in the 1920s in Massachusetts. To learn 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. Madoff’s fraudulent squandering of investments
valued around $64 billion in 2008. For more than 20 years Madoff’s scheme consisted
in paying steady returns slightly above market to a large variety of clients ranging from
hedge funds to university endowments to low-income retirees. When Madoft’s own invest-
ments failed to produce such returns, the scheme required the acquisition of new clients
to survive. In the financial crisis of 2008 the flow of new clients dried up and his scheme
imploded overnight. In June 2009, Bernard Madoff, then 71 years old, was sentenced to
150 years in prison.
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country is a net debtor to the rest of the world (B < 0). Clearly, if it never
runs a trade balance surplus (T'B; < 0 and T'By < 0), then the left-hand
side of (2.4) is negative while the right-hand side is positive, so (2.4) would
be violated. In this case, the country would be running a Ponzi scheme

against the rest of the world.

Now suppose that the country’s initial asset position is positive (Bg > 0).
This means that initially the rest of the world owes a debt to our country.
Then, the left-hand side of equation (2.4) is positive. If the country runs
trade deficits in periods 1 and 2, then the right hand side of (2.4) is also
positive, which implies no inconsistency. Thus, the answer to the question of
whether a country can run a perpetual trade balance deficit is yes, provided
the country’s initial net foreign asset position is positive. Because the U.S.
is currently a net foreign debtor to the rest of the world, it follows that it
will have to run trade balance surpluses at some point in the future. This
result extends to economies that last for any number of periods, not just
two. Indeed, the appendix to this chapter shows that the result holds for

economies that last forever (infinite-horizon economies).

2.2 Can a Country Run a Perpetual Current Ac-

count Deficit?

In a finite-horizon economy like the two-period world we are studying here,
the answer to this question is, again, yes, provided the country’s initial net

foreign asset position is positive. To see why, note that an expression similar
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to (2.2) must also hold in period 2, that is,

CA, = B} — B}

Combining this expression with equation (2.2) to eliminate B}, we obtain

BE; =—CA; — CAy —|—B>2k

Imposing the transversality condition, B; = 0, it follows that

Bi = —CA, — CA,. (2.5)

This equation says that a country’s initial net foreign asset position must
be equal to the sum of its current account deficits. Suppose the country’s
initial net foreign asset position is negative, that is, By < 0. Then for this
country to satisfy equation (2.5) the sum of its current account surpluses
must be positive (CA; + C'Ay > 0), that is, the country must run a current
account surplus in at least one period. However, if the country’s initial asset
position is positive, that is, if By > 0, then the country can run a current
account deficit in both periods (which in the present two-period economy is

tantamount to perpetually).

This result is valid for any finite horizon. However, the appendix shows
that in an infinite horizon economy, a negative initial net foreign asset posi-
tion does not preclude an economy from running perpetual current account
deficits. What is needed for the country not to engage in a Ponzi scheme

is that it pay periodically part of the interest accrued on its net foreign
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debt to ensure that the foreign debt grows at a rate less than the interest
rate. In this way, the present discounted value of the country’s debt would
be zero, which is to say that in present-discounted-value terms the country
would pay its debt. Because in this situation the country’s net foreign debt
is growing over time, the economy must devote an ever larger amount of re-
sources (i.e., it must generate larger and larger trade surpluses) to servicing
part 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
over time. For if output did not grow, the required trade balance surpluses

would eventually exceed GDP, which is impossible.

2.3 Savings, Investment, and the Current Account

In this section, we show how to link, using accounting identities, the current
account to a number of familiar macroeconomic aggregates, such as savings,
investment, gross domestic product (GDP) and domestic absorption. These
accounting identities allow us to view current account deficits from a number
of perspectives and will be of use when studying the determination of the

current account in a general equilibrium model.

2.3.1 Current Account Deficits As Declines in the Net In-

ternational Investment Position

Recall the basic concept, introduced earlier, that in the absence of valuation

changes, the current account measures the change in the net international
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investment position of a country:

CAt — sz - B;:—l?

where C'A; denotes the country’s current account in period ¢ and Bj the
country’s net international investment position at the end of period ¢. If the
current account is in deficit, CA; < 0, then the net international investment
position falls, Bf — B ; < 0. Similarly, if the current account displays a
surplus, C'A; > 0, then the net international investment position improves,

Bf —Bf | > 0.

2.3.2 Current Account Deficits As Reflections of Trade Deficits

All other things equal, larger trade imbalances, or a larger gap between
imports and exports, are reflected in larger current account deficits. This
follows from the definition of the current account. The current account is
equal to the sum of the trade balance and net investment income (again, we
are ignoring net international compensation to employees and net unilateral
transfers):

CAt == TBt + T’sz_l, (26)

where T'B; denotes the trade balance in period ¢, and r denotes the interest
rate. Figure 1.1 from chapter 1 shows that in the United States, the trade

balance and the current account move closely together.
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2.3.3 The Current Account As The Gap Between Savings

and Investment

The current account is in deficit when investment exceeds savings. To see
this, begin by recalling from chapter 1 that the trade balance equals the
difference between exports and imports of goods and services. Letting X,
denote exports in period ¢t and I M; denote imports in period ¢, we then have
that

TBy = Xy — I M;.

Let ; denote the amount of final goods and services produced domestically
in period ¢. This measure of output is typically referred to as gross domestic
product, or GDP. Let C; denote the amount of goods and services consumed
domestically by the private sector in period ¢, Gy denote government con-
sumption in period ¢, and I; denote the amount of goods and services used
for domestic investment (in plants, infrastructure, etc.) in period ¢. We will
refer to Cy, Gy, and I; simply as consumption, government spending, and

investment in period ¢, respectively. Then we have that

Qi+ IMy =Cr+ I + Gy + Xy

This familiar identity, states that the aggregate supply of goods, given by the
sum of GDP and imports, can be used in four ways, private consumption,

investment, public consumption, or exports. Using the fact that the T'B; =
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Xi — I M, and rearranging, we obtain

TBt = Qt — Ct — It — Gt. (27)

Plugging this relation into equation (2.6) yields

C’At:rBf_l—l—Qt—C’t—It—Gt.

The sum of GDP and net investment income (rBj_;), is called national
income, or gross national product (GNP). We will denote national income

in period t by Y;, that is,

Yi= Qi+ 7B,

Combining the last two expressions results in the following representation

of the current account

CAt - Y;g - Ct - It - Gt. (28)

National savings, which we will denote by S, is defined as the difference be-
tween national income and the sum of private and government consumption,
that is,

St =Y — Cy — Gy.
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It then follows from equation (2.8) that the current account is equal to

savings minus investment,

CA =S, — I, (2.9)

According to this relation, a deficit in the current account occurs when
a country’s investment exceeds its savings. Conversely, a current account

surplus obtains when a country’s investment falls short of its savings.

2.3.4 The Current Account As the Gap Between National

Income and Domestic Absorption

The current account is in deficit when domestic absorption of goods and ser-
vices exceeds national income. A country’s absorption, which we denote by
Ay, is defined as the sum of private consumption, government consumption,
and investment,

Ay = Cr + I + Gy

Combining this definition with equation (2.8), the current account can be

expressed as the difference between income and absorption:

CA =Y — Ay (2.10)
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2.3.5 Four Ways of Viewing the Current Account

Summing up, we have derived four alternative expressions for the current

account:

CAt — sz - sz_l
CAt = T’sz_l + TBt
CAt == St - It

CA = -4

which emphasize the relationship between the current account and alter-
native macroeconomic aggregates: respectively, the accumulation of foreign
assets, the trade balance, savings and investment, and income and absorp-
tion. All four of the above expressions represent accounting identities that
must be satisfied at all times in any economy. They do not provide any ex-
planation, or theory, of the determinants of the current account. To explain
the behavior of the current account we need a model, that is, a story of the
economic behavior of households, firms, governments, and foreign residents.

This is the focus of the following chapters.
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2.4 Appendix: Perpetual Trade-Balance and Current-

Account Deficits in Infinite-Horizon Economies

In a world that lasts for only 2 periods, forever means for periods 1 and
2. Therefore, in such a world a country runs a perpetual trade deficit if
the trade balance is negative in periods 1 and 2. Similarly, in a two-period
world a country runs a perpetual current account deficit if it experiences a
negative current account balance in periods 1 and 2. In the body of this
chapter, we showed that a two-period economy can run a perpetual trade
balance deficit only if it starts with a positive net international investment
position. A similar condition holds for the current account: a two-period
country can run a perpetual current account deficit only if its initial net
international asset position is positive. In this appendix we study how these
results change in a more realistic setting in which the economy lasts for an

infinite number of periods.

Suppose that the economy starts in period 1 and lasts indefinitely. The

net foreign asset position at the end of period 1 takes the familiar form

BY =(1+7r)B;+ThB,

Solve for Bj to obtain
« Bi TB;
T 1y 140

(2.11)
Now shift this expression one period forward to obtain

B TB
14 140
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Use this formula to eliminate B} from equation (2.11) to obtain

) B} TB, TB,

By = — .
T A+r)?2 147 (1+47)2

Shifting (2.11) two periods forward yields

B TB
1+r 1471

g
9 =

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

e B TB,  TB, TBs
T 43 147 (1412 (1471)3

Repeating this iterative procedure 1" times results in the relationship

B3 TB; T Bs TBr
R _ o 2.12
T A+n)T 14r (1471)2 (1+nr)T (2.12)

In an infinite-horizon economy, the no-Ponzi-game constraint becomes

B
T 2

This expression says that the net foreign debt of a country must grow at
a rate less than r. Note that having a debt that grows at the rate r (or
higher) is indeed a scheme in which the principal and the interest accrued
on the debt are perpetually rolled over. That is, it is a scheme whereby the
debt is never paid off. The no-Ponzi-game constraint precludes this type of
situations.

At the same time, the country will not want to have a net credit with
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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 debt with the country in

question. This means that the path of net investment positions must satisfy

Br
lim —2L <.
gt =0

This restriction and the no-Ponzi-game constraint can be simultaneously

satisfied only if the following transversality condition holds:

. Br
lim ——~ =0
7 (1 4+ 1)T

Letting T" go to infinity and using this transversality condition, equation (2.12)

becomes
. TB; T By
By = — — 5=
1+r (1+4r)

This expression states that the initial net foreign asset position of a country
must equal the present discounted value of the stream of current and future
expected trade deficits. 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 whether we consider
a finite horizon economy or an infinite horizon economy, a country that starts
with a negative net foreign asset position cannot run perpetual trade balance

deficits.

We next revisit the question of whether a country can run perpetual

current account deficits. We can write the evolution of the country’s net
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foreign asset position in a generic period t =1,2,3,... as

Bf =(1+7r)B;_;+ThB;.

Suppose that the initial net foreign asset position of the country, 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 generates a
trade balance surplus sufficient to pay a fraction « of its interest obligations.
That is,

TBy = —arB;_y,

where the factor « is between 0 and 1. Note that according to this expression,
whenever the country is a net debtor to the rest of the world, i.e., whenever
By | <0, it generates a trade balance surplus. Combining this policy with

the evolution of the net asset position, we obtain

Bf =(1+4r—ar)B_,;.

