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Ahstract

This paper develops a dynamic model of an open coonomy whose objective is to
maximize total utility from consumption while facing a stochastic capial accummuiation
constriant. Implicit solutions for the control vanables, the domesic capital stock and the
stock of foreign debit, are obtained. When facing uncertainty, the optimal policy 15 to
smooth the time path of real consmmption by using one of the controls according w us
implicit solutions.  Neeessary condihions for rapid debr accumulatton are |- that the
variance of the unanticipated portion of new debt flows increases relative to the vanance
of the unanticipated portion of new domesiie savings, and 2: the correlation between the
continuous time shocks to both domestic savings and new forcign debt Qows must be
positive,  Estimates of investment, savings, and new debt flow functions suggest that
condition two 13 not satshied, on the contrary, the correlation 15 negative tor 1§ out of 13
countries sampled. The predictions of the model under this circumstance are confirmed
by the cmpinwal evidence; despite a relatively higher restdual variance, the countrics
sampled appeared w switch to forcign debt as a means o maintaa consumpon fevels,
It is quite ;;ossibifc that unanticipated negative shocks to domestic savings forced this
behavior, despite accumulating a relatively risky asset. This could explain the rapid
accumulation of debt over the last 20 years, despite high uacertainty in international
capital murkets. Unit-root tests on {6 South American developing ¢cconommes do lend
Justification 1o the use of real shocks to wvestaent w pardy determining the time path of

real gross national prodoce,
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Chapter 1: A.Summary of the History of Sovercign Borrowing
by Lesser Developed Countries

1.1 Introduction

Due to the recent ‘evem; ;)f the late 1970's and the "debt criéis" -of 1982, an
) explosxon of acadexmc papers has emerged giving pohcy prescnpuons to alleviate the
rclatwely high levels of foreign debt hcld by many lesser developcd countries (LDCs)
The bulk of these papers do nbt resort to economic models to amve at their pohcy
recommendations. Rather they contain a mixture of historical precedent and genuine
panic and fear. The knee-jerk reaction of private and institutional lenders to this crisis
has generally becn both to raise.lending rates' and to reduce the availability of credit to
~ troubled LDCs, in an effort to cut their losses. It remains a question whether’ thc
* appropriate response of lenders to the spectre of major loan defaults is to impose -
stringent credit conditions upon borrowers, or to gamble fresh loans with the hope of

pulling the borrower out of difficulty. |

?

This paper develops a dynamic model of.an open economy whose objective is to
maximize total utility from consumption while facing a stéchastic capital accumulation
constraint. Imblicit solutions for the control variables, the domestic capital stock and the
stock of foreign debt, are obtained. When facing-uncertainty, the optimal policy is to
smooth the time pﬁth of real consumption by using one of the controls according to its
implicit solutions. Necessary conditions for rapid debt accumulation are 1: that the
variance of the unanticipated portion of new debt flows increases relative te the variance
of the unanticipated portion of new domestic savings, and 2: thé correlation between the
continuous time shocks to both domestic savings and new foreign debt flows must be
- positive. Estimates of investment, savings, and new debt flow functions suggest that
condition two is not satisfied, on the contrary, the correlation is negative for 11 out of 15

L
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countries sampled. * The predic;tihons’of the niodél under this circumstance are confirmed
by the empirical evidence; despif: a relatively higher residual variance, the countries
sampled appeared to switch to foreign debt as a means to maintain consumption levels.
It is quite possible that unanticipated negafive shocks to domestic savings forced this
behavior, despite accumulating a relatively risky asset. This could explain the rapid
accumulation of debt over the last 20 years, despite high’uncertainty in international
capital markets. Unit-root tests on 16 South American developing economies:dg lend

‘justification to the use of real shocks to investment in partly determining the time path of
real GNP. | T '

3

1.2 Early History
2
The purpose of this section is to introduce the reader to the historical patterns of
sovereign borrowing since the 1820's up to the late 1960's. Generally most borrowing

took the form of large bond issues with moderate maturities and generous rates of -

development of international banking and world capital markets, the average.bond -
premium fell over the sample period: 1850-1914: 2.36% ; 1915-1945: 1.75% ; 1946-
1983: 1.17%. Despite several major.defaults, Lindert and Morton conclude’that lending

to sovereign governments was.quite profitable.

Figure 1.1 illustrates the unstable behavior of real borrowing volume in U.S.

dollars2. Ignoring the spike of 1895, caused by heavy Russian borrowing, the largest

" 1 The ten countries used were Australia, Argentina, Brazil, Canada, Chile, Egypt, Japan, Mexico,
Russia, and Turkey.

2 Note that this time-serics reflects not only U.S. dollar lending, but lending in many different currenciés
converted to U.S. dollars at the appropriate exchange’rate.
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N,
lending periods were 1906-1914 and after 19703, During the years of the Second
World War up to the late 1960's, gross lending to the group of ten countries ‘was nc;t
sufficient to offset debt service payments, causing net lending to appear negative.
Lindert and Morton identified waves of Vhigh borrowing usually followed by the partial
or complete defaults of heavily indebted borrowers. The first noted wave of high
borrowing was during the 1820's, after which most Latin 'Am'erican governments
defaulted. The end of the lending wave of the 1880's featured relatively few defaults,
with the most notable’bcir{g Argentina's partial suspension of debt-service payments, and
Colombia's constant threat of complete default. Brazil, Mexico, and Russia defaulted
following the 1910-14 lending wave. The cases of Mexico and Russia are different in -
that defaulf followed quickly after revolution. The period of negative net lending after
1930 \followed a wave of euphoric lending during the opulent 1920's. This periodlof
credit restraint carried with it major defaults by most Latin American countries, Eastern
Europe, Turkey, and China. During this period the chief imeans of financing
international lending switched from bond issues to concessionary refunding by both

governments and the LM.F.

Statistics reflecting aggregate debt during the early years of sovereign borrowing
are not available in great detail. The earliest available data goes back to 1913, Just
before WorId War I, the largest creditor nations were the United Kingdom, France, and
Germariy, while the largest Idebtor areas were Europe, Latin America, the United States,
and Asia. Table 1.1 gives a breakdown of the dollar amount of lending and percentages.
The methods and objectives of the major creditors differed. In Britain, private enterprise
subject to government regulation was the driving force behind international lending. In
France and Germany, government was the largest source of funds for lending, largely
bcéausc soL\'creign lending was seen as a method to achieve national objectives. Most

British lending was channeled into portfolio investments (railway bonds, government

-

3 The post-1970 data is slightly exaggerated due to the inclusion of Eurodollar Iending and World Bank
disbursements.
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andv municipal securities, and bank and industrial bonds) with sovereign gharantées. By
providing capital to developing countries of recent settlement, British foreign lending
helped develop lbgal economies and stimulate international trade. The bulk of French -
lending went to f":nénce armaments in Russia and Latin Ameriéa, while Germany
provided funds to allies in order to strengthen their military power and generate a surplus
ir; the German‘tra’de account. After World War I, France and Germany suffered great

losses on these ill-advised loans.

In between the two great wars, the United States emerged as tﬁe world's lergest
provider of sovereigri lending. During the roaring twenties, large inflows of European
capitél established New York as a major financial center. By 1921 the‘United lStatcs had
far surpassed the level of lending of Britain. Unfortunately the United States was an
Jinexperienced lender (both sovereign and private creditors). This fact, as well as the
Great Depression of 1929-33, resulted in a staggering percentage of U.S. loans tliming
sour. Of the $43,,457 million of outstanding bonds held by the U.S. in 1945, $2,041
million or 45.8% were in default. These were distributed geographically as follows:
86.8% of European bonds, 60.1% of Latin American bonds, 56.1% of Far Eastern bonds,
and 0.3% of Canadian bonds were in default?.

From 1945 to 1950, the United States remained the world's largest credito; to
developing nations with total lending and grants of some $9,300 million. During this
period foreign nations required massive capital inflows in order to rebuild war-torn
economies. Unfortunately net lending to these countries was negative as seen in Figure
1.1. This rather prudent level of lendjpng was a response to the large losses incurred
before the Second World War. U.S. foreign aid slowed somewhat during the 1951-60
period (0. $6,500 million, largely due to the establishment of intemational‘ foreign aid

agcncies‘such as the International Monetary Fund. By 1961 official ces of leading

4 Angclini, Eng, and Lees (1979), p. 4.
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Figure 1.1
Real Net Investment by Foreign Creditors
in the Sovereign Debt of Ten Countries
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Source: Lindert, Petcr H. and Morton, Peter J. "How Sovereign Debt Has Worked.” Working Paper
Series No. 45: University of California-Davis, 1987.
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reached 66.6% of total developed country lending. The 1960's were characterized by the

tremendous growth of multinational corporations and commercial banks, the increased

importance of Western Europe and Japan as providers of international credit, and the -

establishment and initial growth of the Euromoney and Eurobond ‘markets. Lboking
ahead into the 1970's, Euromarkets quickly became established as the main alternative to
the LM.F. and the World Bank.as a source of funds for sovereign lending.

Unlike the situation at present, the lender's response to borrower default sometimes
went beyond debt renegotiation. In fact, the short history of intematiqhal sovereign
lending is sprinkled with several interesting episodes of "gunboat di\blomacy". In
response to Egypt's partial default on outstattding bond issues in 1879, the British and
French governments arranged for the replacement of the Khedive Ismail with his son,
Tewfik. In effect, Britain and France took over control of Egypt's fiscal revenues and
managed these revenues to serve the interests of European creditors. Egypt never
regained her national sovereignty until after the Second World War, and only after

paying a heavy debt-service load with an average interest premium of 2.92% per annum.

¥
s

Throughout the early 19th century, Mexico floated large bond issues and defaulted*

regularly. The crisis peaked in 1859-61 when the governments and military forces of
Britain, France, and Spain attempted to seize control of the customs duties previously
used to pay private creditors. The situation did not improve until 1885-86, after the
overthrow of two government regimes during the interval. Mexico benefited from

revived lending until the Revolution of 1911.

Several other instances of diplomatic and military pressure are worthy of note.

TR} & . ) . - -
Venezuela capitulated to military pressure in 1902; the Dominican Republic suffered an
invasion in 1905 by the U.S. Marines in order to seize control of customs revenues;

Nicaragua suffered the same fate in 1911-12; and Mexico, Turkey, and the Soviet Union



>
B
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Chapter 1:1LDC Debt Overview

Table 1.1
Main Creditor and Debtor Countries, 1913
‘ Gross Credits | Gross Debts

($1.000m) (%) ($1,000m) (%)
United Kingdom . 18.0 40.9 Europe 120 273
France 90 204 Latin America 85 193
Germany - 5.8 13.2 United States 6.8 ;15.'5
Belgium, Netherlands, Canada | 3.7 -84
Switzerland 55 125 Asia 6.0 13.6
United States 35 8.0 Africa * 4.7 10.7
Other Countries 2.2 5.0 Oceania 23 3.2
Total 440 1000 | 440 1000

Source: A. Angelini, K. Eng, and F.A. Lees. Intematignal ngglng,Rngk, and the Euromarkets (John
Wiley & Sons: New York), 1979.
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were denied fresh loans after their defaults before and during World War, L

Despite attempts to brihg press;ue upon. the government of Czarist Russia bétWeen
1888 and 1914, private creditors were quite powerless tc; prevent the complete loss of
their lent capital in 1917. During this period of large bond issues, the Russian
goverriment used the borrowed capital to build railways which s:rviccd mainly French
troop movements and armaments suppliers, all in private consultation with the French
government. The Allied governments accepted these services as a forrn of repayment,‘
unknown to private creditors. A portion of the borrowed capital also went_tqwards
‘insuring that future bond issues could be accommodated quickly. This activi'ty:_took fhe
form of bribing the foreign financial press to give favorable accornts of Russia's
financial position, usually on the eve of a new bond issue. Another portion of .new
borrowing was strategically placed in foreign private and central banks, whose |
governments might have attempted to impose trade restrictions, or some other punitive
measures on Russia. By moving these large accounts in and out of banks, pressure could
be brought upon foreign governments to reconsider their actions. Essentially no
European country could afford not to lend to Russia. | |
Lindert and Morton (1987) note a striking consistency between countr’ieS with
histories of payments problems and those countries with curreﬂt payments problems.
The authors suggest four possible reasons for this pattern. Certain countries, by néiﬁre
of economic endowments and geography, are always more susceptible thanv others to
external shocks whfch trigger debt crises. Secondly, the case of Mexico suggests that
\political doctrine is transferred from one policy regime to the next. Thus selfish policies
such as the inflation tax, which promote debt difficulties, are not abandoned without
considerable external pressure. Thirdly, governments which suffer no penalties as a
result of past defaults do not fear debt difficulties in the futux‘é). Lastly, higher interest

premiums and shorter maturities, which are responses to impending debt crises, could
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actually accelerate the onset of the crisis.

Whatever the cause of persistent debt problems in many LDCs, it is clear thét Lhese
countries suffered little, if any, punishinent for their irresponsible domestic policies. The
"gunboat" measures already discussed were only short-term, and were usually followed
by a large supply of fresh credits. The exception is the 1930-1968 period of low or
negative net lendmg However this period is deceiving since all LDC borrowers were
credit constrained, not just the risky ones. During the sweeping popularity Qf trade
protectionism after 1934, bilateral trade agre;ameﬁts favored defaulting countries as often

as not.

1.3 The Debt Crisis Since 1 970‘

The decade following 1969 witnessed the largest growfh of LDC indebtedness in
the short history of foreign lending markets (see Figure 1.1). Over the period of 1973-
1984, the average annual growth in the nommal debt of the ten largest debtor countries
) averagcd 22%, with the total debt of these counmes ballooning from $49 billion (U.S.)
in 1973 to $405 billion (U.S.) by 1984. Table 1.2 provides a breakdown of the debt |
explosion for the ten largest borrowers over this penod. Mos; of this accumulation of
debt took place in tﬁe mid-1970's with a gradual reduction in growth up to 1984. The
late 1970's and early 1980's experienced rai)idly rising real interest rates thus placing a
heavy burden on LDC's to make debt service payments.. In fact, by 1981 interest
payments on the debt of both highly indebted countries” and major borrowers?

exceeded repayments of prmcxpal. This trend is seen clearly in Figures 1.2 and 1.3.