Because By is negative and because 1+r—ar is positive, we have that the net
foreign asset position of the country will be forever negative. Furthermore,
each period the country runs a current account deficit. To see this, recall
that the current account is given by CA; = rBj_; + T'B;, which, given the

assumed debt-servicing policy, results in

CA;=r(1—a)Bf_; <0.
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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

Bf =(1+r—ar)B.

It follows that

By [14+7r(1-a) tB*
(14 7)t 147 0

which converges to zero as ¢t becomes large because 1 +7r > 1+ r(1 — ).
Notice that under the assumed policy the trade balance evolves according

to

TB; = —ar[l +r(1 —a)]" ' B,

That is, the trade balance is positive and grows unboundedly over time at
the rate (1 — ). In order for a country to be able to generate this path of
trade balance surpluses, its GDP must be growing over time at a rate equal
or greater than r(1 — «). If this condition is satisfied, the repayment policy
described in this example would support perpetual current account deficits

even if the initial net foreign asset position is negative.
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2.5 Exercises

1. Consider a two-period economy that has at the beginning of period 1
a net foreign asset position of -100. In period 1, the country runs a
current account deficit of 5 percent of GDP, and GDP in both periods

is 120. Assume the interest rate in periods 1 and 2 is 10 percent.

(a) Find the trade balance in period 1 (T'Bj), the current account
balance in period 1 (C'Ay), and the country’s net foreign asset

position at the beginning of period 2 (B7).

(b) Is the country living beyond its means? To answer this question
find the country’s current account balance in period 2 and the
associated trade balance in period 2. Is this value for the trade
balance feasible? [Hint: Keep in mind that the trade balance

cannot exceed GDP.]

(¢) Now assume that in period 1, the country runs instead a much
larger current account deficit of 10 percent of GDP. Find the
country’s net foreign asset position at the end of period 1, B. Is

the country living beyond its means? If so, show why.



Chapter 3

A Theory of Current

Account Determination

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

are temporary or permanent.

3.1 A Small Open Economy

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

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

55
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Examples of highly developed small open economies are the Netherlands,
Switzerland, Austria, New Zealand, Australia, Canada, and Norway. Ex-
amples of emerging small open economies are Chile, Peru, Bolivia, Greece,
Portugal, Estonia, Latvia, and Thailand. Large open economies 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 open. There
are not many examples of completely closed economies. Perhaps the most
notable cases are North Korea, Cuba, and Iran. The economic size of an
economy may not be related to its geographic size. For example, Australia
and Canada are geographically large, but economically small. On the other
hand, Japan, Germany, the United Kingdom, and France, are geographi-
cally small, but economically large. Also, demographic and economic size
may not be correlated. For example, India is demographically large, but

remains economically small.

Consider a small open economy in which people live for two periods, 1
and 2, and are endowed with ()1 units of goods in period 1 and ()2 units
in period 2. Goods are assumed to be perishable in the sense that they
cannot be stored from one period to the next. In addition, households are
assumed to be endowed with B units of a bond. In period 1, these bond
holdings generate interest income in the amount of r¢gBj, where 7o denotes
the interest rate on bonds held between periods 0 and 1. In period 1, the
household’s income is given by the sum of interest on its bond holdings and
its endowment of goods, roBj; + Q1. The household can allocate its income
to two alternative uses: purchases of consumption goods, which we denote

by C1, and purchases of bonds, Bf — Bjj, where B} denotes bond holdings
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at the end of period 1. Thus, in period 1 the household faces the following
budget constraint:

Ci + Bik — BE; = T’(]BE; + Q1. (31)

Similarly, in period 2 the representative household faces a constraint stating

that consumption expenditure plus bond purchases must equal income:
02 + B; — Bik = rlB’f + Q27 (32)

where Cy denotes consumption in period 2, 1 denotes the interest rate on
assets held between periods 1 and 2, and Bj denotes bond holdings at the
end of period 2. As explained in chapter 1, by the no-Ponzi-game constraint
households are not allowed to leave any debt at the end of period 2, that is,
B3 must be greater than or equal to zero. Also, because the world is assumed
to last for only 2 periods, agents will choose not to hold any positive amount
assets at the end of period 2, as they will not be around in period 3 to spend
those savings in consumption. Thus, asset holdings at the end of period 2

must be exactly equal to 0:

B} =0. (3.3)

Combining the budget constraints (3.1) and (3.2) and the terminal condition
(3.3) to eliminate Bf and Bj, gives rise to the following lifetime budget

constraint of the household:

C
2 =(1+4+1r9)By+ Q1+ @

C .
1+1—|—r1 1+7r
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Figure 3.1: 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 initial stock of
wealth plus the present discounted value of the endowment stream (the
right-hand side). The household chooses consumption in periods 1 and 2,
Cy and Oy, taking as given all other variables appearing in (3.4), namely,
ro, r1, B§, @1, and Q2.

Figure 3.1 displays the pairs (C7,C3) that satisfy the household’s in-
tertemporal budget constraint (3.4). For simplicity, we assume for the re-
mainder of this section that the household’s initial asset position is zero,
that is, we assume that Bj = 0. Then, clearly, the basket Ci = @1 and
Cy = Q2 (point A in the figure) is feasible in the sense that it satisfies the
intertemporal budget constraint (3.4). In words, the household can eat his

endowment in each period. But the household’s choices are not limited to
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this particular basket. In period 1 the household can consume more or less
than @1 by borrowing or saving the amount C7 — (1. If the household wants
to increase consumption in one period, it must sacrifice some consumption
in the other period. In particular, for each additional unit of consumption in
period 1, the household has to give up 1471 units of consumption in period
2. This means that the slope of the budget constraint is —(1+471). Note that
points on the budget constraint located southeast of point A correspond to
borrowing (or dissaving) in period 1. Letting S; denote savings in period
1, we have that S; = 79Bj + Q1 — C1 = Q1 — C1 < 0 (recall that we are
assuming that By = 0). At the same time, the fact that S; < 0 implies, by
the relation S1 = B} — B}, that the household’s asset position at the end of
period 1, By, is negative. This in turn implies that a point on the budget
constraint located southeast of the endowment point A is also associated
with positive saving in period 2 because Sy = B — Bf = —Bf > 0 (recall
that By = 0). On the other hand, points on the budget constraint located
northwest of A are associated with positive saving in period 1 and dissaving
in period 2. If the household chooses to allocate its entire lifetime income to
consumption in period 1, then C; would equal @Q14Q2/(1+471) and Cy would
be nil. This point corresponds to the intersection of the budget constraint
with the horizontal axis. If the household chooses to allocate all its lifetime
income to consumption in period 2, then Cy would equal (1 + r1)@Q1 + Q2
and C7 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 household will

choose depends on its preferences. We will assume that households like both
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Figure 3.2: Indifference curves

C1 and Cs and that their preferences can be described by the utility function

U(C1,Cy), (3.5)

where the function U is strictly increasing in both arguments. Figure 3.2
displays the household’s indifference curves. All consumption baskets on a
given indifference curve provide the same level of utility. Because consump-
tion in both periods are goods, that is, items for which more is preferred
to less, as one moves northeast in figure 3.2, utility increases. Note that
the indifference curves drawn in figure 3.2 are convex toward the origin, so
that at low levels of C relative to Cy the indifference curves are steeper

than at relatively high levels of C. Intuitively, the convexity of the indif-
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Figure 3.3: Equilibrium in the endowment economy
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ference curves means that at low levels of consumption in period 1 relative
to consumption in period 2, the household is willing to give up 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 high relative to
period-2 consumption, then the household will not be willing to sacrifice
much period-2 consumption for an additional unit of period-1 consumption.
The negative of the slope of an indifference curve is known as the marginal
rate of substitution of Cy for Cy. Therefore, the assumption of convexity
means that along a given indifference curve, the marginal rate of substitution

decreases with C].

Households choose C7 and C5 so as to maximize the utility function (3.5)

subject to the lifetime budget constraint (3.4). Figure 3.3 displays the life-
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time budget constraint together with the household’s indifference curves. At
the feasible basket that maximizes the household’s utility, the indifference

curve is tangent to the budget constraint (point B).

Formally, the tangency between the budget constraint and the indiffer-
ence curve is given by the following first-order condition of the household’s

maximization problem:

Ul(Cl, 02) = (1 + ’r’l)Ug(Cl, 02), (3.6)

where Uy (C1, Cy) and Uy (Cq, C2) 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 C7 holding constant Cs. Similarly, the marginal utility
of period 2 consumption represents the increase in utility associated with a
unit increase in Co holding constant C7. Technically, the marginal utilities
of C7 and (5 are defined as the partial derivatives of U(Cq, Co) with respect

to C7 and Cj, respectively. That is,

oU (C, Cy)
U(C,C) = —==
1( 1 2) 601
and
oU(Cy, C9)
Ux(Cy,C) = —————.
2( 1 2) 602
. UL(C1,C) . .
The ratio Ta(Cr.Co) represents the negative of the slope of the indifference

curve at the basket (Cy, Cs), or the marginal rate of substitution of Cy for

Cy. To see that (3.6) states that at the optimum the indifference curve is
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tangent to the budget constraint, divide the left and right hand sides of that

equation by —Us(C1, Cs) to obtain

U1(Ch, Cs)
by
Uz (Ch, Cs) (L4r)

and recall that —(1 4 r1) is the slope of the budget constraint.

Condition (3.6) is quite intuitive. Suppose that the consumer sacrifices
one unit of consumption in period 1 and saves it by buying a bond paying the
interest rate r1 in period 2. Then his utility in period 1 falls by U (Cy, Cs).
In period 2, he receives 1 + r; units of consumption each of which gives
him Us(C4, Cs) units of utility, so that his utility in period 2 increases by
(14 71)Uz(Ch, Cy). If the left-hand side of (3.6) is greater than the right-
hand side, then the consumer can increase his lifetime utility by saving less
(and hence consuming more) in period 1. Conversely, if the left-hand side
of (3.6) is less than the right-hand side, then the consumer will be better off
saving more (and consuming less) in period 1. At the optimal allocation,
the left- and right-hand sides of (3.6) must be equal to each other, so that
in the margin the consumer is indifferent between consuming an extra unit

in period 1 and consuming 1 + 71 extra units in period 2.

'One way of obtaining (3.6) is to solve for Cy in (3.4) and to plug the result in the
utility function (3.5) to get rid of C. The resulting expression is U(C1, (1+70)(14+71)Bg+
(14 7r1)Q1+ Q2 — (1 +7r1)C1) and depends only on Cq 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 maximum—yields (3.6).
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3.1.1 Equilibrium

We assume that all households are identical. Thus, by studying the behavior
of an individual household, we are also learning about the behavior of the
country as a whole. For this reason, we will not distinguish between 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 investment in physical
capital.?