5 These are categorics used by the World Bank. Highly indebted countries as of 1987 were Argentina,
Bolivia, Brazil, Chile, Colombia, Costa Rica, Ivory Coast, Ecuador, Jamaica, Mexico, Morocco, Nigeria,
Peru, Philippines, Uruguay, Venczucla, and Yugoslavia.\ Major borrowers were Argentina, Brazil, Chile,
Egypt, India, Indonesia, Israel, Korca, Malaysia, Mexico, Turkey, and Venezuela.

9
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‘ Coincidihg with the rapid developmeht of Eurodollar markets, total lending to
LDcs was increasingly miide up -of lending by private banks In 1961, lending from
official sources, such as tbe World Bank, the LM.F., and the Ex-im bank, comprised
- some 66.6% of total lending. By 1976,‘this percentage had fallen to 44.9% with private
banks making up the differenceb. A large percentage of private loans charge a rate of
interest which is LIBOR pfus a country-specific risk premium. Of ‘total loans only 7%
were floating rate loans-in 1973. However by 1982 this figure rose to 37% for all
borrowers, 42% for the major debtors, and in excess of 75% for Latin American

" debtors’.

. The most commonly cited‘ indicator bgf mounting debt difficulties is the debt-export
ratio. Changes in this ratio should reﬂect the ability of the borrowing country to serv1ce
E its debt throu gh export earmngs Flgure 1.4 depicts the debt-export ratio for both highly
* indebted borrowers and major borfowers over the period. 1970-1985. Generally the ratio
showed little movement unnl 1980 when the ratio increased dramancally to near 200%
for both categones of borrower Desplte the rapid accumulation of debt in the mid-
seveaties, the ratio did not respond until the 1980's when export earnings fell heavily, In
" most cases the fall in export earnings was caused by events beyond the control of the
borrower, such as the genera‘l‘ fall m world aggregaté demand due to the global recession
. of 1981-82. However in some cases the cause can be attributed to overvalued exchange
rates coupled wnh hxghly mflauonary domestic pollcres More will be said on this issue
_shortly.

A further revealing indicator of the debt difficulties encount\Ered by developing -
countries over the period is the grant element of lendir;g. The g_r;nt equivalent of a loan '
is its commitment value, less the discounted present value of its contractual debt service;

convenﬁonally, future service payments are discounted at 10 percent. The grant element

6 Angelini, Eng, and Lees (1979), p. 6.
7 Heffernan (1986), p. 13.

10
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14 .

of a loan is the grant equivalent expressed as a percentage of the amount committed. It
is used as a measure of the overall cost of borrowing. ' Loans with an original grant
element of 25 percent and above are defined as concessional. Figure 1.5 illustrates the
grant element of lending for both categories of borrowers over the period; 1970-1585.
The grant,element is below 25% for the whole sample period and is negative for the
-early 1980's. Lending after 1969 occurred only at "hard" terms, that is, at relatively high
borrowing rates and short maturities. Thus it may be surmised that lenders were partly

to blame for bringing on losses due to default and rescheduling.

Unlike the pre-World War II period, the modefn period of sovereign borrowing has

not elxperie'nced any episodes of "gunboat diplomacy" to recover losses .incurred by
default. Cutright default is a rarity today, even though many LDCs appear swamped by
the service payments necessary for old debt. The modern period has brought with it debt
rescheduling as the principal method to handle crises. In this way, problem borrowers
may continuously roll-over old debt into new debt, thus avoiding any possibility of being
denied future access to credit markets, as happened frequently during the historical
period. Debt rescheduling doqs not come without heavy costs. Lending rates on new

~debt packagés typically exceed LIBOR by a higher percentage than the old debt as well

Foecas being of a shorter maturity. These high costs do not seem to deter problem debtors

from using debt rescheduling as a method of delaying payment of old debt to the future,
and obtaining a fresh inflow of new funds. Table 1.3 provides a short history of debt
rcschcduling during the modern period of lending 1975 - 1983. In both number$ and
dollar amounts the number of official and private rescheduling has shown a fairly

consistent upward trend to 1983,

i

11
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Table 1.2
Total External Debt of the Ten Largést Borrowers, -1973-1984

(US $ billions) s Avg. Yr.
Country 1973 1975 1977 1978 1979 1980 1981 1982 1983 1984 %A
Mexico 8.6 169 27.1 33.6 408 538 67 846 90 90 260
Brazil 13.8 233 35.2 484 574 66.1 757 822 93 100 210
“Argentina 64 79 9.7 125 19.0 27.2 357 38.0 40 42 20.0
Chile 32 54 56 79 95 114156 172 18 19 189
Venezuela 46 5.7 123163 237 275293 313 31 32 210
Peru 14 40 57 64 79 92100 112 13 14 250

Indonesia 57 89 128 145 149 17.0 180 219 26 30 164
Philippines # 19 3.8 7.1 93 112 139 173 207 26 32 300

Egypt . 22 59 100 129 154 17.8 203 218 24 26 270
Nigeria 12 11 09 33 52 Il 929 112 16 20 300
Total 49 83 '126 165 205 251 299 346 377 405 22.0

% change 69.2 52.5 30.6 242 224 190 158 89 74

Source: Webswr Thomas J. Mm&mwmmmalﬂwm

ia i il-E Unpubhshed Ph.D Disscrtation, City University of New
York, 1985.

12
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Figure 1.2
Debt Service of Highly Indebted Countries

($US millions) 1970-1985
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Figure 1.4
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Source: World Debt Tables, Washington: World Bank, 1986.
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“The latest major rescheduling occurred in 1987 when Brazil suspended debt service
- payments for most of the year. This tactic fesultcd in a rcscheduling package of

approximately $2 billion.

/’
&

Several ihypotheses have been put forth in the literature for the causes of th;’,.
historically high levels of indebtedness of developing countries whdﬁcan’ill,afford it.. On |
the supply si.de, the LM.F. (1983) has identified three main causes:

. | . .

1) The average real interest rate on LDC external debt over the period 1961-1970
was 4.1%38. This rate dropped to an astounding -0.8% over the 1971-1980 period. By
1981-1982, real interest rates had begun to rise dramatically as inflation declined but
nominal interest rates remained high. At this time LIBOR rose to an average of 14.8%
resulting in-an average real interest rate in 1982 of 11.0%. The I.M.F. estimated that
more than one-third of the rise in LDC debt during the late seventies was due to an
increase in net interest payments, the excess of interest payments on external debt over

interest received on reserves and other financial assets.

2) A sizeable deterioration in the terms of trade for most developing country
debtors resulted in reduced export revenues to finance domestic investment and
consumption expenditures. Already heavy debtors had to borrow even more funds in
the late seventies to make up the difference. Between 1979-1982, the terms of trade for
all LDCs fell by 13%, while falling by 20% for oil-imponing LDCs:.. This rapid
deterioration was largely due to the worldwide recession brought on by oil price shocks
and tight monetary policies of the developed nations. The L.M.F. estithates that this

effect was responsible for another one-third of the increase in LDC indebtedness.

>
&

#

£
8 Cline (1984).
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Figure 1.5
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Table 1.3
. Incidence of Rescheduling (1975-1983)
Official debt rescheduling® Bank debt rescheduling!0
Year Number U.SS millions ~  Number - . U.S.$ millions
1975 1 230
1976 1 270 ‘ *
1977 3 249
1978 3 1,783 2 449
1979 4 2,987 2 2,847
1980 3 3,072 5 1,243
1981 ) 7 1,079 6 1,65611
1982 6 529 6 4,867
1983 9 4,219 20 59,28812

Sou:ce D. McFadden, R. Eckaus, G. Feder, V. Hajivassiliou, and S. O'Connell. "Is There Life After
Debt? An Econometric Analysis of the Creditworthiness of Developing Countries." in [nterpational Debt

and the Developing Countries edited by G.W. Smith and J.T. Cuddington, Washirfgton:World Bank,
1985.

9 Seven countrics have rescheduled debt more than once.

10 Signed or agreed in principle, excluding two nonmembers of the IMF.

11 Excluding two Eolish reschedulings with a combined total of $4.6 billion.
12 Excluding a Polish rescheduling for $1.0 billion.
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3) Increases in oil prices, particularly in oil-importing LDCs, contributed the
remaining one-third of the increase in indebtedness. Between 1973-1984, the spot pric;cﬁ
.of Saudi Arabian crude rose from $2.70 per barrel to $30 per barrel, an astounding
‘increase even when discounted for inflation. On the other hand, large OPEC current
account Surpluscs proVided ample funds for LDCs to finance these oil price shocks. The
period of the 1970's witnessed a massive movement of funds to OPEC'produccrs, which
then were recycled into petrod.ollars and placed ‘in Eurocurrcncy banks. In 1973, OPEC
ran a combined current account surplus totalling $7.7 billion, while non-oil producing
LDCs ran a combined current account deficit of $6.2 billion13, One year later, the
OPEC current account surplus expanded to $59.5 billion, while the non-oil producihg
LDCs fell to a deficit of $23.3 billion. OECD banks receiving the large gush of new .
deposits enthusiastically used ihe funds to invest in domestic and foreign real estate,
government securities, precious metals, and loans to LDCs. The rapid increase in

international liquidity served to postpone the LDC debt crisis until the early 1980's.

Dormbusch (1985) takes a diff_‘cren‘t approach to explaining the causes of the debt
crisis in the 1980's than the traditional reasons already discussed. By analyzing the
separate components of external debt, Dombﬁsch explains' how domestic policies
designed to maintain an overvalued exchange rate could have contributed to high levels
of debt. Formally, the increase in net external liabilities is:

Increase in net external liabilities = Private investment - Pri\jate saving + Budget -

deficit

In this simple relatio:}ship. external debt can the result of increases in private
investment, decreases in private saving, or increases in the budget deficit. Each cause is

analyzed in turn.

13 Webster (1985).
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An overvalued fixed exchange rate will lead to expectations of future exchange
rate depreciations if investors are forward looking. Investment is affécted through two
channels. An anticipated depreciation implies capital gains on imported goods. In this
case firms would purchase imported goods before the anticipated depreciation and hold
them to collect capital gains. This behavior is dampened by three effects: the increasing
marginal cost of carrying inventories, the uncertainty about future prices, and the
| opportunity cost of tieing investment funds into inventory (the nominal rate of interest).
If the anticipated depreciation is not reflected in higher nominal interest rates and the

variance of price changes is small, inventory investment should rise.

If fixed investment has a high import content, changes in the real exgchangc rate
will affect the user cost of capital. If the real exchange rate is overvalued, fixed
investment will be high to the reduced user cost of capital. Once the :mticipatcd
depreciation occurs, fixed investment will fall. Thus overvaluation will léad to both high
inventory and fixed investment, which through through the net foreign liébilitics
equation, will raise debt demand ceteris paribus.

Multiperiod saving is a function of the present value of all future anticipated wealth
(present value of after-tax labor income plus initial assets) and the real rate of interest.
In this case, the real interest rate is the world nominal rate less the domestic rate of
inflation. Anticipated increases in future after-tax income will cause dissaving in the
current period in order to smooth savings and consumption behavior. With high
intenempo;ral substitutability of savings and consumption, savings will fall in periods of
low real interest rates and rise in périods of high real interest rates. In addition, an
overvalued exchange rate reduces the price of consumer durables relative to the real rate
of interest. Thus a transitory overvalued exchange rate will lead to dissaving. Through
the \nit foreign liabilities equation, reduced savings will increase the demand for debt

ceteris paribus .
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=

In order to generate a mechanism between the exchange rate and the budget deficit,
the assumption of Ricardian equivalence must be invoked. Any increases in the current
budget deficit lead to consumer expectations of higher future taxes to finance the higher
deficit. When these higher future taxes are ‘discounted, consumers will increase current
savings by the correct amount. However in the international debt situation, the link
between higher future taxes and reduced current savings is not perfect since higher
foreign bqrrowihg and eventual debt default are always an available alternative.
Following a policy of supporting an overvalued exchange rate will raise the current flow
of debt service payments. To the extent that these higher payments are financed by
additional foreign borroWing, net f%giign liabilities will increase. However this effect
will be dampened by consumer anticiffations of higher future tax collections causing an
increase in current savings. It i¥ the possibilify of debtor dcfahlt ;avithout cost which
causes a net increase in net foreign liabihﬁe§. |

/ "

What has been the response of major lenders to the gloomy debt situation of the
1980's? Bennett and Zimmerman (1988) provide some revealing statistics for U.S.
banks. Outstanding loans to LDCs fell from a total of $152.6 billion in 1981 to $133.6
billion at the end of 1986. Moreover only a small percentége of new lending represents
fresh loans. The bulk of recent lending reﬁects rollovers of already existing loans or
rescheduling. As measured by secondary loan markets, US banks suffered large
declines in the market value of their outstanding LDC debt. However it is only recently
that a portion of the capital loss was written down in the form of loan loss reservesl4.
To counter the effects of the decline of the market values of their portfolios, US banks
resorted to accumulating capital through retained earnings, sales of assets, and sales of
new equity and subordinated debt, as well as curtailing asset growth overall. As a result,
LDC loan expos;ure relative to book capital fell from a peak of 243 percent in 1982 to
115 percent in 1986. However as a percentage of total lending to book capital, LDC

lending has claimed a rising share since 1982. Perplexingly the decline in bank exposure

14 Over $19 billion was added to loan loss reserves during 1987.
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has been most dramatic for those LDCs not experiencing debt problems. Exposﬂre to

the "Baker Fifteen"15 rose as a percentage of U.S. banks' international ioanS\ -
outstandmg from 25.9% to 31.3% between 1981 and 1986. Thus while total lending to
LDCs has declined in response to the debt difficulties of the early 1980's, the shaye of

i
1

1
i

i

U.S. bank exposure to the most problematic LDCs has actually increased.