We assume that the country has free access to international financial
markets. This means that in equilibrium the domestic interest rate, ri,
must be equal to the world interest rate, which we will denote by r*, that
is,

ry=r*

If this condition is satisfied we will say that interest rate parity holds. The
country is assumed to be sufficiently small so that its savings decisions do
not affect the world interest rate. Because all households are identical, at
any point in time all domestic residents will make identical saving decisions.
This implies that domestic households will never borrow or lend from one
another and that all borrowing or lending takes the form of purchases or sales
of foreign assets. Thus, we can interpret B} (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 identical

implies that the intertemporal budget constraint of an individual household,

2In chapter 5, we will allow for production and capital accumulation.
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given by equation (3.4), can be interpreted as the country’s intertemporal

resource constraint.

An equilibrium then is a consumption bundle (Ci,C3) and an inter-
est rate r1 that satisfy the country’s intertemporal resource constraint, the
household’s first-order condition for utility maximization, and interest rate

parity, that is,

C
2 (14 r)Bi+ @+ 2

C ;
1+1—|—r1 1+7r

Ui(Cy, C2) = (1 +7r1)Ua(Ch, Ca),

and

ro=r",

given the exogenous variables {rg, Bj, Q1, @2, 7*}. Here, the term ezogenous
refers to variables whose values are determined outside of the model. For
instance, the initial net foreign asset position B, is determined in period 0,
before the consumers in our economy were born. The world interest rate, r*,
is determined in world financial markets, which our economy cannot affect
because it is too small. And the endowment levels, @)1 and Q)2 represent
manna-type receipts of goods whose quantity and timing lies outside of

consumers’ control.

It is useful at this point to revisit the basic balance-of-payments account-
ing in our two-period model. We first show that the intertemporal resource
constraint of the country can be expressed in terms of current and expected

future trade balances. Begin by rearranging terms in the intertemporal re-
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source constraint (3.4) to express it in the form

(Q2 — 02)‘

(1+70)By = —(Q1—C1) — T

In our simple economy, the trade balance in period 1 equals the difference
between the endowment of goods in period 1, ()1, and consumption of goods
in period 1, C4, that is, TB; = @1 — C;. Similarly, the trade balance in
period 2 is given by T'By = Q2 — C5. Using these expressions for T'B; and
T By and recalling that in equilibrium ry = r*, we can write the country’s

intertemporal resource constraint as:

T By
14 r*°

(1 + T’(])BE; = —TB1 — (37)

This expression, which should be familiar from chapter 2, states that a
country’s present discounted value of trade deficits (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 (T'B; > 0 or T'By > 0 or both). Conversely, if at
the beginning of period 1 the country is a net creditor (B§ > 0), then it can
use its initial wealth to finance current or future trade deficits. In particular,
it need not run a trade surplus in either period. In the special case in which
the country starts with a zero stock of foreign wealth (Bj = 0), a trade

deficit in one period must be offset by a trade surplus in the other period.

The country’s intertemporal resource constraint can also be written in
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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 balance. Thus
in period 1 the current account is given by C'Ay = roBj + T'B; and the
current account in period 2 is given by C'Ay = r* B} + T B;. Using these two
definitions to eliminate T'By and T'By from equation (3.7) yields
(CAy —r*BY)

1 B =—(CAy —rgBj) — ——=.

(L+70)By = —(CA1L —r9By) T
Note that the term roBj appears on the left- and right-hand sides, and
can therefore be eliminated. Also, using the definition CAy = B — B}
to eliminate B} and recalling that in equilibrium B3 = 0, we obtain, after

collecting terms,

Bi = —CAj — CAy.

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 (CA; > 0 or CAs > 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 deficits. Finally, if the
country begins with no foreign debt or assets (Bj = 0), a current account
deficit in one period must be offset by a current account surplus in the other
period.

The equilibrium in our small open economy is shown as point B in fig-
ure 3.3. At the equilibrium allocation, the country runs a trade deficit
in period 1, that is, @1 — C} is negative. Also, recalling our maintained

assumption that foreign asset holdings in period 0 are nil (Bj = 0), the



68 S. Schmitt-Grohé and M. Uribe

current account in period 1 equals the trade balance in that period (CA; =
roBy + TB; = TB;). Thus, in equilibrium, the current account is in deficit
in period 1. In turn, the current account deficit in period 1 implies that the
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 repay the debt plus

interest, that is, T By = Q9 — Cy > 0.

3.2 Temporary Versus Permanent Output Shocks

What is the effect on the current account of an increase in output? It turns
out that this question, as formulated, is incomplete, and, as a result, does
not have a clear answer. The reason is that in a world in which agents
make decisions based on current and future expected changes in the eco-
nomic environment, one needs to specify not only what the current change
in the environment is, but also what the future expected changes are. The
information that current output changes does not tell us in what direction,
if any, future output is expected to move. Consider the following example.
The income earner of a family falls ill and therefore cuts his work week by
half. How should the members of the household adjust their consumption
expenditures in response to this exogenous shock? It really depends on the
severity of the illness affecting the head of the household. If the illness is
transitory (a cold, say), then the income earner will be expected to be back
on a full-time schedule in a short period of time (within a week, say). In
this case, although the family is making no income for one week, there is

no reason to implement drastic adjustments in spending patterns. Con-
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sumption can go on more or less as usual. The gap between spending and
income during the week in which the bread winner of the family is out of
commission can be covered with savings accumulated in the past or, if no
savings are available, by borrowing a little against future earnings. Future
consumption should not be much affected either. For, due to the fact that
the period during which income was reduced was short, the interest cost of
the borrowing (or decumulation of wealth) that took place during that time
is small relative to the level of regular income. However, if the affliction is
of a more permanent nature (a chronic back injury, say), then one should
expect that the reduction in the work week will be of a permanent nature.
In this case, the members of the household should expect not only current
but also future income to go down. As a result consumption must be per-
manently adjusted downward by cutting, for instance, items that are not

fully necessary, such as extra school activities or restaurant meals.

The general principle that the above example illustrates is that forward-
looking, optimizing individuals will behave differently in response to an in-
come shock depending on whether it is temporary or permanent. They will
tend to finance temporary income shocks, by increasing savings if the tem-
porary shock is positive or by dissaving if the temporary shock is negative.
On the other hand, they will adjust in response to permanent income shocks,
by cutting consumption if the permanent shock is negative or by increasing
consumption if the permanent shock is positive. This same principle can be
applied to countries as a whole. In the next two subsections, we develop
this principle more formally in the context of our model of current account

determination.
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3.2.1 Temporary Output Shocks

Consider the adjustment of a small open economy to a temporary variation
in output. For example, suppose that Ecuador looses 20 percent of its ba-
nana crop due to a drought. Suppose further that this decline in 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 affect consump-
tion, the trade balance, and the current account? Intuitively, Ecuadorian
households will cope with the negative income shock by running down their
savings or even borrowing against their future income levels, which are unaf-
fected by the drought. In this way, they can smooth consumption over time
by not having to cut current spending by as much as the decline in current
output. It follows that the temporary drought will induce a worsening of

the trade balance and the current account.

Formally, assume that the negative shock produces a decline in output in
period 1 from (1 to Q1 — A < @1, but leaves output in period 2 unchanged.
The situation is illustrated in figure 3.4, where A indicates the endowment
point before the shock (Q1, Q2) and A’ the endowment point after the shock
(Q1 — A, Q2). Note that because @2 is unchanged points A and A’ can be
connected by a horizontal line. As a consequence of the decline in @)1, the
budget constraint shifts toward the origin. The new budget constraint is
parallel to the old one because the world interest rate is unchanged. The
household could adjust to the output shock by reducing consumption in
period 1 by exactly the amount of the output decline, A, thus leaving con-

sumption in period 2 unchanged. However, if both C7 and Cy are normal
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Figure 3.4: A temporary decline in output and the intertemporal budget

constraint

G,

I

goods (i.e., goods whose consumption increases with income), the household
will choose to smooth consumption by reducing both Cy and Cs. Figure 3.5
depicts the economy’s response to the temporary output shock. As a result
of the shock, the new optimal consumption bundle, B’, is located southwest
of the pre-shock consumption allocation, B. In smoothing consumption over
time, the country runs a larger trade deficit in period 1 (recall that it was
running a trade deficit even in the absence of the shock) and finances it by
acquiring additional foreign debt. Thus, the current account deteriorates.
In period 2, the country must generate a larger trade surplus than the one
it would have produced in the absence of the shock in order to pay 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 3.5: Adjustment to a temporary decline in output

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

positive income shock?]

3.2.2 Permanent Output Shocks

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

against future income, because future income is expected to be as low as
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Figure 3.6: Adjustment to a permanent decline in output

y

current income. Instead, Ecuadorian consumers will have to adjust 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 reduces both
@1 and Q2 by A. Figure 3.6 illustrates the situation. As a result of the
decline in endowments, the budget constraint shifts to the left in a parallel
fashion. The new budget constraint crosses the point (Q1 — A, Q2 — A).
As in the case of a temporary output shock, consumption-smoothing agents
will adjust by reducing consumption in both periods. If consumption in each
period fell by exactly A, then the trade balance would be unaffected in both
periods. In general the decline in consumption should be expected to be

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

Comparing the effects of temporary and permanent output shocks on
the current account, the following general principle emerges: Economies will
tend to finance temporary shocks (by borrowing or lending on international
capital markets) and adjust to permanent ones (by varying consumption in
both periods up or down). Thus, temporary shocks tend to produce large
movements in the current account while permanent shocks tend to leave the

current account largely unchanged.

3.3 Terms-of-Trade Shocks

Thus far, we have assumed that the country’s endowments (1 and Q2 can
be either consumed or exported. This assumption, although useful to under-
stand the basic functioning of our small open economy, is clearly 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 the production
of oil and import a large fraction of the goods they consume. To capture
this aspect of the real world, let us now modify our model by assuming that
the good households like to consume, say food, is different from the good
they are endowed with, say oil. In such an economy, both C7 and Co must
be imported, while @ and Qo must be exported. Let PM and P¥X denote
the prices of imports and exports, respectively. A country’s terms of trade,
TT, is the relative price of a country’s exports in terms of imports, that

is, TT = PX/PM. In terms of our example, T'T 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 foreign assets
are expressed in units of consumption, the household’s budget constraints

in periods 1 and 2, respectively, are:

Cy + Bf — By =roBjy + TT1Q1

and

Cy + B; — Bik = rlB’f + TThQo.

These budget constraints are identical to (3.1) and (3.2) except for the fact
that the terms of trade are multiplying the endowments. Using the terminal
condition B3 = 0, the above two equations can be combined to obtain the

following lifetime budget constraint:

Cy +

02 TT2Q2
= (1 B +TT .
14+7r (1470) ot 1Q1+1—|—r1

Comparing this lifetime budget constraint with the one given in equation
(3.4), 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 deficit. On the other hand, in response to a permanent terms of
trade deterioration (i.e., a fall in both 7T} and T7%), the country is likely
to adjust consumption down, with little change in the trade balance or the

current account.
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3.4 World Interest Rate Shocks

An increase in the world interest rate, r*, has two potentially opposing effects
on consumption in period 1. On the one hand, an increase in the interest rate
makes savings more attractive because the rate of return on foreign assets is
higher. This effect is referred to as the substitution effect, because it induces
people to substitute future for present consumption through saving. By the
substitution effect, a rise in the interest rate causes consumption in period
1 to decline and therefore the current account to improve. On the other
hand, an increase in the interest rate makes debtors poorer and creditors
richer. This is called the income effect. By the income effect, an increase
in the interest rate leads to a decrease in consumption in period 1 if the
country is a debtor, reinforcing the substitution effect, but to an increase
in consumption if the country is a creditor, offsetting (at least in part) the
substitution effect. We will assume that the substitution effect is stronger
than the income effect, so that savings increases in response to an increase in
interest rates. Therefore, an increase in the world interest rate, r*, induces a
decline in C and thus an improvement in the trade balance and the current

account in period 1.

Figure 3.7 describes the case of an increase in the world interest rate from
r* to r* + A. We deduced before that the slope of the budget constraint
is given by —(1 + 7*). Thus, an increase in r* makes the budget constraint
steeper. Because the household can always consume its endowment (recall
that B is assumed to be zero), point A must lie on both the old and the

new budget constraints. This means that in response to the increase in r*,
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Figure 3.7: Adjustment to a world interest rate shock

C
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« slope = - (1+r‘ +A)

\d

the budget constraint rotates clockwise through point A. The initial optimal
consumption point is given by point B, where the household is borrowing
in period 1. The new consumption allocation is point B/, which is located
west of the original allocation, B. The increase in the world interest rate is
associated with a decline in C'7 and thus an improvement in the trade balance
and the current account in period 1. Note that because the household was
initially borrowing, the income and substitution effects triggered by the rise

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

3.5 An Economy with Logarithmic Preferences

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

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 an algebraic
approach. Let the utility function be of a log-linear type:

U(Cl, 02) =InCy + lnCQ,
where In denotes the natural logarithm. In this case the marginal utility of
consumption in the first period, Uy (Cy, C2), is given by

oU(CL.Cy)  O(InCy+InCy) 1
UL(Cy, Cs) = (861’1 2): (In éCln 2)251'

Similarly, the marginal utility of period 2 consumption, U (Cy, Cs) is given

by

OU(CL.Cy)  O(InCy+1InCy) 1
Us(Cy, Cs) = (861’2 2): (In éczn 2)252'

Here we used the fact that the derivative of the function Inz is 1/, that is,
Olnx/0x = 1/x. The household’s first-order condition for utility maximiza-

tion says that the optimal consumption allocation must satisfy the condition

Ui(Cy,Ca) = (1 4+ 71)Us(Ch, Co).

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

optimality condition becomes

1
c=0+mg (3.8)
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Next, consider the intertemporal resource constraint of the economy (3.4):

Cy +

02 Q2
= (1 B .
1+ (14 7o) 0+Q1+1—|—r1

Define Y = (1 + o) B + Q1 + 1%1. The variable Y represents the present
discounted value of the household’s total wealth, which is composed of his
initial asset holdings and the stream of income (Q1,Q2). Note that the

household takes Y as given. We can rewrite the above expression as

Combining this expression with (3.8), yields

C;==Y.

N |

This result says that households find it optimal to consume half of their

lifetime wealth in the first half of their lives.

In period 1, the trade balance is the difference between output and do-
mestic spending, or T'B; = ()1 — C1, and the current account is the sum
of the trade balance and interests received on net foreign assets holdings,
or CA; = roBj + TBy. Using the definition of Y and the fact that in
equilibrium the domestic interest rate must equal the world interest rate, or

r1 = r*, we have that Cp, Cy, T By, and C'A; are given by

Q2

O, =
! 1+ r*

(1+70)By + Q1+ (3.10)

N =
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Co = %(1 +1%) |:(1—|-T0)B§+Q1+ 1?14 (3.11)
1
TBy = 5 [Ql — (1 +7"0)B8 — 1 fzr*] (3.12)
— * 1 * QQ
CA; = 'I"(]BO + 5 [Ql — (1 —|—T’0)BO — T+ T*:| (3.13)

Consider the effects of temporary and permanent output shocks on the
trade balance and the current account. Assume first that income falls tem-
porarily by one unit, that is, ()1 decreases by one and ()9 is unchanged. It
follows from (3.12) and (3.13) that the trade balance and the current ac-
count both fall by half a unit. This is because consumption in period 1 falls

by only half a unit.

Suppose next that income falls permanently by one unit, that is, )1 and

(2 both fall by one. Then the trade balance and the current account decline

1247*

RErE For realistic values of

by %1ir Consumption in period 1 falls by

r*, the predicted deterioration in the trade balance and current account
in response to the assumed permanent negative income shock is close to
zero and in particular much smaller than the deterioration associated with
the temporary negative income shock. For example, assume that 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 the permanent
output shock and by 0.5 in response to the temporary shock. That is, the
current account deterioration is 10 times larger under a temporary shock

than under a permanent one.

Finally, consider the effect of an increase in the world interest rate r*.
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Clearly, in period 1 consumption falls and both the trade balance and the
current account improve. Note that the decline in consumption in period 1 is
independent of whether the country is a net foreign borrower or a net foreign
lender in period 1. This is because for the particular preference specification
considered in this example, the substitution effect always dominates the

income effect.

3.6 Capital Controls

Current account deficits are often viewed as bad for a country. The idea
behind this view is that by running a current account deficit the economy
is living beyond its means. As a result, the argument goes, as the country
accumulates external debt, it imposes future economic hardship on itself in
the form of reduced consumption and investment spending when the foreign
debt becomes due. A policy recommendation frequently offered to coun-
tries undergoing external imbalances is the imposition of capital controls.
In their most severe form, capital controls consist in the prohibition of bor-
rowing from the rest of the world. Milder versions take the form of taxes on
international capital inflows.

We can use the model economy developed in this chapter to study the
welfare consequences of prohibiting international borrowing. Suppose that
the equilibrium under free capital mobility is as depicted in figure 3.8. The
optimal consumption basket is given by point B and the endowment bundle
is represented by point A. The figure is drawn under the assumption that

the economy starts period 1 with a nil asset position (Bj = 0). In the uncon-
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Figure 3.8: Equilibrium under capital controls

slope = - (1”*)

strained equilibrium, households optimally choose to borrow from the rest of
the world in period 1 in order to finance a level of consumption that exceeds
their period-1 endowment. As a result, in period 1 the trade balance (T'By),
the current account (C'A;), and the net foreign asset position (Bj) are all
negative. In period 2, consumption must fall short of period-2 endowment
to allow for the repayment of the debt contracted in period 1 plus the corre-
sponding interest. Assume now that the government prohibits international
borrowing. That is, the policymaker imposes financial restrictions under
which B} must be greater than or equal to zero. Agents cannot borrow
from the rest of the world in period 1, therefore their consumption can be
at most as large as their endowment. It is clear from figure 3.8 that any

point on the intertemporal budget constraint containing less period-1 con-



International Macroeconomics, Chapter 3 83

sumption than at point A (i.e., any point on the budget constraint located
northwest of A) is less preferred than point A. This means that when the
capital controls are imposed, households choose point A, and the borrowing
constraint is binding. In the constrained equilibrium we have that Bf = 0
and C; = Q1. The fact that consumption equals the endowment implies that
the trade balance in period 1 is zero (T'B; = @1 — C1l = 0). Further, given
our assumption that the initial net foreign asset position is zero (Bj = 0),
the current account in period 1 is also nil (CA; = T'By + r¢B*0 = 0). This
in turn implies that the country starts period 2 with zero external debt
(Bf = Bj + CA; =0). As a consequence, the country can sepnd its entire
period-2 endowment in consumption (Ca = Q2).

The capital controls are successful in achieving the government’s goal
of curbing current-account deficits and allowing for higher future spending.
But do capital controls make households happier? To answer this question,
note that the indifference curve that passes through the endowment point
A, the consumption bundle under capital controls, lies southwest of the
indifference curve that passes through point B, the optimal consumption
bundle under free capital mobility. Therefore, capital controls lower the
level of utility, or welfare.

Under capital controls the domestic interest rate r1 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 beyond their
endowments. But capital controls make international funds unavailable.
Thus, the domestic interest rate must rise above the world interest rate to

bring about equilibrium in the domestic financial market. Graphically, 1+



4 S. Schmitt-Grohé and M. Uribe

is given by the negative of the slope of the indifference curve at point A.
The slope at this point is given by the slope of the dashed line in figure 3.8.
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:

Ui(Q1,Q2) = (1 +71)Ua(Q1, Q2).

This expression is the household’s optimality condition for the allocation
of consumption over time, evaluated at the endowment point. Notice that
because ()1 and @2 are exogenously given, the above expression represents
one equation in one unknown, r;. The smaller is Q1 relative to @, the
higher will be the marginal utility of consumption today relative to the
marginal utility of consumption next period, and therefore the higher will
be the interest rate. Intuitively, the lower is output in period 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, the domestic

interest rate must rise.
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3.7 Exercises

1. Consider a two-period small open endowment economy populated by a
large number of households with preferences described by the lifetime
utility function

1 1
10 (Y11
Cl 02 )

where C; and (5 denote, respectively, consumption in periods 1 and
2. Suppose that households receive exogenous endowments of goods
given by Q1 = Q2 = 10 in periods 1 and 2, respectively. Every house-
hold enters period 1 with some debt, denoted B, inherited from the
past. Let Bj be equal to -5. The interest rate on these liabilities,
denoted rg, is 20 percent. Finally, suppose that the country enjoys
free capital mobility and that the world interest rate on assets held

between periods 1 and 2, denoted r*, is 10 percent.

(a) Compute the equilibrium levels of consumption, the trade bal-

ance, and the current account in periods 1 and 2.

(b) Assume now that the endowment in period 2 is expected to in-
crease from 10 to 15. Calculate the effect of this anticipated
output increase on consumption, the trade balance, and the cur-
rent account in both periods. Compare your answer to that you

gave for item (a) and provide intuition.

(c) Finally, suppose now that foreign lenders decide to forgive all
of the country’s initial external debt. How does this decision

affect the country’s levels of consumption, trade balance, and



86 S. Schmitt-Grohé and M. Uribe

current account in periods 1 and 2. (For this question, assume
that Q1 = Q2 = 10.) Compare your answer to the one you gave

for item (a) and explain.

2. The Terms of Trade and the Current Account

Consider the following chart showing commodity prices in world mar-

kets:

Price

Commodity Period 1 Period2

Wheat 1 1
Oil 1 2

In the table, prices of oil are expressed in dollars per barrel, prices
of wheat are expressed in dollars per bushel. Kuwait is a two-period
economy that produces oil and consumes wheat. Consumers have pref-

erences described by the lifetime utility function

U(C1,Cy) = Cy x Cy,

where C7 and Cy denote, respectively, consumption of wheat in periods
1 and 2, measured in bushels. Kuwait’s per-capita endowments of oil
are b barrels in each period. The country starts period 1 with net
financial assets carried over from period 0, including interest of 10
percent, worth 1.1 bushels of wheat (i.e., (1 + ro)Bj = 1.1). The

interest rate in period 0 is assumed to be 10 percent (i.e., ro = 0.1).
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The country enjoys free capital mobility and the world interest rate is

10 percent. Financial assets are denominated in units of wheat.