1.4 Summary

I
1
1
1
J

While this chapter has suggested that the current international debt situafion is }mt
unprecedented in the short history of international capital markets, it does suggest ti)at
the magnitude of accumulated LDC debt is much higher than ever seen before in 'ryeal
‘terms. The characteristics of these markets changed considerably after the 1960‘75.
Forms of debt switched from almost complete domination by bond issues (of modcraﬁe
to long maturity and relatively low lendmg rates) to official and private loans (of shdn
maturities and relatively high lendmg rates). The exploslon of international lending 1§1
the 1970's followed a long period (1930-1968) of net.negative lendmg caused by thp
overly cautious reaction of private and sovereign lenders to the defaults of the early
twentieth century (particularly those of Russia and Mexico which followed revolutions)‘;

Bond premiums (over the U.S. fong term Treasury bill rate) fell gradually over the pre-

1970 period indicating a softening of credit terms. In the post-1969 period, risk

premiums over LIBOR were generally comparable to bond premiums in the historic

period, allhodgh the lending rates on, short term loans were much higher than the lending?\

rates on bonds. Perhaps coinciding with the similar risk premia is the fact that problem

debtors of the historic period tend to be the problem debtors of today.

With the establishment of fixed exchange rates in 1944 under the Bretton Woods

3

15 The "Baker Fiftcen™ being the fifteen major LDC debtors identified in Trcasury Sccrctary James
Baker's 1985 rescheduling plan. These countrics include Argentina, Brazil, Mexico, and Venczuela,
among others. .
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agreement, the role of the LM.F. assumed increasing importance over the historic period.

The LM.F. had the power to approve or order changes in par values if the member

: counﬁy’s. balance of payments problem was deemed to be a ‘fundamental disequilibrium'.

N

If the problems were not of a fundamental nature, members were granted access to credit
facilities. Generally the lI.M.F."scrved its role very well until the 1970's. Between 1978
and 1980, as many LDCs experienced severe balance of payments difficulties, the
average share of fund credit as a percentage of external finance for LDCs was only 2%,
rising to 7% by 1981. Wiith the rapid development of international capital markets and
large supplies of petrodollars available, the LM.F. has been reduced to a lender of last
resort role. Since the ad(;ptioh of flexible exchange rates, the ability of the LM.F. to

fulfill its role has been greatly eroded.

The generally accepted reasons for the rapid increase in the stocks of real debt of
developing countries durihg the late 1970's and early 1980's, were high real interest
rates, unexpected declines }n the terms of trade, oil price shocks, and the maintenance of
overvalued nominal exchange rates. All of these éxplanations, except perhaps for the
last, can be characterizedéas unexpected real shocks. These real shocks placed a high
burden on the ability of the borrowing country to generate sufficient incom? internally to
finance debt service payments and maintain a current standard of living. To achieve
these objectives, more debt must be taken on until such time that developing economies
:ire healthy enough to generate enough savings at home. Debt can be used as a method
to transfer future consﬁmption to today in order to smoothen consumption
expenditures!6. This ability to smoothen consumption does not mean that the funds
from new debt are merely used to purchase non-durable consumption goods, rather the
néw debt can be invested in durable capitdl equipment in? order to raise output. With a
constant marginal propensity to consume, consumption is maintained at previous levels.

This transmission mechanisim will be explained further in Chapter 3.

16 |ikewise it can be reduced in order to transfer current consumption to the future in the case of an
unexpected shock which increases the ability to produce output.
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Chapter 2: Review of Relevant Literature

The growth of the debt capacity and country risk literature has pma*lcld the
growth of developmental assistance programs by major organizations, such as the World
- Bank and the LM.F,, to lesser developed countries since the late 1250’s. Typicallydthcsé
~ studies focused on a two-stage process: 1) the determination of thc’ "absorptive capacity'f

of the underdeveloped economyl7 ; 2) an analysis of the conditions under which
external finance can successfully stimulate economic growth and avoid debtor default.
Since the mid 1970's the theoretical emphasis shifted from the first stage to the second,
particularly focusing on optimal loan contracts to precludé debtor default. A large
empirical literature emerged as well, which studied leading indicators which may give
lenders information as to the risk inherent in offering a loan contract to a particular
borrower. This chapter will not treat tflcoretical and empirical approaches separately
since many empirical techniques are derived from theoretical modelling. The chapter
will show that none of the models surveyed adequately explains the rapid debt

accumulation of the 1970's.

The empirical analyses of debt capacity and country risk can be dividcd into four
broad mo&élliﬁg techniques: discriminant models, principal components models, lqgistig
models, and disequilibrium models!8. Each method answers a different question\ thus
the results are not comparable across models. A summary discussion of thci prablems

B

inherent in these models will be provided in order to avoid unnecessary repetition.

17The "absorptive capacity” is the level of invcsmehl beyond which investment can no longer be raised
due to a scarcity of factors of production (Gulhati (1967)). "Absorplive capacity” is found wherc l‘ng
marginal rate of return on investment is equal to the appropriate discount rate.

18 A fifth method used by Fisk and Rimlinger (1979) uses a nonparametric approach to test whether
certain key economic variables are close to their values for previous cases of debt rescheduling. This
approach does not test for u}e‘ significance of risk indicators.
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2.1 Discriminant Models

Frank and Cline (1971) used discriminani analysis to imalyzc debt-rescheduling

behavior of 26 countries over the period 1960 to 1968. The purpose of discriminant

analysis is. to identify independent variables which can be used to group countries into:

one of two categories: rescheduling and non-rescheduling. The technique is si:ixilar to a
multiple regression on a binary dependent variable. Frank and Cline chose 8
independent variables and found that only three were statistically significant at the 5%
confidence level: the debt service ratio19, the impdrts/rcscrvcs ratio, and the
amortization/debt ratio20, Unfortunatcly the sample period containca only 13 debt
reschedulings out of 145 observations lcadmg one to question the ability of the model to
statistically d15ccm between the two groups of countries (10 of the 13 rescheduling cases
were predicted), parncularly when obtaining out of sample predictions.

s -

Usmg a set of 20 independent variables Grinols (1976) performed a discriminant

analysis for 64 countries over the samble period 1961 'to 1974. Five mgmﬁcanb

independent variables were found: the debt service/reserves ratio, the disbursed
debt/debt service ratio, the debt scrviééﬁmports ratio, the total debt/GDP ratio21, and

the total debt/exports ratio. The errors in predicting debt reschedulings were almost

50% lower than those obtained by Frank and Cline, although the two results are not -

directly comparable due to different samples.

Sargen (1977) incorporated a monetafy approach to debt rescheduling by including

as independent variables the rate of inflation gnd the rate of mdnctary growth. An

increase in the price of a representative domestic non-traded good lowers the relative

price of imports, hence increasing the demand for foreign capital through a worsening

19 The dcbt-service ratio is the ratio of débt repayments, including both interest and principal, over the
flow of exports for a given period ot time. ' )
-20 The amortization/debt ratio is the ratio of debt scrvice payments on principal only over total debt.

21 Total debt, as distinguished from debt outstanding, includes debt which is undisbursed.
24
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trade balance. Six independent variables were used over the sample period 1960 to
1975. Sargc;n found the{ rate of inflation, the rate of monetary growth, the debt service
ratio, the growth rate of exports, and deviations from purchasing power parity to be
statistically significant. Interestingly high inflation countries, such as those in Latin
Anmerica, dominated the rescheduling group.

Despite the fact that disc,;rjminant’analysis is a fairly complicated statistical
procedure, it is not without it's shortcomings22, Firstly the independent variables are
introduced into the discriminant function without any theorcﬁéal model to justify their
inclus}on (this is a problem common to all techniques). In this case the coefficient
estimates are extremely sensitive to adding or dropping independent variables. Secondly
despite the reporting of significance tests by the authors, these tests cannot be performed
because the error distributions are not normal, making any attempt to rank the
importance of the in®pendent variables erroneous23. Thirdly the binary nature of the
dependcﬁt variable leads to an unrealistic division between rescheduling and non-
rescheduling countries. Debt problems are cdstly to renegotiate and occur only with a
lag after the problem arises. Indeed some countries have consistently poor indicators but
rarely reschedule their debt. Countries do not suddenly move from non-reschedulers to
reschedulers (Feder and Just (1977)). Since all of the four methods to analyze country
risk suffer somewhat from this problem, any further discussion will be delayed to the

end of this chapter.
A21.2 Principal Components Models

4
In principal components analysis a set of indicators are extracted from the sample

22 Eisenbeis (1977) provides an excellent summary of these shortcomings in much greater detail than
given here. '

23 However diécriminanl analysis has asymptotic properties which make it supcrior to other techniques,
such as logisﬁc models. See Judge et al. (1985) page 768. '
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daté which are 'linear combinations of the original indépendent variables24. The
indicators are chosen so as to maximize the dependent variable™variation cxplained by
each. This type of analysis is especially useful when a large number of independent
variables must be considered. Dhonte (1575) aggregated ten independent variables into *
two principal components using a sample of 13 rescheduling countriés over the period
1959 to 1971. Only two-thirds of the rescheduling cases were predicted by the model.
An unfortunate feature of principal components analysis is that the aggregated indicators
| lack any clear me;ming. The variables are aggregated purely on the basis of best fit
though there is no clear reason why certain variables should be combined with others. -
Dhonte attempted to correlate various explanatory variables with the two principal
components, althou’gh these explanatory variables seem unrelated to the meaning
attached to the principal components. In addition the analysis lacks explanatory power

due to the small sample size, although out of sample tests were not performed.

2.3 Logistic Models
N

Since Feder and Just (1977a) the logi§ﬁg model has been the most popular type of
model to analyze debt capacity and country risk. Like discriminant models and principal
components models, the logistic model identifies si‘gniﬁcant explanatory variables with
respect to a binary dependent variable reflecting rescheduling countries and non-
rescheduling countries. In addition the logistic model allows for the estimation of the
probability of reschehuling for any country in the samplevas well as the ability to
conduct standard hypothesis tests25. Formally the logistic model assumes that the
probability of rescheduling is related to a vectorl of independent in‘dicators‘b'y the

relationship:

24 A good discussion is contained in Judge et al. (1985), chpt. 22.5.
25 The coefficient estimates are asymptotically normal and approach normality for large sample sizes
(similarly so docs the t distribution). See Pindyck and Rubinfeld (1981) p. 287-301. .
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exp(b'X ) ' , :
l+exp(b'X ) o S | 2.3.)

PX )=

whcrc b is a vector of ﬁkéd cocfﬁcients. The left-hand side cannot be o'bser‘vedﬁthus a

random variable with value Y=1 for rescheduling and 'Y=0 for non-rescheduling is

« substituted to obtain: \ ,
B ¢
- . 1
P =01X =X ) = yoemrim— | @3
v v . exp(d'X ;)
where i =1, 2,...n. Forming the likelihood function one obtains:
n ‘1
IMmexpb'X,;Y;)
i
L= (2.3.4)

n .
T (+expb'X,)
14

By maximizing L with respect to the vector of coefficients b, coefficient estimates
can be obtained using an iterative procedure which are consistent, efficient, and
asymptotically unbiased26. The rescheduling probabilities can be obtained by

substituting the estimate of the vector b into (2.3.1).

Feder and Just (1977a) used a logistic model to estimate the probability of debt

26 Many econometric programs will perform this maximization procedure with minimal computational
cost. See for instance White and Horsman (1986) p. 105-108 for a description of the procedure using
SHAZAM. An alternative procedure is o trans(orm the ¢stimating equation.
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reschedul%g for a sample of 41 countries over the period 1965 to 1972. Of seven initial

indicators examined, five were found to be statistically significant: the debt-service ratio,
[ 4 @

* the imports/reserves ratio, per capita GDP, the capital inflows/ debt service ratio, and a

five year mdving average of export growth rates. The final estimatihg equation was
found to be qu;te sensitive to model specification, particularly when the
amortization/@#ébt ratio was excludeds This could be because the causal relationship
between this ratio and dcbt@éschcduling is not clear. The likelihood ratio index
(analogous to R2 in an OLS regression) scored above 0.90 for each of four regressions '
indicating a good fit. Despite the fact that the sample of 238 observations contained -
only 21 reschedulings, out of sample tests for an auxiliary Set of borrowing countries

performed quite well (only 4.9% of reschedulings not predicted).

Mayo and Barrett (1977) used a logistic procedure identical to that used by Feder
and Just, however using a much larger sample. The data included 571 observations on’
48 countries for the sample period 1960 to 1975 (2.5 times the sample size used by -
Feder and Just (1977a) and 4 times the numbér in Frank and Cline (1971)). The model
included six indicators which were all found to be statistically significant27. However
despite the large sample size the likelihood ratio index measured only 0.63, indicating
that the model could be improved by respecification of the indicators. Unfortunately the
choice of the six indicators was made from a larger set of indicators with the choice
being predicated on the correctness of sign, consistency of the sign over a number of
estimations, and overall significance. It would be just as interesting to the reader to
learn what irdicators suffered from these problems for future research. The model
correctly predicted a rescheduling for 76%"of the in-sample cases, however out of

sample tests were not performed.

Saini and Bates (1978) tested the predictive power of a logistic model versus a

27 To avoid unnecessary clutter, a taxonomy of indicators used by all studies will be provided at the end
of the chapter.
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discriminant model and found neither model to be superion,empirically28. Their sample
contained 298 observations across 25 countries for the period 1960 to 1977. ' Unlike
previous studles the dependent variable included formal reschedulmgs and balance of
payments support loans, which are defined as foreign loans which prevent rcscheduhngs
or payments arrears from occurring. Out of a set of 11 initial indicators, four were found
to be consistehtly significant: the inflation rate, the rate of money supply growth, the
adjusted cumulative current account balance/exports ratio, and the rate of growth of
reserves. Interestingly the debt service ratio was never found to be statistically
significant29, A | ,~ 7

The latest study to use a logistic model to predict debt rescheduling problems is
that of Cline (1984). Cline's sample is even larger than that used by Mayo and Barrett:
670 observations over 60 countries covering the period 1968 to 1982 (only 22 cases of
rescheduling). A major advantage of Cline's model over previous modclsﬁis .the
specification of a credit market through demand and supply functions. After solving for
a reduced form estimating equation, the cmpiricﬁl results reveal ghat 7 of the original 11
indicators are statistically significant: the debt service ratio, the reserves/imports ratio,
.the amortization rate (when included jointly with ’the debt service ratio), the current
account deficit/export ratio, per capita GDP growth, the net debt/export ratio (with debt
service ratio excluded), and the quantity of globél borrowing. The ability of the model
to predict reschedulings was quite adcquate as only 9.1 of the in-sample debt
reschedulings were unpredicted. Cline further disaggregated the sample by focusing on
large debtor countries. This reduced the sample to 31 countries including several -
precariously near default in the early 1980's: Bolivia, Brazil, Chile, and Mexico. The

- results of the reduced sample model were consistent with the large sample model except

28 This section is summarized from Saini and Bates (1984).

29 The irrelevance of insolvency and illiquidity measures will be discussed later in the chapter. Saini and
Bates (1984) note that previous studies adjustcd the debt service ratio to account for dccreases in debt
service payments during and following reschedulings. This arbitrary overvaluation of the rauo may have
led 1o it's previous statistical significance.
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for the increased error rate of 21.4%, indicating that\thesc countries respond to different

variables than those of the larger sample.