(a) What are the terms of trade faced by Kuwait in periods 1 and 27

(b) Calculate consumption, the trade balance, the current account
and national savings in periods 1 and 2.

(c) Answer the previous question assuming that the price of oil in
the second period is not 2 but 1 dollar per barrel. Compare your

answers to this and the previous question and provide intuition.

3. Capital controls. Consider a two-period model of a small open econ-
omy with a single good each period and no investment. Let preferences

of the representative household be described by the utility function

U(Cy, Cy) = \/C1 + 8/ Cy

The parameter § is known as the subjective discount factor. It mea-
sures the consumer’s degree of impatience in the sense that the smaller
is 3, the higher is the weight the consumer assigns to present consump-
tion relative to future consumption. Assume that 3 = 1/1.1. The rep-
resentative household has initial net foreign wealth of (1 +rg)Bj = 1,
with 79 = 0.1, and is endowed with ()1 = 5 units of goods in period 1
and (2 = 10 units in period 2. The world interest rate paid on assets
held from period 1 to period 2, r*, equals 10% (i.e., r* = 0.1) and

there is free international capital mobility.

(a) Calculate the equilibrium levels of consumption in period 1, Ct,
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consumption in period 2, Cy, the trade balance in period 1, T'B1,

and the current account balance in period 1, C'A;.

(b) Suppose now that the government imposes capital controls that
require that the country’s net foreign asset position at the end
of period 1 be nonnegative (Bf > 0). Compute the equilibrium
value of the domestic interest rate, r1, consumption in periods 1

and 2, and the trade and current account balances in period 1.

(c) Evaluate the effect of capital controls on welfare. Specifically,
find the level of utility under capital controls and compare it to

the level of utility obtained under free capital mobility.

(d) For this question and the next, suppose that the country expe-
riences a temporary increase in the endowment of period 1 to
@1 = 9, with period 2 endowment unchanged. Calculate the ef-
fect of this output shock on Cy, Cy, T'B1, CA1, and r1 in the case

that capital is freely mobile across countries.

(e) Finally, suppose that the capital controls described in part (b)
are in place. Will they still be binding (i.e., affect household

behavior)?

4. Consider the equilibrium with capital controls analyzed in section3.6
and depicted in figure 3.8. Suppose the equilibrium allocation under
free capital mobility is at a point on the intertemporal budget con-
straint located northwest of the endowment point A. Suppose that
capital controls prohibit borrowing or lending intenationally. Would

it still be true that capital controls are welfare decreasing?



Chapter 4

Uncertainty and the Current

Account

Thus far, we have studied the response of the current account to changes in
fundamentals that are known with certainty. The real world, however, is an
uncertain place. Some periods display higher macroeconomic volatility than
others. A natural question, therefore, is how the overall level of uncertainty
affects the macroeconomy, and, in particular, the external accounts. This
chapter is devoted to addressing this question. It begins by documenting
a period of remarkable stability in the United states, known as the Great
Moderation. It then shows that this period coincided with the emergence
of large current account deficits. Finally, the chapter expands the small
open economy model of chapter 3 to allow for uncertainty. This modifi-
cation allows us to understand the effect of changes in the aggregate level

of uncertainty on consumption, savings, the trade balance, and the current
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account.

4.1 The Great Moderation

A number of researchers have documented that the volatility of U.S. output
declined significantly starting in the early 1980s. This phenomenon has be-
come known as the Great Moderation.! The most commonly used measure
of volatility in macroeconomic data is the standard deviation. According to
this statistic, U.S. output growth became half as volatile in the past quarter
century. Specifically, the standard deviation of quarter-to-quarter output
growth was 1.2 percent over the period 1948 to 1983, but only 0.5 percent
over the period 1984 to 2006. Panel (a) of figure 4.1 depicts the quarterly
growth rate of U.S. output from 1948:Q1 to 2009:Q3. It also shows with a
vertical line the beginning of the Great Moderation in 1984. It is evident
from the figure that the time series of output growth in the United States
is much smoother in the post 1984 subsample than it is in the pre-1984
subsample.

Researchers have put forward three alternative explanations of the Great
Moderation: good luck, good policy, and structural change. The good-
luck hypothesis states that by chance, starting in the early 1980s the U.S.
economy has been blessed with smaller shocks. The good policy hypoth-
esis maintains that starting with former Fed chairman Paul Volker’s ag-

gressive monetary policy that brought to an end the high inflation of the

'Early studies documenting the Great Moderation are Kim and Nelson (1999) and
McConnell and Perez-Quiréz (2000). Stock and Watson (2002) present a survey of this
literature.
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Figure 4.1: The Great Moderation
(a) Per Capita U.S. GDP Growth 1948-2009
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1970s and continuing with the low inflation policy of Volker’s successor Alan
Greenspan, the United States experienced a period of extraordinary macroe-
conomic stability. Good regulatory policy has also been credited with the
causes of the Great Moderation. Specifically, the early 1980s witnessed the
demise of regulation Q (or Reg Q). Regulation Q imposed a ceiling on the
interest rate that banks could pay on deposits.? As a result of this financial
distortion, when expected inflation goes up (as it did in the 1970s) the real
interest rate on deposits falls and can even become negative, inducing de-
positors to withdraw their funds from banks. As a consequence, banks are
forced to reduce the volume of loans generating a credit-crunch-induced re-
cession. The third type of explanation states that the Great Moderation was
in part caused by structural change, particularly in inventory management

and in the financial sector.

4.1.1 The Great Moderation And The Emergence of Trade

Imbalances

We will not dwell on which of the proposed explanations of the Great Mod-
eration has more merit. Instead, our interest is in possible connections be-
tween the Great Moderation and the significant trade balance deterioration
observed in the U.S. over the period 1984 to 2006. Panel (b) of figure 4.1

displays the ratio of the trade balance to GDP in the United States over

?Regulation Q became law in 1933. Its objective was to make banks more stable.
Competition for deposits was thought to increases costs for banks and to force them into
making riskier loans with higher expected returns. Thus allowing banks to pay interest
on deposits was believed contribute to bank failures. For more information on Reg Q see
R. Alton Gilbert, “Requiem for Regulation Q: What It Did and Why It Passed Away,”
Federal Reserve Bank of St. Louis Review, February 1986, 68(2), pp. 22-37.
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the period 1948-2009. During the period 1948-1984 the United States ex-
perienced on average positive trade balances of about 0.2 percent of GDP.
Starting in the early 1980s, however, the economy was subject to a string of
large trade deficits averaging 2.6 percent of GDP.

Is the timing of the Great Moderation and the emergence of protracted
trade deficits pure coincidence, or is there a causal connection between the
two? To address this issue, we will explore the effects of changes in output
uncertainty on the trade balance and the current account in the context of

our theoretical framework of current account determination.

4.2 A Model With Uncertainty

In the economy studied in chapter 3, the endowments ()1 and ()2 are known
with certainty. What would be the effect of making the future endowment,
()2, uncertain? That is, how would households adjust their consumption
and savings decisions in period 1 if they knew that the endowment in period
2 could be either high or low with some probability? Intuitively, we should
expect the emergence of precautionary savings in period 1. That is, an
increase in savings in period 1 to hedge against a bad income realization in
period 2. The desired increase in savings in period 1 must be brought about
by a reduction in consumption in that period. With period-1 endowment
unchanged and consumption lower, the trade balance must improve. We
therefore have that an increase in uncertainty brings about an improvement
in the trade balance. By the same token, a decline in income uncertainty,

such as the one observed in the United States since the early 1980s, should
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be associated with a deterioration in the trade balance.

To formalize these ideas, consider an economy in which initially, the
stream of output is known with certainty and constant over time. Specifi-
cally suppose that Q1 = Q2 = . Assume further that preferences are of
the form InC + In Cs. 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 by Cy = 2Q) — (. Using this expression to eliminate
(5 from the utility function, we have that the household’s utility maximiza-
tion problem consists in choosing C; so as to maximize InC; +1n(2Q — C1).
The solution to this problem is C7 = Cy = . It follows that the trade

balance in period 1, given by ()1 — C1, is zero. That is,

TB =0.

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

smooth.

Consider now a situation in which @9 is not known with certainty in
period 1. Specifically, assume that with probability 1/2 the household re-
ceives a positive endowment shock in period 2 equal to o > 0, and that with

equal probability the household receives a negative endowment shock in the
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amount of —o. That is,

Qs — Q@ + o with probability 1/2

o @ — o with probability 1/2
We continue to assume that Q1 = (). Note that this is a mean-preserving
increase in period-2 income uncertainty in the sense that the expected value
of the endowment in period 2, given by $(Q + o) + 3(Q — o) equals Q,
which equals the endowment that the household receives in period 2 in the

economy without uncertainty.

The standard deviation of the endowment in period 2 is given by o. To
see this, recall that the standard deviation is the square root of the variance
and that, in turn, the variance is the expected value of the deviation of
output from its mean. The deviation of output from its mean is Q+oc—Q = o
in the high-output state and Q — ¢ — = —o in the low-output state.
Therefore, the variance of output in period 2 is given by % X o2 —I—% x(—0)? =

2

o”. The standard deviation of period-2 output is then given by Vo2 = o.

It follows that the larger is o the more volatile is the period-2 endowment.

We must specify how households value uncertain consumption bundles.
We will assume that households care about the expected value of utility.

Specifically, preferences under uncertainty are given by
InCy + ElnCy,

where E denotes expected value. Note that this preference formulation en-

compasses the preference specification we used in the absence of uncertainty.



96 S. Schmitt-Grohé and M. Uribe

This is because when Cy is known with certainty, then E'InCy = In Cs.

The budget constraint of the household in period 2 is given by Cy =
2Q) + 0 — (1 in the good state of the world and by Cy = 2Q — o — C1 in the
bad state of the world. Therefore, expected lifetime utility, In C7 + E'In Co,

is given by
1 1
InC; + 5111(2@ +o0—-C1)+ 3 In(2Q —o — C1).

The household chooses C to maximize this expression. The first-order op-

timality condition associated with this problem is

1 1 1 1

. 2|2070-C, "T20-0-0C;

(4.1)

The left-hand side of this expression is the marginal utility of consumption
in period 1, or U;(C1, C3). The right-hand side is the expected value of the
marginal utility of consumption in peirod 2, or EUs(C1,C3). This means
that the household consumpiton choice equates the marginal utility of con-
sumption in period 1 to the expected marginal utility of consumption in

period 2, or EU(C1, Cy).

Consider first whether the optimal consumption choice associated with
the problem without uncertainty, given by C7; = @), represents a solution in
the case with uncertainty. If this was the case, then it would have to be true

that
1 1 1 1

0 2|20¥0-0"20-0-0
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This expression can be further simplified to

Y SN
Q 2|Q+0 Q-0

Further simplifying, we obtain

which is impossible, given that ¢ > 0. We have shown that if we set C; = Q,
then the left side of optimality condition (4.1) is less than the right side.
In other words, if the consumer chose C; = @, then the marginal utility of
consumption in period 1 would be smaller than the expected marginal utility
of consumption in period 2. It follows that the household would be better off
consuming less in period 1 and more in period 2. Formally, because the left
side of optimality condition (4.1) is decreasing in C whereas the right side
is increasing in C1, it must be the case that the optimal level of consumption
in period 1 satisfies

C1 < Q.