While the objective .of the already mentioned logistic models is to predict debt
reschedulings for boﬁowing countries, a second strand of literature has used logistic
models to analyze the terms under which loan contracts are ‘made by using risk’
premiums as dependent variables. Given the difficulty of defining and measuring debt
reschedulings (not enouugh observations), this second approach may be more appropriate.
After all a default or rescheduling is the result of a violation of the terms of the loan
contract between the creditor and debtor. Default and rescheduling only come to
realization after a set of decisions are made by the two parties, not automatically after
the probability of such an event reaches some critical level. The risk premium ;eflécts
an equality between loan demand and supply where both lenders and borrowers make
the market. Rather than asking the quesﬁon, "When will a certain country default?”, we
should realize that default is the violation of a set of contracts and instead ask "How will
country risk be reflected in the terms of loan contracts?"30. Further discussion of this

distinction will be delayed until the end of the chapter. . -

Feder and Just (1977b) is the first attempt to model the relationship between the
risk premium charged on foreign loans and indicators of borrower default. The problem
is to maximize the lender's utility from future debt service payments less the utility lost

from possible default with respect to changes in the interest rate charged on loans31:

MAX U =[1-P(X )JU(r@L)} + P(X )fh,lU[-hL](Xh)dh (2.3.5)

30 This analogy is similar to Cheung's (1983) analysis of the definition of a firm.
31 Feder and Just (1980) maximizes the same objective utility function with respect to the size of the loan
being considered due to the assumption of a perfectly competitive loan market. However the final

. cstimating equation is equivalent to their earlier paper.
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where P(X) is the probability of default conditional on the vector of risk indicators X, r
is the interest rate charged on the loan, @ is a discount factor, L is the size of the loan
demanded where L = L(r), h is a random variable representing the loss rate under
default, and @(h) is the subjective probability of achieving a given loss rate. After

rearranging the first order condition one obtains, for a given loss rate:

N _PX) 1 UGhL)
n-1 1-PX 7 veer)

r=

(2.3.6)

The first term on the RHS is a ratio of the demand elasticity for loans. This term
- represents the borrower's b}lrgaining position which depends on alternative sources of -
Supﬁl& and the overall demand of the borrower. The impﬁct of risk indicators on the
probability of default is included in the second term, P(X)/(1-P (X)). The last term, U'( -
hL )/U'(rfDL), represents the extra risk premium which is charged due to risk aversion on

the part of the lender (with U"< Q).

‘%\” Feder and Just make several simplifying assumptions to allow for econometric
estimation. It is concluded that if the volume of the loan under consideration is small
relative to the initigh"Wealth of the lending bank, the last term may be negligible, thus it
is excluded. The second term, P(X)/(1-P(X)), can be replaced with a linear vector of 3
coefficients and a linear veétor of risk indicators if the prabability of default is

distributed logistically. Taking logs of the estimation equation thus far:

o

*« K
lnr=b0+2 bixi-ln(b+ln<—11— (2.3.7)
i n-1

The discount tcrr; @ depends on both the loan duration, which is observable, and
the perceived average cost of capital (r*), which is not observable. Feder and Just
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postulate that r* can be expected to be the average of LIBOR rates for the previous 12
. months preceding the loan, but to simplify the model they assume that this relationship
is non-stochastic and thus constrain the coefficient to be -1. The last term is not known
and cannot be easily observed unless the demand elasticity for loans is estimated. Since
the demand elasticity will be specific for each borrowing country and may chang‘é‘ over
time, two dummy variables are introduced into the equation to:account for  shifts in the

intercept due to these factors. For empirical purposes:

M- D

In =U +ui+vl+whj (238)

where u is a country specific error term and v is a time specific error term. Substituting
(2.3.8) into (2.3.7) the regression coefficients for the risk indicators can be obtained
using the method of error components outlined in Judge et al. (1985, chpt. 13.4). Six
risk indicators were found to be statistically significant and 6f correct sign: “the loan
* duration, the modified debt service ratio , an export fluctuations index , the imports/GNP
ratio, the imports/reserves ratio , and projected GDP growth . All six indicators carry
the correct sjgn when default risk is perceived only by the lender. However it appears
that the model is incapable of generating anything other than the expected signs. After
all the borrower's demand for foreign lending is only a function of the interest rate
currently charged on loans implying that if the model is projected into interest rate-loans
space, the demand curve is downward sloping-and does not shift. Any change in the
perceived risk indicators shifts the supply curve, tracing out the demand curve, but does
not shift demand. It is quite likely that demand is ‘sensitive to a portion of the risk
indicators which shift supply,. which if included in the reduced form estimating equation

could result in different signs32, It may be much more informative to respecify the

32 The reduced form coefficient signs would depend on the magnitudes and signs of the rgsponsiverfcss of

demand anfl supplyato each respective risk indicator.
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borrower's demand function to mclude exogenous shift parameters and then use a two-
stage estimating process to identify the responsiveness of demand and supply separately
to differing risk indicators.

A second technique to derive a very similar estimating equation is utilized by
Edwards (1984). The equilibrium coadition for a risk-neutral lender is given by:

. ~ {
(I-pI1+E*+9]=(1+i*) (2.3.9)

2
4

where p is the probability of default, i* is the exogenously given risk free rate of interest,

and s is a risk premium. Solving for the risk premium one obtains:

s=[p/(-plk ' (2.3.10)

where k = (1 + i*). The expected probability of default p is a function of a set of risk
indicators and is assumed to possess the same logistic distribution as given in (2.3.1).

Substituting (2.3.1) into (2.3.10) a log-linear equation is obtained:

T,

£

n
Ins=Ink+Y, b;x; .3.11)
H .

Replacing In k with two error terms reflecting country-specific and time-specific
effects33 and inserting a random disturbance term, an estimating equation is obtained

which is similar to that used by Feder and Just (1977b):

. m '
Ins,=gntd+, bix +e, 2312

33 Edwards (1984) and Feder and Just (1977b) assume that these cffects are random. In a subscquent
paper Edwards (1986) assumes that these terms are fixed.
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where subscripts n and t represent country and time specific effects respectively.

Edwards estimated (2.3.12) usihg observations on 727 public and publicly guaranteed "

loans granted to 19 LDC's over the period 1976 to 1980. Generally the results were
disappointing with only 3 of 14 risk indicators being statistically significant: the.

debt/GNP ratio, the reserves/GNP ratio, and the debt service ratio. Essentially equation

(2.3.10) represents the supply curve of loans made by lenders. Edwards posits that the

aid supply function becomes vertical when the probability of default is one. However |

rational lenders will always impose a credit ceiling before this point is reached,
otherwise any hope of cellecting debt service on previous lending is lost. For this reason

equation 2.3.12) may be mis-specified.

In a follow-up study Edwards (1986) enlarged the sample to include observations
for 26 LDCs over the same sample period. Despite the larger sample size the statistical
results were even more disappointing than the first study: only 2 significant risk
indicators were found, the debt/GNP ratio, and the gross investment/GNP ratio, and
several indicators possessed incorrect signs. Edwards also regressed (2.3.12) on bond
spreads for the same sample period on the argument that since bond spreads are

determined by a large number of market traders, they should reflect risk much more

accurately than a spread determined by bargaining between a loan lender and borrower.

Curiously the same independent variables are used for the bond market as for the loan
market. It may be that LDCs supply bonds for different reasons than foreigners supply
loans. Since many LDCs must typically raise the interest rate on these bonds in order to
sell the issue completely, the interest rate is also a function of the quantity of bonds
issued to be sold, however this simple fact is ignored. Is equation (2.3.10) a supply
furiction for bonds or a demand function? It would appear that the risk premium on
LDC bonds is determined in international capital markets which are continuously
trading, implying that equation (2.3.10) is a demand function for LDC bonds.

Econometric estimates would have to provide opposite signs from those expected to be

34
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conclusive on this matter. The results indicate that bond traders are very poor risk
evaluators as the estimating equation fit quite poorly. Only 3 of 12 risk indicators were
statistically significant: the debt/GNP ratio, the gross investment/GNP ratio, and bpnd -
maturity. Several of the indicators had the wrong sign.
. |
,The model used by Edwards suffers the same weakness as the more complicated
model developed by Feder and Just. The estimating equation is a reduced form which
has not correctly incorporated demand behavior by borrowers, th‘us the coefficient signs
and their tnagnitudes are not reliable. Changes in indicators of default risk can effect the
behavior of both lenders and borrowers, yet only the demand for loans is identified
" (actually over-identified) by the inclusion of ekogénous risk indicators in the supply
function. The supply curve is left unidentified. A useful extension of these two risk

premium models would be to use a two-stage estimation process to identify both the

demand and supply functions34.

2.4 Disequilibrium Models

Disequilibrium models of debt capacity and country risk incorporate the possibility
of credit rationing to borrowing countri€’s on the part of lenders. Credit rationing occurs
when, at some interest rate, the demand for loans exceeds any forthcoming supply.
Stiglitz and Weiss (1981) argue that there may an interest rate ceiling beyond which the
lender will not enter into any loan contracts due to a rapidly incréasing expected loss
from default35. In this case the quantity of loans extended will be determined by
suj)ply alone, not by the intersection of demand and supply. Hence a reduced form

model of loan demand and supply, such as used by Feder and Just (1977b), would be an

34 Unfortunately a two-stage procedure may be difficult to implement in the context of a pooled time-
series cross-section model. o
" 35 For an interest rate beyond the ceiling rate, borrowers will take on riskier projects with the borrowed
funds ,as measured by the variance of returns, in order to meet higher debt scrvice payments. This in effect
raises the size of financial loss for a given probability of default. '
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inappropriate estimati;yg technique. With disequilili;ium models, it becomes necessary to

identify separate loggi demand and supply funcftio,ns when foreign credit is both

constrained and unconstrained. '
Eaton and Gersovitz i( 1980) develop a two«r_egimé model, credit rationing and non-

credit rationing, utilizing the following equation system:

Dj; = By Xit + wy; | . (2.4.1)

=B Xl + uy; - C, (2.4.2)

D; =min (Dy;, a}z, | B (243)
Ri =Ryi=m Xi¥l +vy; if Dgi2Dy; | s 4y
=R21=72)éi22+v2i if Dy; <Dy ‘ N (2.4.5)

Here Dy; , Dy , and D; denote, respectively, the demand for debt, the credit
ceiling, and the actual debt of country i. Ry; is the demand for reserves when the credit
constraint is not binding, while Ry is reserve aemand in the constrained case with R; the
actual holding of rcse;:ves. The risk indicators are contained in the X; vector and are the
ratio of imports to GNP, country population, GNP per capita, the growth rate of GNP, an
index of the variability of exports, and per capita public debt36.

| Although equations (2.4.1), (2.4.2), (2. 4. 4) and (2.4.5) are estimated
sxmultaneously, the technique can be easiest described 1f split into a two-stage process.
First the equations for debt demand and the credit ceiling are estimated simultaneously
to yield coefficient results. Secondly the reserve demand equatiohs are estimated where
(2.4.5) contains the credit ceﬂmg as an exogenous variable. Eaton and Gersovitz

simultaneously est1mate the system of five equauons using an optimization program to

36 These risk indicators are taken from the demand for reserves literature. For a good recent survey see
Bahmani-Oskooee (1985). o
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‘maximize a log-likelihood function. The novel feature of this approac{si is that one need

~not know if country i is actually credit constrained or not just by obserym% the levels of

debt and reserves for a given year. The log-likelihood functmn allows tfor calculation of

the probablhty that country i is credit constrained in a gwen year The pooled time- j‘

series. cross-section model was estimated using observations for 45 IDCS over two .

- years, 1970 and 1974,

¥

The demand for debt was found to be a function of the impoh/GNP ratio, |

population, and per capita public debt . The credit ceiling was a function c;f the index of
- export variability, per capita GNP, and population. The reserve demahd equations,
(2.4.4) and (2.4.5), provide curious results. The unconstrained demand for reserves was
a function of export variability, per capita GNP, population, and per capita public debt.
Evidently larger countries with higher levels of debt rely on debt more and foreign

exchange reserves less to finance consumption and investment.

One criticism of the Eaton and Gersovitz model is the lack of indorporatingihe
interest rate charged on debt as an exogenous variable in equations (2.4,1) and (2.4.2).
Eaton and Gersovitz argue that if all lenders are risk-neutral, then the same interest rate
will be charged to each borrower, resulting in a zero coefficient in the pooled estimation.
Qvever it is well noted by Feder and Just (1977b) and Edwards (1984, 1986) that all

borrowers are not charged the same rate of interest on borrowing. In mterest rate-loan
space, a zero coefficient on the interest rate would result in completely inelastic demand
and supply. The question then asked by Eaton and Gersovitz is the demand curve to the

right of the supply curve, or vice-versa? This question underlies the specifications of

equations (2.4.1) to (2.4.3) with the amount contracted being the minimum of demand or -

supply. In a situation of excess supply, why would a borrower demand less than he can
obtain for no additional risk premium? It is hard to imagine such a loan contract being
agreed upon given that the lender and borrower enter complex negotiation procedures.

Stiglitz and Weiss (1981) point out that loan supply will be upward sloping up to some
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critical interest ceiling where the curve then becomes vemcal It would appear that
much information is being thrown out when the supply curve is constrained to be
vertical at every rate of interest. Inclusion of this information could potentially alter the

signs and magnitudes of the risk indicator coefficients.

McFadden et al. (1985) estimate a model very similar to Eaton and Gersovitz with
the exception of using a binary dependent variable wtli'ch r_eprescfts three separate
regimes: excess supply of loans, moderate excess demand, and large excess demand.
The resulting likelihood function is quite complicated and"‘will not be discussed here.
Demand and supply equations are specified and estimated, then by assuming a logistic
distribution the slope coefficients can be used to estimate probabilities of rescheduling
for several developing countries. Estimates were obtained using observations from 93
countries over the period 1971 to 1982. Significant risk indicators included: the debt
service ratio, real GNP per capita, 1mports/GNP ratio, total debt/exports ratio, an

indicator for IMF support, and an mdlcator for 51gmﬁcant arrears

Finally this section will close with a discussion noting the results of Burton and
Inoue (1985). Burton and Inoue take a simple appreach to the problem of modelling
debt capacity and country risk by regressing the intetiest' rates charged on new loans to
LDCs’on the opportunity cost of the funds (LIBOR), the quantity of each loan, and a set °
of risk indicators. By assuming that demand for debt is conStant the authors hope to
estimate a supply curve for the lender. The model was esnmaied using observations for
58 LDCs over the period 1972 to 1977. Of 11 independent variables 7 were found to
be statistically significant: the LIBOR rate, the loan afnotmt, maturity, the rate ofc
inflation, reserves/imports ratio, debt/exports ratio, country's use of it's IMF quota/total
-available IMF quota, and an index of political instabjlity. B‘y not including dummy
variables to reflect changes in the intercept or slope coefﬁcients over time and across

countries these results may be unreliable. Even if these assumptions are made, proper
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estimation requlres the use of a GLS technique to take into account the likelihood of

autocorrelated dxsturbances over time and heteroskedastlcny between countries (see
Judge et al. ( 1985) p. 518 for a brief d1scussmn)

25 Summary\

Many problems specific to each of the 14 studies have already been discussed in
the chapter. The purpose of this section is to summarize the difficulties in estimating the
debt capacity and country risk relationship. Generally the discussion will progress
through two broad categories: the choice of a dependent variable, and the choice of a set

]

of independent variables.

A number of dependent variables have been used in the literature to relate to
country risk indieators: a binary event variable reflecting default or in some cases
reschedulings or significant arrears; a risk premiurn charged on LDC borrowing; the
.loan quantity. The choice of dependent variable depends in large part on the question
one wishes to ask. Binary dependent variables attempt to capture an event which may
be predicted by the independent ;)a:iables. Thus when considering default, a country has
either defaulted or has n’ot without any consideration for lengthy rescheduling
negotiations or other types of bargaining. The usual problem with this classification is
that there are not enough observed defaults to form a reliable test. In addition the use of
a default-no default classification ignores the many instances of developing countries
reaching repayment crises without declaring default. A default occurs only when the
lender formally declares that the borrower has violated a certain condition of the loan
contract. Therefore default is the result of a set of decisions made by the lender and the
borfower, not just the mechanical realization of some outcome37. A failure to make,
current payments does not imply that future payments wiii not be forthcoming. For

these reasons it may not be useful to use the default dependent variable to model

37 Eaton, Gersovitz, and Stiglitz (1985).
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‘country risk. As an example, the correlation coefficients between the probabilities of
‘default calculated in Edwards (1984) and the probabilities of repayment problems
calculated in McFaddén et al. (1985), for the same years ( 1976-1980) are shown in
Table 2.1. For two of the six countries, Argentina and Mexico, the correlation is not
significantly &iffercnt from zero. |

In a demand-supply model of LDC borrowing it would seem logical that country
risk would manifest itself in the price of foréign loans38. In fact Cline (1‘984)‘ points
out that loan negotiations typically involve an agreement as to the interest rate to be
charged before the actual amount of the loan is agreed upon.“ Measuring the risk
premium charged on fdreign loans is not an easy task. The usual procedure is to subtract
from the interest rate actually ¢harged a risk free rate (LIBOR) and use the difference as
the risk premium. However Eaton and Gersovitz (19§O) point out that competitive
lenders will impose a credit ceiling to preclude default with probability in excess of that
accounted for in the risk premium on debt39. Ihtercst spreads can reflect many other
factors such a§ the higher costs of originating loans in certain countries and tax
treatinents of interest income to foreigners. These co;ts are usually assumed to be small !
relative to-the size of the loan. Inclusion of these loan conditions would be including
endogenous variables because the magnitudes of these variables are determined by the

interest spread.

In addition, increasing the rate of interest may lower the lender's expected return,
both because the best risks decide not to apply and because the higher interest charges
induce borrowers to undertake riskier projects. Banks may find it profitable to charge an
interest rate below thét justified by the level of risk, resulting in credit rationing. On the

borrower's side, the developing country may not borrow the optimal level of funds _ ' '

38 Given that the demand and supply curves intersect at a poini where the supply curve has finite slope (is
not vertical) and demand is not completely elastic.
39 Eaton and Gersovitz (1980), p. 8.
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. . Table 2.1
Correlations Between Default Probabilities
- and Repayment Problem Probabilities (1976 - 1980)
Argentina . / - -0.2234]1
" Brazil / 0.80883
Korea . ‘ 0.6477
Mexico * | 0.19527
R Phillipines . ' ©0.35065

Venezuela 0.95824

-

Note: Default probabilitics obtained from Edwards (1984). Repayment problems probabilitics
obtained from McFadden et. al. (1985).
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associated with the risk premium. The marginal return on the invested funds is
typicallyset above the marginal cost of .borro@ving in a steady state because the

government faces a constraint in raising tax revenue to service the debt.

Eaton and Gersovitz (1980) use the loan amount as the dependent variable in their
credit rationing model of loan demand and supply. In Eaton, Gersovitz, and Stiglitz

(1985) this practice is defended by noting that the relevant question to ask in the

country risk literature is, "When will a country with certain characteristics owing a

certain amount of debt under certain contractual arrangements pay or receive funds from
creditors with certain characteristics?40" One could then theorétically make an estimate
of the net present value of the original loan as well as additional lending. However it is
possible to show that any future loans will not make a profitable expected return on their
own as part of the return on addmonal lending is the possibility of salvaging past
lendmg

To estimate sepafate demand a;ld supply functions prdperly, thc;. loan quantity is
used as the dependent variable when the rate of interest r§ included on the RHS's. As
already mentioned, the rate of i interest was not included, thus the model was constrained
to use only vertical demand and supply functions, w1th these functions shifting due to
changes in the risk indicatqrs. In this way the loan quantity was constrained by force to
be the only variable of interest as if all adjustment to risk took the form of a Marshallian
quantity adjustment. Itis quite likely that a large portion of this adjustment also took the

\\Eorm of a change in the rate of interest; which when left out, would likely give unre}iéble
parameter estimates. )

7

One must ask the questioh doe§ a country which finds itself credit consuaingd

resort to debt rescheduling or even default? Whether a country is credit constrained or

40 Eaton, Gersovitz, and Stiglitz (1985), p. 507.
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not is not an interesting question of itself, but is only interesting when incorporated into
a model which allows for other variables which are affected by country risk. It would be
interesting to allow for interest rate changes before credit ratio’ning becomes gffective.
A simple test reveals that the presence of credit rationing does not imply a high
probability of repayments problems. The correlation coefficient betWecn the probability
of cre(iit’"ra;ioning (Eaton and Gersovitz, 1980) and the probability of repayments
problems (McFadden et al., 1985) is only 0.10762 for seven LDCs in 1974. Credit

rationing may be of interest in itself, but may not be related to country risk.
, o . »

The major difficulty in selecting risk indicators to use as independent variables is
the lack’ o't: an& theory to ujde the choice4l. Generally the choice of independent
variables has relied en the notions of illiquidity and insolvency. However illiquidity
(ipability ,-.t’g conyert positive net worth into a means of payment) does not lead to
dlfefault." As long as the value of the net worth is clear, creditors should be willing to

? supply _funds‘t albeit “at a higher interest rate. Illiquidity is uéually caused ex post by the
wi,thdraw@;bf credit. This may imply that models which analyze default as a decision
made by th lender are c?ngistent with historical evidence. Insolvency (debt exceeds net
wprth) is neitilégtf necéssary nor sufficient for the declaration of default. The debtof a
gf)unn-y is usﬁéily less that the value of its assets. - However since sovereign loans are
made by the governments of countn'es: repayment is not constrained by the net worth of
the country, but by the amount of net worth which can be appropriated by the
govcrnment'.‘ Eaton, Gersovitz, and Stiglitz (1985) point out that it is unlikely that LDC
govcrnmen,ts\‘ a'rc anywhere near making th% maximum feasible debt service42. Despite

these comments, Table 2.2 indicates that proxy measures of liquidity and solvency have

41 During the 1960's several papers:addressed ihis«problem. but only in the format of a discussion without
any theoretical model. See for example Avramovic (1958), McKinnon (1964), Gulhati (1967), and
Avramovic et al. (1968). o

42 However for a debt situation to be sustainable it is necessary that the tax base expand quickly enough to
allow the government enough revenues to scrvice the existing debt. The expansion of the tax base is

determined by private savings-investment behavior.
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performed adéquately in previous statistical studies.

Any independent variables chosen are subject to a simultaneity problem. Since
borrowers can take actions so as to increase the likelihood that they will meet their
service payments, they can increase the willingness of lenders to lend. Lenders can take
actions which increase the likelihood of further loans, causing borrowers to be more
willing to borrow and meet service payments. In this way the dependent and
independent variables share an uncertain causal relationship. The usual solution has
been to lag the independent variables, however for small sample sizes this can result m a

substantial loss of degrees of freedom.

Measures that incorporate the level of existing debt have generally worked well for
a simple reason. The fact that a country's debt usually sells at a discount relative to its
contracted value43 creates problems for new lenders. Because property rights between
existing and new loans are poorly defined, new loans may be forced to share an
éxpectcd loss. Unless existing creditors can be made subordinate to new éreditors. the
behavior of new creditors is shaped mainly by the market valuation of existing debt.
Unfortunately capital markets which trade in foreign debt have not been in existence

long enough to provide ample data.

Many results in the literature include endogenous variables as exogenous variables,
such as GNP growth, investment, etc. The t;arms of trade may be truly exogenous as
well as climaté :silociké'whg'p agriculture is important (Eaton, Gersovitz, and Stiglitz
(i985)), although debt has teh&éd'tﬁi increase most w;hen the terms of trgde would seem
to be high. One possible indepeﬂdeﬁt variable is whether debtors are prepared to adopt

an IMF program or not. This may serve to distinguish between countries which do and

43 For instance, the contracted forcign debt of Peru was selling on public capital markets for only 6% of
i}'s contracted value in October of 1987. Brazilian loans traded at 38% and Mexico's at 47%. Even {
rclatively safe Colomibian debt sold at 73% of it's contracted value. See The Economist, October 24, 1987.
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Table 2.2
A Summary of Risk Indicators

B]I] d ‘ Sl. : ..l..ﬁ 3':

1. Debt service/exports 1,4,5,7,10,11,13
2. Deb/GNP | 3,11,14
3. Total debt/exports 3,6,12,13,15
4. Net debt/exports ' 10
5. Net debt/amortization
6. Amortization rate 10
7. Amortization/debt - 1,4,5,15
8. ‘Reserves/imports 1,4,5,6,10,12,15
9. Reserves/GNP 11,14
10. Income per capita 59,13
11. Growth rate of income 4,5,9,10
12. Imports/GNP 4,6,9,13,14
13. Index of export variability 49,15
14, Export growth 5,7,15
- 15. Investment/GNP - 611,14
16. Savings rate
17. Inflation rate 6,7,8,12
18. Maturity 4,12,14
19. Loan value ? ; 12
20. Debt per capita 9
21. Inflation erosion of debt
22, Current account deficit 10
23. Current account/GNP i 11
24. Current account/exports 8
25. Population 9
45



26.
27.
28.
29.
30.
31.
32.
33,
34,
35.
36.
37.
38.
39.
40.

Table 2.2 (cont.d)

Duane Rockerbie

A Summary of Risk Indicators k

Government spending/GNP
Reserves variability
Devaluation rate

Real effective !cxchange rate
Use of quota/IMF allotted quota
Index of political instability’
Capital inflows/debt service
Debt service/reserves
Disbursed dcbt/debt service
Debt service/imports |
Monetary growth
Deviations from PPP
Reserves growth rate 5
Indicator for IMF support

Indicator for arrears

Notes: 1-Frank and Cline (1971), 2-Dhonte (1975), 3-Grinols (1976), 4-Feder and Just (1977a), 5-
Feder and Just (1977b), 6-Mayo and Barrett (1977), 7-Sargen (1977), 8-Saini and Bates (1978), 9-Eaton

" and Gersovitz (1980), 10-Clinc (1984), 11-Edwards (1984), 12-Burton and Inoue (1985), 13-Mcfadden et

al. (1985), 14-Edwards (1986), 15-Webster (1985). Dhonte's risk indicators have been excluded since they
are principal components. : :
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do not anticipate servicing their debt. It is evident that debt problems frequently have
their source in overambitious government expenditure plans, particularly if these plans
are purely consumptive in nature (Takagi (1981)). This argues for the inclusion of some

measure of fiscal responsibility in the set of independent variables.

Existing studies only include long-run country characteristics such as the

variability of expdﬁ’s. ‘As is evident from the economic events of the 1970's, variébles

. which represent transitory shocks will likely play an important roie in determining

country risk. For inStancEe McFadden et al. (1985) show that OPEC oil price shocks

played a considerable role in the payments crises experiericed by Brazil in 1982, Peru,
and the Phillipines in 1983.