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

TB; > 0.

Households use the trade balance as a vehicle to save in period 1. 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 marginal utility
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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 loss of con-
sumption in the amount of ¢ units. As a result, the prospect of consuming
Q + o or Q — o with equal probability in period 2 increases the expected
marginal utility of consumption in that period. Because at the optimum,
today’s marginal utility must equal next period’s in expected value, and
because current marginal utility is decreasing in current consumption, the
adjustment to a mean-preserving increase in uncertainty about next period’s

endowment takes the form of a reduction in current consumption.

4.3 The Return of Uncertainty: The Great Con-

traction And The Current Account

The model presented in this chapter captures qualitatively the joint occur-
rence of diminished output uncertainty and trade deficits observed during
the Great Moderation (1984-2006). A natural test of the model is whether
the elevated level of aggregate uncertainty the U.S. economy has been expe-
riencing since the onset of the Great Contraction of 2007 has been accom-
panied by an improvement in the trade balance. It turns out that this is
indeed the case. Look at figure 4.2. It displays the U.S. current account
balance as a percentage of GDP between 2003 and 2011. Over the four
years preceeding the Great Contraction, 2003-2006, the average U.S. trade
balance deficit was about 5.4 percent of GDP. Over the four years since the
onset of the Great Contraction, 2007-2011, the trade balance deficit was on

average 3.4 percent of GDP. This means that the crisis era was associated
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Figure 4.2: The Great Contraction And The Trade Balance
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with an improvement in the trade balance of 2 percent of output.
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4.4 Exercises

1. [Risk Neutrality] Redo the analysis in section 4.1 assuming that
households are risk neutral in period 2. Specifically, assume that their
preferences are logarithmic in period-1 but linear in period-2 consump-
tion. What would be the predicted effect of the Great Moderation on

the trade balance in period 17

2. [Certainty Equivalence] Consider a two-period, small, open, endow-
ment economy populated by households with preferences described by

the utility function given by

—5(Ci— O~ JB(Cy 07,
where C represents a satiation level of consumption, and E denotes
the mathematical expectations operator. In period 1, households re-
ceive an endowment )1 = 1 and have no assets or liabilities carried
over from the past (Bj = 0). Households can borrow or lend in the
international financial market at the world interest rate r* = 0. Com-
pute consumption and the trade balance in periods 1 and 2 under the
following two assumptions regarding the endowment in period 2, de-
noted Q2: (a) Q2 equals 1; and (b) Q2 is random and takes the values
0.5 with probability 1/2 or 1.5 with probability 1/2. Provide intuition

for your findings.

3. [The Current Account As Insurance Against Catastrophic

Events] Consider a two-period endowment economy populated by
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identical households with preferences defined over consumption in pe-
riod 1, C7 and consumption in period 2, (5, and described by the
utility function

InCy + ElnCs,

where C; denotes consumption in period 1, C5 denotes consumption
in period 2, and E denotes the expected value operator. Each period,
the economy receives an endowment of 10 units of food. Households
start period 1 carrying no assets or debts from the past. The interest

rate on financial assets held between periods 1 and 2 is zero.

(a) Compute consumption, the trade balance, the current account,

and national savings in period 1.

(b) Assume now that the endowment in period 1 continues to be 10,
but that the economy is prone to severe natural disasters in period
2. Suppose that these negative events are very rare, but have
catastrophic effects on the country’s output. Specifically, assume
that with probability 0.01 the economy suffers an earthquake in
period 2 that causes the endowment to drop by 90 percent with
respect to period 1. With probability 0.99, the endowment in

period 2 increases to 111/11.
i. What is the expected endowment in period 27 How does it
compare to that of period 17

ii. What percent of period-1 endowment will the country ex-

port? Compare this answer to what happens under certainty
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and provide intuition.
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Chapter 5

Current Account
Determination in a

Production Economy

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

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

105
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5.1 A production economy

5.1.1 Firms

Consider an economy in which output is produced with physical capital.
Specifically, let K1 and Ky denote the capital stocks at the beginning of pe-
riods 1 and 2, respectively, and assume that output is an increasing function
of capital. Formally,

Q1= F(Ky)

and

Q2 = F(K2)7

where, as before, Q1 and Q2 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 (F(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 capital stock
is increased by one unit and is given by the derivative of the production

function with respect to capital:
marginal product of capital = F'(K).

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

that is, F”(K) < 0, which implies that the production function is concave.
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Panel (a) of figure 5.1 displays output as a function of the capital 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 figure 5.1 displays the marginal product

of capital as a function of K.

Output is produced by firms. In period 1, the capital stock K3 is pre-
determined, and thus so is output, J1. To produce in period 2 firms must
borrow capital in period 1 at the interest rate ri. Physical capital depre-
ciates at the rate 0 between periods 1 and 2. Therefore, the total cost of
borrowing one unit of capital in period 1 is r1+9d. Profits in period 2, Ils, are
then given by the difference between output and the rental cost of capital,
that is

I, = F(Kz) — (7"1 + 5)K2 (51)

Firms choose K5 so as to maximize profits, taking as given the interest rate
r1. Figure 5.2 displays the level of capital that maximizes profits. For values
of K below K5, the marginal product of capital exceeds the rental cost r1+9,
thus, the firm can increase profits by renting an additional unit of capital.
For values of K greater than K>, the rental cost of capital is greater than
the marginal product of capital, so the firm can increase profits by reducing
K. Therefore, the optimal level of capital, is the one at which the marginal

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

F/(Kg) =r1+4 (52)

YEquation (5.2) is in fact the first-order necessary condition for profit maximization.
To see why, take the derivative of the right-hand side of (5.1) with respect to K2 and
equate it to zero.
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Figure 5.1: The production function, F(K)
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Figure 5.2: Marginal product and marginal cost schedule

A

\/

Because the marginal product of capital is decreasing in the level of the
capital stock, it follows from equation (5.2) that K5 is a decreasing function
of r1. Intuitively, as 71 goes up so does the rental cost of capital, so firms
choose to hire fewer units of this factor input.

Investment in physical capital in period 1, I, is defined as the difference
between the capital stock in period 2 and the undepreciated part of the

capital stock in period 1,2

L =Ky—(1-8K; (5.3)

Because K is a predetermined variable in period 1, it follows that, given K3

2Strictly speaking, I; is called gross investment and is equal to the sum of net in-
vestment, Ko — K1, which measures the increase in the capital stock, and depreciation,
0K;.
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Figure 5.3: The investment schedule, I(r)
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and 9, I; moves one for one with Ks. Thus, I is a decreasing function of ry.
Figure 5.3 depicts the relationship between the interest rate and investment
demand in period 1, holding constant K7 and §.

In period 1, profits are given by the difference between output, F(Kj),

and the rental cost of capital, (rg + 0) K7, that is,

11, :F(Kl)—(T0+5)K1, (54)

As we mentioned above, the initial capital stock K7 is given. Therefore,

period 1 profits are also given.
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5.1.2 Households

Consider now the behavior of households. At the beginning of period 1,
the household is endowed with W units of interest bearing wealth. The
rate of return on wealth is given by ro. Thus, interest income is given by
roWpy. In addition, the household is the owner of the firm and thus receives
the firm’s profits, II;. Therefore, total household income in period 1 equals
roWo—+1II;. Asin the endowment economy, the household uses its income for
consumption and additions to the stock of wealth. The budget constraints

of the household in period 1 is then given by

Cy+ (W — W) =rgWo + 114 (5.5)

Similarly, the household’s budget constraint in period 2 takes the form:

Cy + (W2 — Wl) =r Wi + 1, (5.6)

where W5 denotes the stock of wealth the household chooses to hold at the
end of period 2. Because period 2 is the last period of life, the household
will not want to hold any positive amount of assets maturing after that
period. Consequently, the household will always find it optimal to choose
Wy < 0. At the same time, the household is not allowed to end period 2 with
unpaid debts (the no-Ponzi-game condition), so that W5 > 0. Therefore,

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

Wy =0.
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Using this expression, the budget constraint (5.6) becomes

Cy = (1 + rl)Wl + Is. (57)

Combining (5.5) and (5.7) to eliminate W yields the following intertemporal

budget constraint of the household:

C II
2 :(1+T0)W(]+H1—|— 2

C
1+1—|—r1 1+7r

(5.8)

This expression is similar to the intertemporal budget constraint correspond-
ing to the endowment economy, equation (3.4), with the only difference
that the present discounted value of lifetime endowments is replaced by the
present discounted value of profits. As in the endowment economy, house-
holds derive utility from consumption in periods 1 and 2. Their preferences
are described by the utility function (3.5), which we reproduce here for con-
venience:

U(C1, Cy).

The household chooses C7 and C5 so as to maximize the utility function
subject to the intertemporal budget constraint (5.8) taking as given IIy, IIs,
(147r9)Wp, and r1. The household’s maximization problem is identical to the
one we discussed in the endowment economy. In particular, at the optimal
consumption basket, the indifference curve is tangent to the intertemporal
budget constraint. That is, the slope of the indifference curve is equal to

—(1 + 7"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 agents do not
have access to international financial markets, so that the current account

is always zero.

5.1.3 Equilibrium in a closed economy

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

Wy = K;

and

Wi = Ks.

Replacing II; with (5.4), IIo with (5.1), F(K1) with @1, and F(K3) with

@2, equations (5.5) and (5.7) can be written as:

Q1=C1+ Ky — (1- 8Ky (5.9)

and

Q2 =Cy — (1 -6)K> (5.10)

The first of these expressions says that output in period 1, ()1, must be
allocated to consumption, C7, and investment, Ko — (1 — §) K. The second
equation has a similar interpretation. Note that because the world ends
after period 2, in that period the household chooses to consume the entire
undepreciated stock of capital, (1 — §) Ko, so that investment is negative

and equal to —(1 — §) K. Combining (5.9) and (5.10) and using the fact
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Figure 5.4: The production possibility frontier: Co = F(Q1 — C1)
c

that Qo = F(K>) yields the following equilibrium resource constraint of the

economy, also known as the production possibility frontier (PPF):

Co = F(Q1 + (1 0)Ky — C1) + (1= 8)[Q1 + (1 = 6)K; — C4]

The PPF simplifies a great deal when the depreciation rate is assumed to

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

Cy = F(Q1 — C) (5.11)

Figure 5.4 depicts this production possibility frontier in the space (Cq, Cs).
Because the production function is increasing and concave, the PPF is down-

ward sloping and concave toward the origin. If in period 1 the household
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Figure 5.5: Equilibrium in the model with production: the closed economy
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chooses to carry no capital into the second period by allocating the entire
output to consumption (C; = Q7), then output in period 2 is nil (point
A in the figure). 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 figure). The slope of the
PPF is —F'(Q1 — C1).