A3
)
%4

“ The role of capital flight in influencing sovereign risk has largely been ignored due
to the large inaccuracies in it's measurement44. Recent literature has.improved the
measurement of capital flight to the point where it might be incorporated in an
econometric model45. However the volume of capital flight may be highly correlated
with other macro-economié variables causing inefficient significance tests. Capital
flight raises the probability of debt problems through several mechanisms: reduced
liquidity and higher ingcrést rates; depreciated domestic currency under flexible
exchange rates or depleted reserves under fixed rates; reduction in resources to finance

investment and a reduction in the growth of income; reduced government tax revenues

44 The term "capital flight" is generally associated with short-term speculative outflows or outflows
resulting from political or economic unccrtainty which yield no return to the country. Dietz (1986) notcs
that roughly half of the Latin American regions total debt of $180.billion is held outside the region.

45 Khan and Haque (1987) measure capital flight by first estimating gross capital outflows, the total stock
 of external claims, by subtracting {rom changes in cxternal debt the current account deficit and changes in
international reserves held by the central bank and net foreign assets of domestic banks. Sccond, "normal”
capital outflows are estimated by the level of intcrest income earncd by nationals from overseas
investments and reported in the balance of payments (using forcign market interest rates to determinc the
volume of capital outflows). The diffcrence between this measure and the total stock of extcrnal claims

may be considered an indicator of capital flight. -
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for debt service; and a resulting increased need to borrow from abroad46. It is uncertain
whether the inclusion of the consequences of capital flight, or the volume of capital
flight itself, should be included as independent variables. In addition it is uncertain

whether capital flight is truly exogenous.

Eaton (1987) developed a rational expectations model in which the expectation of
increased tax liabilities for domestic residents created by the potential flight of private
debt can lead to many different equilibria. One solution is no capital flight and optimal
resource allocation. Another solution is 100% capital flight (a move by one borrower
that increases the likelihood of default raises tax liabilities to other borrowers, causing

all borrowers to flee) and almost certain default.

Efforts to model the borrower-lender relationship in the context of international
contracts have been surprisi_hgly few4’7. Beginning with Domar (1950), most of the
literature has concentrated on defining conditions for debtor insolvency or jlliquidity. |
The condition for insolvency is usually taken as export grqwth rate < interest rate. In
this case debt will grow faster than exports and, in a steady state, the critical rate of
interest will exceed export growth by an amount depending on the lenders' desired
debt/export ratio for the borrower*8. Illiquidity is a situation where the borrower does
not possess the necessary funds to service the debt at the present time, but will possess
the necessary funds in the future. Even though the borrower is solvent, he must default.
This will never occur if capital markets have the foresight to perceive the future wealth
of the debtor as being adequate to finance future payments. The borrower will find it
necessary to arrange short-term "bridge loans" which lenders will be willing to provide.
Illiquidity is usually caused ex post by the withdrawal of credit. Insolvency (debt

46 Khan and Haque (1987), page S.

47 Eaton and Taylor (1986) provides a good review,

48 Eaton and Taylor (1986), p. 218. Domar and others who use this condition are ignoring no-default
terminal debt conditions.
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‘ |
exceeds net worth) is nenther necessary nor sufﬁcwnt for the declaraqon of default. The
debt of a country is usually less than the value of its assets. Howewar smce sovereign
loans aré made by the governments of countries, repayment is not constrained by the net
worth of the country, but by the amount of net worth which can be appropriated by the
government. Eaton, Gersovitz, and Stiglitz (1985) point out that it is unlikely that LDC

governments are anywhere near making the maximum feasible debt service49,

It is evident from the papers surveyed in this chapter that the bulk of the literature

analyzing the historically high levels of debt held by LDCs in the last 20 years °

concentrate on the static decision process of the lender. Using a variety of methods

ranging from risk indicator regressions to game theoretic conuahting models, the
problem has been to derive the optimal supply curve of debt based on expected profit
maximization. The lendcr estimates a subjective probibility of default based upon a
vector of relevant risk indicators specific to each borrower and éomputes a set of
expected profit maximizing interest rate - loan quantity contracts. In order to generate
the large build-up of debt observed in the 1970's, some exogenous variables must have
shifted the supply curve of debt outwards, given an assumed dcmand curve. It is
generally accepted that the large surplus of petrodollars over the decacie did cause such a
shift50, The ‘literature surveyed here has probably taken the lenders‘fdecision as far as
one could want to take it in comparative static maximization. ﬁowcver since the
decision to loan today leads to uncertain income streams in the future. a dynamic

maximization process is essential.

‘The demand for debt is implicitly thought of as a residual demand which may fall

‘wherever it happens to in interest rate - loans space.  Debt demand is simply the

49 However for a debt situation to be sustainable it is necessary that the Lax base expand quickly enough to
allow the government enough revenucs to service the existing debt. The expansion of the tax base is
determined by private savings-investment behavior, which is influenced by the level of debt. Hence the
debt policy of the sovereign borrower partly determines the ability to service the debt over time.

30 Of course a completely elastic world supply of debt makes discussion of outward shifts superfluous.

Apparently there is little agrecment on this issue.

49




Duane Rockerbie

difference bet\\}ecn domestic expenditures and output. Thus the problem becomes one
of determininé the optimal level of expenditures (see Cooper and sachs (1985) for
example). The ramifications of taking on more debt do not appear in the first order
conditions for expenditures, thus the debt decision is completely exogenous to the
decision process. This seems unrealistic in countrilas possessing high debt-GNP ratios
who are straddled with heavy debt service payments already from the existing stock of
debt. It would seem the optimal solution to be .takin g on ever higher amounts of debt fo-
maximize expenditures regardless of the burden on the ‘economy. If the decision to
borrow was endogenous to the decision to spend, the resulting solutions would be much
more meaningful in the context of heavily indebted countries.

If profitable opportunities did not exist in LDC lending markets during the 1970's,
it is certain that the large new supply of funds would have found investment

opportunities elsewhere. In a nutshell; if the demand were not there the new supply

-would not be forthcoming, hence the neglected demand for debt is just as important in

explaining the debt build-up over the period as its supply. The question is why LDCs
scooped up the large new supply of funds, knowing well that the terms of the contracted
debt, interest charges and maturities, were certainly not soft. The answer cannot be

found in the models already surveyed here.

50



Duane Rockerbie

Chapter 3: A Dynamic Model of Debt Accumulation

3.1 Purpose

As an attempt to correct S(;me of the deficiencies in the theoretical models
covered in Chapter 2, this chapter will develop a dynamic model of the LDC debtor's
decision to accumulate foreign debt over time. The decision to borrow is not a residual
demand, but rather its implications are objectively considered in domestic consumption-
savings decisions. With the ability to adjust the savings rate and the stock of foreign
debt to utility optimizing levels, it is determined that the demand for foreign debt is
sensitive to the amount of relative uncertainty in holding it. With both ?isky domestic
and foreign capit%l51 available for domestic production, necessary and sufficient
conditions for rapid debt accumulation are 1) domestic capital becomes relatively more
risky to hold, and 2) the stochastic shocks to domestic and foreign capital share a
positive correlation. This does not require domestic capital to have a higher fevel of risk
than foreign capital, only that its risk increases faster than the risk attributable to foreign
capital. Stronger positive éorrelau'on between the two shocks increases the stock of debt
which is optimal to hold. In this way, large debt-GNP ratios can be an optimal response

to an uncertain environment, rather than an irresponsible policy of living for the present.

The model will not address issues cancerning conditions for loan default. Default
is a possible outcome of the model only if credit is severely restricted by lenders. In
most cases the borrower will choose to default if there is a gain to him from doing so net
of the costs of default (such as exclusion from future credit). Default is simply a matter
of unwillingness to pay. Only d few authors have considered this possibility. In’ Eéton
and Gersovitz (1981) the debtor weighs the burden imposed by continuing debt service
payments with the welfare loss due to exclusion from future credit. Knowing that the

borrower faces this decision when the loan matures, the lender builds this into his

31 Foreign capital and debt are identical in the presentation to follow.
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decision of how much to lencll, Several papers hdve followcd this theme and developgd

complicated game-theoretic models of optimai loan contracts 52,

The supply curve of fgnds determined by optimal behavior on the part of the lender
is assumed exogenous. Several of the papers mentioned in the preceding chapter have

explored the problem of loan supply under default risk.

The model in Section 2 will utilize a modified continuous time B‘rock-Merman

‘ (1972) growth model to determine the optimal accqmolation)of foreign debt in an ii;ﬁnite |
horizon framework. The set-up of the model isrsimilar to that used by Bardhan (1967),
but focuses on borrowigg behavior in a world of stochastic capital stocks. The domestic
economy is purely a production economy to keep the model simple. A dxscrete two-

: penod non-stochastic productmn model can be found in Cooper and Sachs (1985) An
analy51s of a pure exchange economy focusing on the trade balance, with both traded and
non-traded goods, can be found in Dornbusch (1983).

3.2 The Open Economy Model

The LDC economy is characterized by one sector which produces optput Y. Only
one tradeable good is produced which can be thought of as a composite cogmodxty
Wlth only one produced good, attention is focused on the intertemporal decxslon to
borrow and lend in international capital markets. Outpuf is produced by two factors,

labor (L) and perfectly malleable capital (K), with the general production function Y =

52 A representaive paper in this arca is Bulow and Rogoff (1989). Kohler (1986) uses a one-period. game
where the borrower has the option to pay off the loan, totally default, or reschedule the old loan at new
terms, when the initial loan becomes due. Since the payoff to both partics is small with total default, both
the borrower and lender will prefer to reschedule if the borrower is unable or unwilling to repay. Threats to
foreclose will be ignored by the borrowx, since he knows it would not be in the test interests of the lender.
The Nash equilibrium is rescheduling when it is necessary, with no defaults.
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¥

F[K{, Lt]. Gross domestic product which can be allocatcd to consumptmn or investment

is given by
o Yr=FIK, L -i K, @2

where Kf; is the total stock of debt held in the form of foreign caﬁital at time t. .All
» domestic production is either reinvested at home, used to pay debt service, or
consumed 33, Imperfections in the world capital market mean that the marginal cost of

borrowing is increasing in the amount borrowed>4,
i (Kf) >0, iy (K >0

Assuming a pérfect world capital market would nbt change the results to follow.

' The demand for debt would then be a rcsidual demand occurring when domestic

expenditures (consumption and investment) exceed domestic production55. With an

infinitely elastic supply curve of debt, the borrower could obtain all it wanted at the

going world interest rate. The decision to take on additional debt would not appear in

the marginal condition for deciding how much to consume 6r invest. This seems

unrealistic given that LDCs are charged different interest rates based on-ghe riskiness of

large loan losses. The decisiorl to save (and thus consume) must be a simultaneous
decision with how much to borrow. ‘

\
Denoting consumption by C; and gross investment by I, equilibrium in the output

market is described by

34 recurring criticism of the Solow growth model is the lack of any conéidcrau'qn of investor
expectations in deciding what amount to invest (or savers what amount to save). For a summary of this
literature sce Jones (1975) chapter 4. - € S

54 This may represent the belicf by many economists that higher levcls of forclgn dcbt arc accompa‘fncd
by higher borrowing costs. Empirical rescarch into this area is indccisive (scc Edwards (1984), (1986)).

53 Blanchard (1982) uses such a structure.
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Yi=Cp+ 1 | © (322)

Borrowing takes the form of physical units of foreign capital which can be
imported at zero trﬁnsportation cosf. Interest payments are made with units of output..
Depreciation of domestic capital is a constant proportion, W, of the total capital stock.
Foreign gapital bears no depreciation meaning that a depreciation rate is not part of the
interest rate charged on debt. In order to differentiate between domestic and foreign
capital in production3, an installation cost will be necessary for both of the form

2 2
C{)=aK ‘ + blg

~ where the coefficients a and b are not necessarily equal37. It could be argued that new
foreign capital equipment may be more cosily to install due to necessary training or the

importing of technicians to do the installation. Total investment is given by

T2
I,=sY K, L)-pK*-ak® -bK’ | (3.2.3)

Assuming that the labor stock grows exponentially at the known and constant rate

n we have

Li=LgeM (3.2.4)

56 And thus avoid an infinite clasticity of substitution as a possibility. .
57 The installation cost method is one way to diffcrentiate forelgn and domestic capital. Another popular
technique first utilized by Bardhan (1967) is to assume a dxsuuhty of debt funciion D(kf) where D"(kf) <0
and D" (kf) < 0. The advantage of using the installation cost method is that it also addresses the issue of
whether it is realistic to assume that the bounds of investment are given by -co < I; < oo, See Takayama
(1985) p. 685 - 719 for a survey of installation cost functions in neoclassical investment problems.

]
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Obviously total capital is composed of domestic capital, Kd[, and foreign capital, |

K;=Kd, + K, . (3.2.5)

So far we have six unknowns, I, C;, Ly, Kdt, Kf,, and D¢, but only five cquationS'
(3.2.1)-(3.2.5). One more equation is necessary to close the model. Consumptioh

behavior is given by a simple consumption function

Cr=(I-s)Y, ‘ o - (3.2.6)

Here s is a parameter, 0 < s; < 1, the average propensi’y to save38. Full employment of
capital and labcsr is implied by the six equation system. The trade balance has a simple
interpretation in this highly étylized mod;:ll. The trade balance in each period equals
GDP less consumption and investment, hence a trade surplus implies net lending and a

5

deﬁcu net borrowing. More formally we have

- t - t .
J‘B,:TBO+f ﬁTB;dt=(1+i<)Do+f BA +i)D dt
t=l =] :

&
©

where TB ) is the initial trade balance, D) is the initial net debt position, and P is a
o 52 r
discount factor.
®
Some comments are in order about the production function in cquatlon (3.2.1). We
assumg that F exhxbxts constant returns to scale with diminishing returns to each factor.

The following Inada conditiofis characterize the production function.

J

58 The parameter sy will be used as a ;:onuol variable in the model to follow. It also represents th'
marginal propensity lo save.
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F(aKy aly) = aF (Kp, Ly)
F (K,L)>0,Fg(KyLy) >0
Fri(KyLy) <0, Frg (KyLy) <0
FL(0) = = Fg{>=) =0
F(0)=0,F(oo) = 00

The preparation of the model for dyriamic optimization now proceeds along lines

similar to those followed by Solow. With constant returns to scale on F, rewrite (3.2.1)

as

(K,
Vp=LyF\ g 1| =Lf &)
Kt

where k,=—1:—
t

Y

ory; =f(k,)‘wherey‘ = ft

& -

Lower case letters denote per capita values. For feasible production, we must

assume L >> 0. We can simplify the equation system by combining (3.2.1), (3.2.2),
(3.2.3), and (3.2.5).

Y‘ = C‘ + (Kdt'i' IJ.Kdt )
Dividing both sides by L we obtain
f(d
d
)’l=‘3:+—‘+1‘kt

L, .
54
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or ——=y,-C,- pk, : (3.2.6)

where y; = Yy/Lyand ¢, = CyL,. By differentiating k; = Ky/L t‘ totally we get

K, L,

h_L“q

ke

From equanon (3.2.4), L /L = n, we obtain

Kt

Combining this result with equation (3.2.6) we get
d Cd ‘
ke =yp-cp- @+ mk; , (3.2.7)

Ifkd; >0, ¢; 20, the time path (kd[, cp) is called a feasible growth path which is a
constraint on growth solely determined by tﬁe initial capital stock and the average
propensity to save. Equation (3 2.7) sxmply states that the change in the domestic -
capxtal -labor ratio is equal to the new flow of ‘domestic capital created by additional
savings per capita, less the amount of domestic capital per capxta which is used to

" replace worn out equipment and keep additional labor fully employed.

Foreign capital is used to bridge the gap between desired investment and domestic
savings. To see this add the new inflow of foreign capital to both sides of the income

equation (3.2.2)59.

59 Foreign investment is not included in measures of domestic GNP,
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» Ct+[l+.K{= Y:"’I'(f

The accumulation equation (3.2.7) becomes
. 3 d, J S

3.3 A Stochastic Accumulation Process

So far the model contains no uncertain elements which may force a default on
interest payments on borrowed funds. Uncertainty is modeled in the evolution of the
foreign capital stock as

3

dK’ = 1'{ ds + oK'z ‘ ' | ' ’ (3-2-‘8)

where l~(fis the mean drift of the foreign capital stock over time, and dz is the increment
of a stochastic process z that obeys a Wiener process with mean zero and wheéfe o is the
diffusion coefficient60. Briefly a Wiener process has the following characteristics. For
any time increments 0<t]<ty<...<t, the random variables z 1, z-z1, z3-22,..., Zn-Zp-1 are
independent and are normally distributed with mean zero and variance tj-tj-1 If desired
the Wiener process can be expressed as a white noise process by substituting dz = §dt
where € is a white noise process. The diffusion coefficient ¢ is a measure of the
dispersion of the disturbance term around its mean. For a discussion of the diffusion

coefficient see Arnold (1974), chapter 2.

As a more general case, a second stochastic accumulation equation will also be

60 The diffusion coefficient is the instantancous standard deviation of a Wiencr process.
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considered where both foreign and domestic capital are subject to random shocks.
ak =(sy + Bt + oKt + oKz, - (328)

To compute the stochastic neoclassical differential equation of Erowth for the

economy ux&der (3.8), we make use of Ito's lemma. We are given that

dK = (sY(K, L) - pkd + K. C(I)) dt + oKldz
dL = nLdt

Letting k = K/L, Ito's lemma is stated as

2 2
dk--a—k—d L) —dK 1———(dK) 22 2% (o @y + 2K @’
Tt 9KIL oL

L2
(nLdt)+ sY -pKd+I~J-aKd-be dr + oK'tz &

\ .2 . i
‘ % sY-pKd+1hg-aKd-bejdt+O'Kéiz

nLde + 2K (L)
L

(5y ke blc/j dr + ok (3.2.9)

*

The effect of stochastic shocks to the evolution of the foreign capital stock can best |
be explained as a type of stochastic depreciation rate, where the rate could be either
positive or negative. Capital may simply evaporate, or alternatively, a better production

technique could make it appear that the capital stock has increased. The analogue of
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(3.2.9) for the case where both types of capital are uncertain is given by
=|sy -(p.+n)kd-nkfjo—zf-ukf-bkdjdt+G{c%izl+ajcfdzz (3.2.9)

3.4 The Borrower's Problem-and a Solution

To determine the optimal atiainable growth path for the case where only foreign

capital is uncertain, it~is necessary to maximize the objective intégral ;
A

V(t,k3=mchf' e"?u[(l'-s)y[]dt
. o -

' PRy )
subjectto dk} 507 - @k nkf+k -k’ o e + ol
| kb k(O) S (3.2.10)

The objective is to.maximize the utility derived from current consumption by
controlling the policy variables s and kf,, subject to a stochastic capital constraint. The
economy can be described at any time 't by the state variable’ kd The transversalify

 condition for this infinite horizon problem is glven by

lim Ke%=0

{—> 00

1o

¢

| Wthh insures that the boxrower does not take on debt 1ndcfimtely in order to. finance

debt service.

To solve stochasti¢ optimal control prdblems begin with the basic equation

cm .

w
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2
. ,—Jt(t,kd)=max ut,k, s)+J (¢, k) g(t,k, s)+% O'Jkk(t,k) (3.2.11)

Sy

where the J function is the maximized integral in equation (3.2.10) to follow without
constraint. Equation (3.2.11) emerges from a lengthy derivation ‘§f£1rting with equation
(3.2.10).: See Appendix A for the proof. All stochastic optimal control problems utilize
the basic equation (3.2.11) which is called the Hamilton-Jacobi-Bellman equation.

Properties of the utility function include v’ > 0 and u" determined by the degree of

risk aversion61., Multiplying V(t, kdt) by edt yields a time autonomous. problem.
Following Kamien and Schwartz (1981), substitution of (3.2.10) into (3.2.11) yields in

general form

J 3 = u(t, k, s) +J (k) gtk s)+l ozlcle k) ' )
()= max|u(t, k, 5) +J ) g1k, ) + 5 il (3.2.12)
5,

The borrowing country is going to maximize the discounted*’vélue of consumption
at each point in time up to infinity, subject to a stochastic constraint on the ability of the
country to supply new domestic capital for production. This js the standard-Ramsey |
problem with debt. The domestic capital-labor ratio kdt is the state variable which is
influenced by two control variables, foreign debt kft and the average propensity to save -

sy . Equation (3.2.12) can be made more specific by inserting the utili‘ty function and the

domestic capital constraint to give

&

61 In order to avoid s = 1 we could assume a utility function such as u = In ¢ that in_ the limit as ¢y —> 0,

= - 0o, . - »
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2 - L
) . . . 2 !
iy —— u(c)+Jk[sy -(u+n)k:i-nk{+k{-akd-bk[1+:lz—alcf il G2.13)

-

[N

!

ik

Performing the necessary maximization gives as first order conditions (dropping

time subscripts)

“Uclftk) - i) y + T (fik) - ik)K) y = 0 S
uc(1-s)(F (k) - IO - i) + T (s(Fk) - i ) -n) + Iyt =0~ (2)

From (1') it can be deduced that u¢ = Ji, or the shadow price of domestic capital

eq'uals the marginal utility derived from consumption. Denote the implicit 'solutionE for
the average propensity to save and the foreign capital stock as s*(k oz)and kf*d, 0’2)

Substitution of these solutions into 1’ gives:
ucl(1-5*) (f1k*) - i(kPf*)] = Ty

| Differentiating with respect to kd yields an expression for J .

"

U -s% fkd+(fkf-ikf/([ -;)__d_ =y =Ji ‘ : 1

Substituting the expressions for J and Jj into (2') and rearranging gives
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¥
13
| \
n - 1

o |
g £ " . . . i 2
Fri iy f1+-di‘,%(fz-i'k’*-i) 1-59-Ey ko =0
= dk” - dk .

s
by

o,

T

b+~ THhe new term I = -ucc/uc is the Arrow Pratt measure of absolute risk aversion.
The parameter r takes on positive, zero, or negative values as the represemanvd
md1v1dua1 in the borrowmg country is risk loving, risk neutral, or risk averse thh
respect to consumption. We will assume that income is valued more in bad states than i in
good states implying nsk aversion. Note that if the representatlve individual is rlsk
ncutral the risk term dxsappears and we achieve a similar result for foreign borrowing 1f
risk did not exist62. Rlsk ncutrahty YICldS the results that negate the effects of risk,
hcncq to continue the discussion the borrower wxll be assumed risk averse (r < 0),
Assuming the utility function u = In ¢ we can rewrite the condition as

e

Fy ik ion- flfid"*k—;(fz-gk’#-i)%-—d(l 5 | iho=0

or in elasticities form

__ fri-n |
= - . : 3.2.19)
y ¢ g 2
i’+[nk¢'+nka"}k'6 s - ;

Equation (3.2.14) is the solution for kf and describes the optimum marginal

condition for borrowing risky' foreign capital. The terms nY* and n°* are the optimized

62 Oddly most theoretical papers on opUmal borrowmg of lending behavior assume risk ncquahly which
would scem to eliminate any discussiof of how risk on borrowed funds affects opumal behavior.
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elasticities of per capita income and the average propehsity to consume with respect to
the domestic capitaklabor ratio. A necessary assumption to insure that kf* 2 0 is that fa
-i-n>0 Ina certainty model where 62 = 0, wehave the standard factor demand
solution kf* = (f2 -i- n)/i'. ' When 62 >0, the optimal stock of foreign capital may rise,

fall, or remain unchanged depending upon the sign of (MY + M°). This condition makes
some sense. The sum of these two elasticities is the elasticity of per capita
consumption with respect to the dpmesﬁc capital stock. With foreign capital suddenly
risky‘tz hold, the producer may wish to substitute towards riskless domestic capital, even
if this means paying a higher price for it. However the extent to which this substitution
occurs will depend upon whether this action raises the objective of maximizing per
capita consumption. If acquiring more domestic capital raises per capita consumption,
(MY + n) > 0, then demand for foreign capital will be reduced. Will this always be the
case? Not always because while 1Y > 0 with any normal production function, € is

probably negative at the steady state solution. To see this, consider the constrained

solution for s* from (3.2.8).

o wEmk

£ -i (K >

Assuming a Cobb-Douglas production function f(k) = k& and evaluating the

¢

derivative ds*/dkd gives

( tkj;")(u+n) ok l(1+—) zdkf*kf*-z——)(u
dst

=

&k (k"’-ikf*)2
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Recognizing that dc*/dkd = -ds*/dkd, the elasticity of the average propensity to

consume with respect to the domestic capital-labor ratio is

| B )
-k (ka-ikf*)(u+n)- ok ™+ ‘”‘:(odc""-i il + ) kY
c ’ : dk

n= (3.2.15)

(-9 ikf*)3

The sign of N clearly depends upon the sign of the bracketed term in (3.2.15).

Eliminating (1 + n), the first term in the bracket is simply the factor payments made to

domestic capital and labor. The product ok®-1kd is the factor payment made to
domestic capital, thus we are left with the return to labor after performing the
subtraction. The last term is the increase in net output when kf increases due to the
increase in k463, This amount multiplied by k9 is probably of second order smallness

making the elasticity negative.

With nY* positive and °* negative, the term 1nY* + n€*, or the elasticity of per
capita consumption with respect to kd, is ambiguous. The following proposition

suggests an intuitive answer.

Proposition: Evaluated at -the steady state solution where the control variables
take on the expected maximized values s = s*(kd) and kf = kf*, the elasticity of per
capita consumption with respect to kd is always positive.

Proof: The proof should be intuitively obvious. The sum nY* + 1n* gives the
elasticity of per capita consumption, (dc/dk )k 9d/c). Reconsider the first order condition

(1), u'(c) = Jx. Remember that J is the maximized objective fﬁnction when s = s*(kd)

63 The portion of the marginal product schedule attributable to k{ shifts outward when k4 is increased.
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and kf =kf*. Its derivative with respect to kd, ‘J k» is always positive since u'(c) > 0. By
increasing k4 by an infinitely small unit the J function increases, thus (dc/dkd)(kd/c) > 0.

' From equation (3.2.14), it is clear that the case of uncertain foreign capital lowers
its demand relative to the certainty case. This effect will be magnified the larger is the

domestic capital-labor ratio k4 and the variance of the unanticipated component of

foreign investment 2.

The solution for the case where both domestic and foreign capital are urcertain is
only slightly more complicated. It can be shown that the Hamilton-Jacobi-Bellman

equation becomes

L) 2 L]
u (c)+Jk[sy - +n)k;1-nk{+l&{-akd —bk;]
'J‘ =max

i 1 2 £ i,f d |
gL +yJi|ok” +ok +ok ogﬁjpn

| =4
4

where p |5 is the correlation between the shocks dz) and dz). Maximizing with respect
; ® w
“tosand kf gives the first order conditions

-uclfik) - i)y + Iy (FKJ - ickhBy =0 -,

-
&
f2J d
uc(1-5)( (k) - VR 0) + T (s(F (k) - DK ) - n) +F o k 02+-$ GOk pp =0
. &
3 %
Substituting the implicit solutions for Ji and Jy as before, and solving for kf* gives

- ¢
. »
1 ]
&
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y c
. 02,4
fyi-n +|:77k‘*",+77k“"‘:|———k Pr B
- 2

ETECRAWE | (3.2.15)
i'+ nkd*+nka°* ko,

__ The change in kf* in moving from a certain environment to an uncertain one is not

s k

unambiguous, as in the previous case. The behavior of kf* now depends upon the .

domestic Capital-labor ratio, the variances of the unanticipated components of both
domestic and foreign capital, and the correlation coefficient between the shocks dz| and
dzp. Consider three possible situations: 1) only foreign capital is uncertain, 2) only
domestic capital is uncertain, 3) both foréign and domestic capital are uncertain. In the
first case the solution for kf* reduces to (3.2.14). The demand for foreign capital is

reduced relative to the certainty case. In the second case, (3.2.15) reduces to the

certainty solution kf* = (f 2 - i - n)fi' because 65 = 0. The only interesting, and perhaps

realistic case is where both 61 >0 and 69 > 0. The analysis will be restricted to’

assuming p12 > 0. The direction of change for kf* now depends upon the relative

changes in 01 and 0,. The comparative static results are®

‘ y (0] d\—
; ln +njfk Po
_d_k_ = 2 > 0
y : v
401{a;>0 i'+[77 +771de2 c

a5

&

64 Strictly speakmg it is not proper to consider comparative static results-on the solution for kf"' Fhe
solution would require total differcntiation since all the terms in (3.2.15) arc functions of the two vagﬁgnccs
excepting for n. Because we are moving from compleic certainty (0 an unccriain environment with only an
infinitely small increase in both variances, it is assumed that the changes mylhe other tcrms are of second-
order smallness. ™
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where it is now understood; that nc is the elasucng' of per capita consumption w1th‘
rcspect to the domestic capital-labor ratio. If pyo > 0, then it is urfambiguously true that
an infinitely small increase in the variance of the unanncnpated component of domestic- ‘
capltal raises the demand for foreign capltal holdmg ) and everythmg else constant,
Domestic capital becomes relatively more nsky to h%ld thus there is a substitution effect |
towards forelgn capital®3, The effect on the demand for domestic ¢apital of an mcre&Sé?

in the riskiness of holding foreign capltal is not so unamblguous The ‘numerator -of a*% 5

3

dkf*/do can be reduced to | ; :
c* 2 d v.- ' S .
R P,n"z"z‘fz_' 1'"?)7 ’ :

- which can be assumed negative with only minor discomfort. Thus when foreigg capital

becomes more risky to hold, the optimal policy is to reduce its demand.