Which point on the PPF will be chosen in equilibrium, depends on the
household’s preferences. Figure 5.5 depicts the PPF together with the rep-
resentative household’s indifference curve that is tangent to the PPF. The
point of tangency (point C in the figure) represents the equilibrium alloca-
tion. At point C, the slope of the indifference curve is equal to the slope of

the PPF. From the firm’s optimal choice of capital (equation (5.2)) we know



116 S. Schmitt-Grohé and M. Uribe

that the marginal product of capital, F'(K5), must equal the rental rate of
capital, r1 + . In the special case of a 100 percent depreciation rate, this
condition becomes F'(K3) = 1+ r;. This means that in equilibrium one
plus the interest rate is given by (minus) the slope of the PPF at the point
of tangency with the household’s indifference curve. The important point to
note is that in a closed economy the interest rate is determined by domestic
factors such as preferences, technologies, and endowments. The interest rate
prevailing in the closed economy will in general be different from the world
interest rate. Another important point to keep in mind is that in the closed
economy savings must always equal investment. To see this, note that in
the closed economy savings in period 1, S, equals output in period 1 minus

consumption in period 1, that is,

S1=0Q1—C.

Recall that investment in period 1 is given by I = Ky — (1 — §)K;. Com-

paring this expression with (5.9) we have that

L=Q1—-Cy

Thus,
S1 =1

The current account is equal to the difference between savings and invest-
ment (see equation (2.9)). Therefore, in a closed economy the current ac-

count is always equal to zero. These differences between the open and the



International Macroeconomics, Chapter 5 117

closed economies are reflected in the way in which each type of economy

adjusts to shocks.

Adjustment to a temporary output shock

Consider a negative transitory shock (such as a natural disaster) that de-
stroys part of output in period 1. In the open economy, households will
smooth consumption by borrowing in the international capital market at a
constant interest rate, thus running a current account deficit in period 1.
In the closed economy, as in the open economy, households desire to bor-
row against future income in order to smooth consumption. However, in
the closed economy, access to international financial markets is precluded.
At the same time, the increase in the interest rate has a negative effect on
investment in physical capital. The reduction in investment frees up some
resources that are used for consumption in period 1 preventing consumption
from falling by as much as output.

Figure 5.6 illustrates the adjustment of the closed economy to a decline
in output in period 1 from QY to Q1 < QY. The economy is initially at point
A; consumption in period 1 is C¥ and consumption in period 2 is C3. The
equilibrium interest rate is given by the slope of the PPF and the indifference
curve at point A. It is clear from (5.11) that the decline in output in period
1 produces a parallel shift in the PPF to the left. For example, the distance
between points B, on the new PPF, and A, on the old PPF, is equal to the
decline in output in period 1, QY — Q1. Also, at point B, the slope of the
new PPF is the same as the slope of the old PPF at point A. Where on

the new PPF the equilibrium will be located depends on the shape of the
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Figure 5.6: Adjustment to a temporary decline in output in the closed econ-
omy

Q C

indifference curves. Suppose that at every point on the horizontal segment
connecting A and CY, the indifference curves are steeper than at point A.
Also, assume that at every point on the vertical segment connecting A with
CY the indifference curves are flatter than at point A. When this property of
the indifference curves is satisfied, C7 and Cs are said to be normal goods. In
addition, because the PPF is strictly concave, as one moves on the PPF from
point B to point C, the PPF becomes steeper. Therefore, the indifference
curve that crosses point B is, at that point, steeper than the new PPF. Also,
the indifference curve that crosses point C is, at that point, flatter than
the new PPF. As a result, the new PPF will be tangent to an indifference
curve at a point located between points B and C. In the figure, the new

equilibrium is given by point D. At the new equilibrium, consumption in
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period 1 is C] and consumption in period 2 is C3. Note that consumption
in period 1 falls (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 consumption 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 output shock
has induced an increase in the interest rate. Summing up, the effects 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 decline in output;
(b) a decline in savings that is matched by a decline in investment of equal

magnitude; 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.

5.1.4 Equilibrium in an open economy

In a small open economy households and firms can borrow and lend at an
exogenously given world interest rate, which we denote by r*. Therefore,
the interest rate prevailing in the small open economy has to be equal to

the world interest rate, that is,

rp=r" (5.12)

Also, in an open economy, households are not constrained to hold 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 by B*. Thus,

Wo :Kl-i—BE]k (5.13)

and

W1:K2—|—B>1k.

Consider first the optimal investment choice of a domestic firm. Substituting
the equilibrium condition 1 = r* into equation (5.2) yields the following
equilibrium condition determining the capital stock in period 2, which we
denote by K3J:

FI(KD) =1+ (5.14)

This equation implies that the capital stock in period 2 depends only on
the world interest rate and the rate of depreciation. Because the marginal
product of capital is decreasing in K>, it follows that K3 is a decreasing
function of r*. Recall that investment in period 1 is given by I} = Ko — (1 —
0)Ki. The fact that K is a predetermined variable in period 1 implies that
the equilibrium level of investment in period 1, I}, is a decreasing function

of r*.

This result marks an important difference between the open and
the closed economies. In both economies, investment is a negative function
of the interest rate r1. However, in the closed economy, 71 depends on
preferences and the level of domestic wealth, whereas in the small open
economy, 71 equals 7*, which is independent of domestic preferences and

wealth. Figure 5.7 illustrates the determination of investment in period 1 in

the small open economy.
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Figure 5.7: The equilibrium level of investment, I}

"

A

()

v

The fact that K is a function of r* alone implies that the firm’s profits
in period 2 are also a function of r* alone. Specifically, using the equilibrium

condition r; = r* in (5.1) yields,

I = F(K3) — (r* + 8)K3.

For simplicity, we assume, as in the case of the closed economy, that § = 1.3

Then, profits can be written as,

I} = F(K3) — (14 ) K3 (5.15)

3An implication of assuming that § = 1 is that Iy = K. To see this, recall that
Ko = (1 — 5)K1 + I4.
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Profits in period 1 are pre-determined and equal to

I = Q1 — (1 + 7o) K7, (5.16)

where Q1 = F(K3).

We are now ready to derive the equilibrium resource constraint of the
small open production economy. Using the equilibrium conditions (5.12),
(5.13), (5.15), and (5.16) to eliminate r1, Wy, II5, and II;, respectively, from
the intertemporal budget constraint of the household, equation (5.8), and

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

Co = (1+7°)(Q1 — Kj — C1) + F(K3)

This resource constraint states that in period 2 households can consume
whatever they produce in that period, F(K3), plus the amount of foreign
assets purchased in period 1 including interest. The amount of foreign assets
purchased in period 1 is given by the difference between output in period 1,
1, and domestic absorption, K5 + C. The resource constraint describes a
linear relationship between C; and Cy with a slope of —(1 4 r*). Figure 5.8
plots this relationship in the plane (C1, Cs). Clearly, if Q1 — K5 > 0, the
allocation C1 = Q1 — K3 and Cy = F(K3) (point B) is feasible. This alloca-
tion corresponds to a situation in which in period 1 the sum of consumption
and investment is equal to output, so that the household’s net foreign as-

set holdings in period 1 are exactly equal to zero. This means that point B

4The assumption that By = 0 implies that CA; = T'B; and S1 = @1 — C1. Can you
show why?
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Figure 5.8: Equilibrium in the production economy: the small open economy

case
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would also have been attainable in the closed economy. In other words, point
B belongs to the production possibility frontier shown in figure 5.8. As we
deduced before, the slope of the PPF is given by —F’(K3), so that at point
B, the slope of the PPF is given by —F’(K3), which, by equation (5.14)
equals —(1 + 7%).

Note that for any pair (C7,C5) lying on the PPF, one can always find
another allocation (Cf,C%) on the resource constraint of the small open
economy such that C’{ > (4 and C’é > (5. Because the PPF is the resource
constraint of the closed economy, it follows that households are better off
in the open economy than in the closed economy. We conclude that the
imposition of international capital controls (i.e., restrictions to borrowing or
lending from the rest of the world) is welfare decreasing in our model.

Consumption in each of the two periods is determined by the tangency
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of the resource constraint with an indifference curve (point A in figure 5.8).
In the figure, the trade balance in period 1 is given by minus the distance
between C7 and Q1 — K3, thus T'B; is negative. Because B is assumed to
be zero, net investment income in period 1 is zero, which implies that the
current account in period 1 is equal to the trade balance in period 1. Saving
in period 1, 51, is given by the distance between )1 and Cj. Note that
in figure 5.8 the current account is in deficit even though saving is positive.
This is because investment in physical capital, given by the distance between

Q1 and Q1 — K3, exceeds savings.

5.2 Current account adjustment to output and world-

interest-rate shocks

5.2.1 A temporary output shock

Suppose that due to, for example, a negative productivity shock output
declines in period 1. Specifically, assume that QY falls to Qi. Figure 5.9
describes the situation. Before the shock, consumption in periods 1 and 2
are CY and C9 (point A), and output in period 2 is F(K3) (point B). When
the shock hits the economy, the production possibility frontier shifts to the
left in a parallel fashion. Because the economy under consideration is small,
the world interest rate, r*, is unaffected by the temporary output shock,
and thus both investment in period 1, I7 = K3, and output in period 2,
F(K3), are unchanged. The slope of the new PPF at (Q1 — K3, F(K3))

(point B') is —(1 + r*). Because r* is unchanged, the slope of the new
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Figure 5.9: The effect of a temporary output decline in the small-open
economy with production
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resource constraint continuous to be —(1 4+ 7*). This means that the new
resource constraint is tangent to the new production possibility frontier at
point B’. If consumption in both periods are normal goods, then C; will
decline by less than the decline in output (point A’). The fact that C; falls
by less than ()1 means that savings in period 1 fall. The current account in
period 1 is given by the difference between savings and investment. Since
investment is unchanged and savings fall, the current account deteriorates.
In period 1, the trade balance equals the current account (recall that By = 0
by assumption). So, the trade balance, like the current account, deteriorates

in period 1.

The adjustment in the current account to a temporary output shock in

the production economy considered here is qualitatively equivalent to the
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adjustment in the endowment economy studied in chapter 3. This is because
investment is unaffected so that, as in the endowment economy, the response
of savings determines the behavior of the current account. The intuition
behind this result is the same as in the endowment economy: the output
shock is transitory, so agents choose to smooth consumption by borrowing
abroad (i.e., by dissaving). The economy enters period 2 with a larger foreign
debt, whose repayment requires a trade balance surplus. Because neither
investment nor output in period 2 are changed by the output shock, the

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

5.2.2 A world-interest-rate shock

Consider now a decrease in the world interest rate from r* to r*' < r*. For
simplicity, let us assume that before the shock, the current account balance
is zero. This equilibrium is given by point A in figure 5.10. In response to
the decline in the interest rate, the resource constraint becomes flatter and
is tangent to the PPF at point A’, located northwest of point A. The lower
interest rate induces an increase in investment in period 1. Consider next
the effect on consumption. By the substitution effect C tends to increase.
In addition, households experience a positive income effect originated in
the fact that the lower interest rate increases profits in period 2, II5. This
positive income effect reinforces the substitution effect on C;. Thus, in
period 1 consumption increases (point A”) and savings fall. The fact that
investment increases and savings fall implies that the current account and
the trade balance deteriorate (recall that CAy = S; — I; and that Bj = 0).

As in the endowment economy, in the production economy the decline
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Figure 5.10: A decline in the world interest rate from r* to r*
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in the world interest rate generates a deterioration in the trade balance and
the current account. However, in the production economy the decline in the
current account is likely to be larger because of the increase in investment—

an element absent in the endowment economy.
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5.3 Exercises

1. An Economy With Investment

Consider a two-period model of a small open economy with a single
good each period. Let preferences of the representative household be

described by the utility function

In(Cy) + In(Cy),

where C7 and Cs denote consumption in periods 1 and 2, respectively,
and In denotes the natural logarithm. In period 1, the household
receives an endowment of ()1 = 10. In period 2, the household receives
profits, denoted by Ilo, from the firms it owns. Households and firms
have access to financial markets where they can borrow or lend at the
interest rate r1. (ry is the interest rate on assets held between periods

1 and 2.)

Firms invest in period 1 to be able to produce goods in period 2. The

production technology in period 2 is given by

QQ =V Ila
where Q2 and I; denote, respectively, output in period 2 and invest-
ment in period 1.

Assume that there exists free international capital mobility and that

the world interest rate, r*, is 10% per period (i.e., r* = 0.1). Finally,
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assume that the economy’s initial net foreign asset position is zero

(a)

(b)

Compute the firm’s optimal levels of period-1 investment and

period-2 profits.

State the maximization problem of the representative household
and solve for the optimal levels of consumption in periods 1 and

2.

Find the country’s net foreign asset position at the end of period
1, the trade balance in periods 1 and 2, and the current account

in periods 1 and 2.

Now consider an investment surge. Specifically, assume that as
a result of a technological improvement, the production technol-
ogy becomes Qo = 2v/I;. Find the equilibrium levels of savings,
investment, the trade balance, the current account, and the coun-
try’s net foreign asset position in period 1. Compare your results
with those obtained in items (a)-(c¢) providing interpretation and

intuition.

2. Financial Crises, Bailouts, And The Current Account

Consider a two-period model of a small open economy with a single

good each period. Let preferences of the representative household be

described by the utility function

Vv C1Co
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where C7 and Cs denote consumption in periods 1 and 2, respectively.
In period 1, the household receives an endowment of )1 = 10. In
period 2, the household receives profits, denoted by Ils, from the firms
it owns. In period 1, households and firms have access to financial

markets where they can borrow or lend at the interest rate ry.

Firms borrow in period 1 to invest in physical capital. They are subject

to a collateral constraint of the form
D{ < K1,

where D{ denotes the amount of debt assumed by the firm in period
1 and k1 denotes the value of the firm’s collateral. Suppose that k1
equals 4. In turn, firms use the physical capital purchased in period
1 to produce final goods in period 2. The production technology in
period 2 is given by

Q2 =61,",

where Q2 and I; denote, respectively, output in period 2 and invest-
ment in period 1. Assume that there exists free international capital
mobility and that the world interest rate, r*, is 10% per period. Fi-
nally, assume that the economy’s initial net foreign asset position is

zero (Bj =0).

(a) Compute the firm’s optimal levels of period-1 investment and
period-2 profits. Is the collateral constraint binding in period 17

Explain.
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(b)

(¢)

State the maximization problem of the representative household

and derive the associated optimality condition.

Solve for the equilibrium levels of period 1 consumption, the coun-
try’s net foreign asset position (B7), the trade balance, and the

current account.

Now suppose that a financial panic causes banks to lower their
assessment of the value of firms’ collateral. Specifically, suppose
that k1 falls from 4 to 1. Solve for the equilibrium levels of
investment , consumption, the trade balance, the current account,
and the country’s net asset position in period 1, and output and

profits in period 2. Provide intuition.

A Bailout. Suppose that as a way to mitigate the financial
crisis, in period 1 the government levies a tax on households,
denoted 717, and lends the proceeds to firms at the world inter-
est rate. Let 77 = 0.5, and let D{G denote the debt that firms
owe to the government and D{ B the debt that firms owe to pri-
vate banks. Continue to assume that lending of private banks to
firms is limited by the collateral constraint D{ B < k1 and that
k1 = 1. In period 2, the government collects loan payments from
firms and rebates the whole amount (including interest) to house-
holds in the form of a subsidy. State the household’s and firm’s
optimization problems. Compute the equilibrium levels of invest-
ment, consumption, the trade balance, the current account, and

the country’s net foreign asset position in period 1 and output
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and profits in period 2.

(f) Is the bailout welfare improving? Answer this question by com-
puting the lifetime welfare of the representative household with

and without bailout. Discuss your result.



Chapter 6

External Adjustment in

Small and Large Economies

Chapters 3 and 5 provide the microfundations for savings and investment
behavior. This chapter takes stock of those results by condensing them in
a convenient, user-friendly, synthetic apparatus. The resulting framework
provides a simple graphical toolkit to study the determination of savings,

investment, and the current account at the aggregate level.

6.1 The Current Account Schedule

Figure 6.1 summarizes the results obtained thus far in chapters 3 and 5.
Panel (a) plots the investment and saving schedules.

The investment schedule, I(ry), is the same as the one shown in figure 5.3.
It describes a negative relation between the level of investment and the

interest rate resulting from the profit-maximizing investment choice of firms

133
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Figure 6.1: Savings, investment and the current account
r (a) (b)
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(see equation (5.2)). The schedule is downward sloping because an increase
in the interest rate raises the rental cost of capital thus inducing a decline

in the demand for equipment, structures, and the like.

The saving schedule, S(r1, 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 affects savings through three channels:
first, it induces an increase in savings as agents substitute future for current
consumption. This is called the substitution effect. Second, an increase in
the interest rate affects savings through an income effect. If the country
is a net foreign debtor, an increase in the interest rate makes its residents
poorer and induces them to cut consumption. In this case, the income effect
reinforces the substitution effect. However, if the country is a net creditor,
then the increase in the interest rate makes households richer, allowing them
to consume more and save less. In this case the income effect goes against

the substitution effect. Third, an increase in the interest rate has a positive
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effect on savings because it lowers income from profit in period 2 (Ilp). We
will assume that the first and third effects combined are stronger than the
second one, so that savings is an increasing function of the interest rate.
In section 5.2.1 we analyzed the effects of temporary output shocks in the
context of a two-period economy and derived the result that savings are
increasing in period 1’s output, (1. This result arises because an increase
in ()1 represents, holding other things constant, a temporary increase in
income, which induces households to increase consumption in both periods.
Thus, households save more in period 1 in order to consume more in period
2 as well.!

Having established the way in which the interest rate and current out-
put affect savings and investment, it is easy to determine the relationship
between these two variables and the current account. This is because the
current account is given by the difference between savings and investment
(CA; = S; — I). Panel (b) of figure 6.1 illustrates this relationship. Sup-
pose that the interest rate is r®. 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 is zero. Note
that r. is the interest rate that would prevail in a closed economy, that is, in
an economy that does not have access to international capital markets. For

interest rates below ¢, such as r?

, investment is larger than savings so that
the country runs a current account deficit. Therefore, as shown in panel (b),

the current account is an increasing function of the interest rate. With the

'In general, the savings schedule also depends (positively) on initial net foreign asset
holdings, By, and net investment income, 7o Bg. Therefore, strictly speaking, the schedule
S(r1,Q1) embodies the implicit assumption that By = 0.
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Figure 6.2: Current Account Determination in a Small Open Economy
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help of this graphical apparatus, it is now straightforward to analyze the

effects of various shocks on investment, savings, and the current account.

6.2 External Adjustment in a Small Open Econ-

omy

In a small open economy with free capital mobility, in equilibrium the do-

mestic interest rate must equal the world interest rate, r*, that is,

Ty =T".

Thus we can find the equilbrium level of the current account by simply
evaluating the current account schedule at ry = r*. Figure 6.2 shows the

equilibrium level of the current account, CA(r*). At point A, the current
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Figure 6.3: Current account adjustment to an increase in the world interest
rate

]
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account schedule C'A(rq;...) and the world interest rate intersect.

6.2.1 Interest Rate Shocks

We begin by revisiting the effects of world interest rate shocks. Suppose a
small open economy that initially faces the world interest rate *° as shown
in figure 6.3. At that interest rate, the country runs a current account deficit
equal to CA°. Suppose now that the world interest rate rises to r*! > r*°.
The change in the world interest rate does not shift the current account
schedule. Hence the equilibrium value of the current account is given by the
point where the (unchanged) current account schedule intersects the new
higher world interest rate level. The higher world interest rate encourages
domestic saving and forces firms to reduce investment in physical capital.
As a result, in equilibrium the current account deficit declines from C' A° to

CAL.
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Figure 6.4: Current account adjustment to a temporary increase in output
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6.2.2 Temporary Output Shock

Consider next the effects of a temporary positive income shock, that is,
an increase in Q1. We illustrate the effects of this shock in figure 6.4.
Suppose that @ is initially equal to QV. At the world interest rate r*,
savings are equal to Sy, investment is equal to I, and the current account
is CAY = SY—I?. Suppose now that @1 increases to @1 > QY. This increase
in )1 shifts the saving schedule to the right because households, in an effort
to smooth consumption over time, save part of the increase in income. On
the other hand, the investment schedule does not move because investment
is not affected by current income. The rightward shift in the savings sched-
ule implies that at any given interest rate the difference between savings
and investment is larger than before the increase in income. As a result,
the current account schedule shifts to the right. Given the world interest

rate, the current account increases from C'AY to CA}. Thus, a temporary
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increase in income produces an increase in savings, and an improvement in
the current account balance while leaving investment unchanged.
Note that if the economy was closed, the current account would be zero

before and after the income shock, and the interest rate would fall from

r0 to rl. This decline in the interest rate would induce an expansion in
investment. Because in the closed economy savings are always equal to

investment, savings would also increase.

6.2.3 An investment surge

Suppose that in period 1 agents learn that in period 2 the productivity of
capital will increase. For example, suppose that the production function in
period 2 was initially given by F(K3) = /K2 and that due to a techno-
logical advancement it changes to F(K3) = 2v/K;. Another example of an
investment surge is given by an expected increase in the price of exports. In
Norway, for instance, the oil price increase of 1973 unleashed an investment
boom of around 10% of GDP. In response to this news, firms will choose
to increase investment in period 1 for any given level of the interest rate.
This scenario is illustrated in figure 6.5. Initially, the investment schedule
is 1°(r1) and the saving schedule is S%(ri, Q7). Given the world interest
rate r*, investment is I{ and savings is SY. As shown in panel (b), the cur-
rent account schedule is CA%(r, Q1), and the equilibrium current account
balance is CAJ. The news of the future productivity increase shifts the in-
vestment schedule to the right to I'(r;), and the new equilibrium level of
investment is I{, which is higher than I?. The expected increase in produc-

tivity might also affect current saving through its effect on expected future
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Figure 6.5: An investment surge
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income. Specifically, in period 2, firms will generate higher profits which
represent a positive income effect for households who are the owners of such
firms. Households will take advantage of the expected increase in profits
by increasing consumption in period 1, thus cutting savings. Therefore, the
savings schedule shifts to the left to S'(71, Q1) 