/It is important to note that both comparative static results depend upon the relative
variances of the two types of capital and the correlation between the two types of o
B Four

shocks. Uncertainty occurs in the model in two ways. First, a change in the relative
variances makes one type of capital relatively more risky to hold and thus reduces its

demand. Second, the stronger the positive correlation between the two shocks, the

65 To derive the net effect of an increase in the riskiness of domestic capital on the demand for foreignk
capital we would have to allow all variables to change by taking the total derivative.
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gives one the ability to a.nt1c1pate the direction of a shock tb one type of capnﬁal given a‘

| "}%. shock to the other, increasing the confidence of makmg an optimal decision. Perfect

, .
‘a‘{

posmve correlation reduces the ﬁroblem to only encoumenng uncertamty in the relanve

varignces. Zero conqlauon reduces the problem to the case where domestlc capital is

ot uncertain and equatlon (3.2.14). If there i s no ability to anticipate the d1r ction of a

a shock to one type of capital; given an observed shock to the other, we only Lare about
‘expected values and not variances. Consider Fxgure 3.1. The expected value of the
stéady state soluuon is given by k* where s = s* and kf = kf*, An increase in the
.vana.nce of the shock. Jerm to kd makes the s*y* curve mo;'e varxable. but does riot «
change its expected value6; Since we do not change our demand for domest1c capna.l
-there is no change in the demand for foreign capital as (3.2.14) predicts. However if the
correi‘auon betw?‘en shocks is positive, a shock to forei gn capgtal changes the expected

value of kd, which then.changes the demand for kd and kf in (3 2 15). An increase in 0

- then increases the probability of a large shock to kd in the same direction as the shock to ",

- kf. "The controls s* and kf* will adjust to move the s*y* curve to some ngw pbsition.

N
o

perhaps s'y'. B /

M 4
e

e

¥

66 There must-be a unique dxstnbqun for both k4 which is time- -indepcndent and mdepcndent of thc
initial value of kd towards which the slochasuc proces for each lends It can be shown that the slatxonary
-distribution for kd lS given by ‘

' ' kﬂg ‘
exp| 2 s"Lz)y"'gzg-g,L+n)z dz

o-lz ! N o -

d
rk )=

.o

.
where z(t) is a slandard ran,don; vanable wnh 210 mmn and unit variance. The constant m is chOsen such *

: thal f n(z)dz=1. I can also be shown lhal .lhls mstnbuuon is Liapunov stable. Sce Malliaris and
! . ¥ :

Brock (1981), P. 104 106
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Figure 3.1

The Steady State Solution
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3.5 A Rationale for Rapid Debt Accumulation

The purpose of the stochastic dynamic programming model developed thus far is to
provide a possible scenario for the rapid build-up of LDC debt durmg the 1970's. If this
wére to occur in the context of the model, it would have to be an optimizing response to
capital uncertainty. During the 1970's, capital uncertainty took the form of shocks to the
prices of complementary inputs in production, most notably, the price of crude oil. It
has already been noted in Chapter 1 that oil price shocks are one of three principle
reasons believed by the LMLF. to cause the "debt crisis" of the early 1980's. The "suppiy
shock” literature? demonstrates that unexpected shocks to the prices of energy inputs
shift the production function causing unexpected changes in the productivities of
complémentary inputs68. Essentially the stocks of capital and labor contain a stochastic
element which is positive correlated with the shock to the energy input. In the
continuous time framework utilized here, the rate of accumulation of the stock of cvapital :
contains a stochastic element, rather than the stock itself. While almost any
unantiéipated exogenous shock can be lumped into the stochastic term of the
accumulation equation (technology, human capital, natural dxsasters), the energy price

induced supply shock was dominant during the 1970's.

Behavior similar to the extremely rapid debt accumulation of the 1970's can be .
obtained from the theoretical model in only one scenario, Both domestic and foreign
capital contain stochastic elements which are not necessarily identical. The variance of
the unanticipated component of domestic investment must rise substantially relative to
its foreign capital counterpart. The borrower-producer will then substitute towards the

relatively less risky foreign capital, which is analogous to rapidly accumulating debt. A

67 Any recent macro-economic text should provide an examination of the effects of supply shocks. One
good exposition is Kennedy (1984), p. 290-302.

68 The borrowing LDC is assumed to be a net encrgy importer which means an unexpected positive shock
to energy input prices reduces the productivity of complementary factors. A net oil exporting country
would experience the-opposite effect.
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second requirement is a positive correlation between the shocks to domestic and foreign.

capital, which does not seem unlikely to be satisfied. The stronger the correlation, the
more pronounced the substitution towards foreign capital. The bofrowér-produ*cer
maximizes his utility from consumption per capita by minimizing the riskiness of output

*

fluctuations due to capital uncertainty.

This result is analdgous; to the consumption-smoothing and consumption-
augmenting behavior discussed in Frenkel and Razin (1987). In this case the same
behavior has been found to exist in an infinite time model as in the twb-period model
used by Frenkel and Razin. The consumption-smoothing effect occurs when the
variance of domestic investment rises relatively to the variance of foreign investment.
Here the optimal decision is to reduce the domestic capital stock and increase the foréign
capital stock in order to minimize unexpected fluctuations in income " and
consumption69. The consumption-augmenting effect is more subtle but potentially
more powerful. Remembering that at the implicit solution fo; s* in Figure 3.'1!, the
derivative ds*/dkd > 0 implies that as relatively riskier kd is reduced from the
consumption-smoothing effect, the optimal control s* is also reduced. This effect
releases a higher percentage of income to be utilized towards valued consumption. In
this way a falling savings rate is not a precursor to taking on additional debt, as several
authors theorize in Chapter 2, rather it is an optimal response to taking on additional

debt.
3.6 Extensions

An interesting extension to the model developed in this chapter would be to build a

similar model in discrete time. While algebraically more difficult, discrete time offers

the ability to generate borrowing waves, such as those observed by Lindert and Morton

%9 This can be accomplished by allowing equipment to wear out or exporting capital abroad (lending).
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(1987), by inciuding some propagation mechanism conditioning some type of pani.al

response to unanticipated investment shocks. For instance Kydland and Prescott (1982)
use a time-to-build constraint where capital docs) not become productive until one period
after investments are made. Greenwood, Hercowitz, and Huffman (1988) also Utilizé ¢a
time-to-build constraint, but also include a variable rate of caiaital utilization. Long and
Plosser (1983) assume that current values of the technological shock, and thhé

production, are not observed until the next period. Any one of these propagation

mechanisms could be applied to a dynamic discrete time borrowing model, which could

then be calibrated and compared to observed covariances in business cycles with large

borrowers.

oo
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4.1 Purpose \ .

@

K

- The model developed in Chapter 3 is essentially a stochastic growth modcl ‘with
international debt. Although the model is simpler in structure than dynamic models

without international debt 70, it still ylelds unamblgﬂous predlctlons

The critical theoretical prediction is that the borrower's optimal response io a
higher level of risk in demanding either domestic or foreign capital will be to increase

o the relatively less risky type while reducing the other in order to buffer the economy

from large drops in consumption, holding the margmal cost of borrowing constant. This ™~

is the consumpnomsmoothmg effect. A secondary prediction is that during the period
~ of rapid debt bmld up the average propensnty to save should be falling, the
consumption-augmeriting effect. The remainder of the chapter will concentrate on

testing these predictions using a sample of South American LDCs71.

The model in Chapter 3 assumes that investment with foreign capital and foreign -

debt are equivalent. This is not the case in the real world. There is no reason why all
~new foreign debt must be converted into purchases of foreign capital and not used for
'lconsumptlo_n. foreign currency reserves, etc. Nevertheless the usual rule of thought is
that debt is taken on to make up the difference between national savings and gross
investment. It is true that foreign savings is necessary to finance any current account
- deficit, but this 6nly captures a small portion of Nmf_}?:rrowing. For this reason a

separate demand and supply model for new debt is specified based on the dynamic

1

~ 70 See for example Kydland and Prescou (1981), Long and Plosser (1983) and Greenwoog Hercowitz,
and Huffman (1988). , yA

71 The theoretical predictions could just as well be applied to developed economies and tested there.
However the rather spectacular build-up of debt in LDCs makes their study more relevant and interesting:
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model of Chapter 3. o e

o
5.

The key behavioral assertion from™ Chapter 3 ls that investment and. savmgs* o
decisions are made taking into account conditions in world credtt markets The takfng
on of additional foreign debt is not snmply a rﬁsndual process after opttmal savmgs and
investment decisions have been made. Investment and Savtngs‘functnons will be

estimated simultaneously using Zellner's seemingly unrelated regressions technique.

1

LT N, ?
~r 7

The ratio of the residual variances for, ﬁ'ew debt and savin‘gs will be analyzed _
against debt/GNP ratios for 15 South Atnencan LDCs to provndc a direct tcst of t-hc et

N 2 . _,,/ :

dynarmc model from Chapter3 o S . \ e T
- S, & R

In Section 4.2, 1nvcstment and savmgs functlons shall be specxﬁed and estlmatcd .

in Secuon 4.3 for 15 South Amencan LDCs. I&Sectron44 “areduced form new debt "“: ’ E
equauon will be dcnved and estimated i in Section 4.5 Sectlonad 6 wxll analyze th& wz#/

variance ratios for the 15 EDCs versus the iheir respectlve dcpt-GNP ratlos Sectlon 4.7

will conduct unit root tests to determine the xmportance of the reaf shock chponent of . i
1nvestment to the determination of the _paths of real GNP Section 4. 8 pr0v1des a bnef -
summary and conclusions. - L AL ‘«)v,,__,f, :

T R \
- - ‘ |
- \

4.2 Derivation of the Investment and Savings Functions - " e

Obvxously the resylts may depend critically on how-one models antxcxpated \
- mvestment and savmgs If the éﬁ)nometnc functions do not capture variables used by
“individuals to form expectatlons of 1nvestment and” sav1ngs the vanances of tlie

unant1c1pated components will be bxased This problem is almost unavoxdable in any*,

\

econometric equation contammg expectations terms however the problém 1s \

particularly acute in dealing with LDCs due to the lack of avallable data’2. \ R

o n Blejer and Khan (1984) note the difﬁculty in estimating neoclassical investment functions for
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-~4.2.1 Investment Function : S '

“ -

The most standard investment model in practical use is the flexxble accele%tot*

The flexible accelerator model has the desired capital stock K* propdrtycmal to reai o
output y . .

) ‘1
E \\7‘ )
S Ty=ocg .. 7 A\
S e r.; R Ry . i T \.{\%\ »
where g is the growth rate of real iricome. The partial-adjustment mechanism is standard- X
and is as follqws,‘ - B - 7 7 e \
N R BT I } |
Ii- It;-1‘7~(1"‘ Itl)or o - o
C REAF+Q- Ml , R
: U
o e )
. ‘ -H\“‘V’;‘\ N L
gﬁnous Varlables is. mserted to explam ;he
developing countries due (o lack of available data on capital stocks and their rates of return -
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Th&cxogenous variables chosen mclude a riskless real 1ntcr¢st rate, a risk- mcluswe

) /rﬂ rate of interest, the real cxchangc rate, the terms of trade, anp the debt-GNP ratio,

The use of these variables i is justified below. Smcc user costs of capltal are gcncfally

unavaxlable for developing countries, a proxy used was the 6 month LIBOR rate minus
thc anhclpated U.S. raté of 1nﬂapon Obviously the observations wﬂl be the same across

countries reflecung the assumpubn of perfect capital mobility.

The risk-inclusive real rate of interest reflects the price of a substitute for financing

investment through addjtic)nai savings. Annual average Euroldhn nonﬁnal\lcnding‘ratéé

were obtamed for each country ovcn the sample period 1965-84. As the bulk of lcn;dmg

/”to deve10pmg countries is in U.S. dollar dcnommanon it was, necessary to Spccxfy an

information set for modelling the cxpectcd rate of U.S. mflanon This expectcd; Tate was
then subtracted from the nominal Euroloan rate to arrive at a real rate. of interest on
international capual The cquauon‘modcllmg the expectqd ratc of U S mﬂanon
followed that used by Fair (1984)

=a +Zbﬂ. 1+EC;W. 1+Zd{"P. 1+Zezz 1+V:

~i=l i=1 =l i=1

“ where Tty is the rate of inflation measured using the GDP dcf‘l\%;tor at time t, wq is time t

wage inflation, mp; is time t percentage changes in import iiriccs, and zz; is a time t
demand pressur'e,»vrariable. The variable zzjo is the gap between potential and actual GDP

as a percentage of potcntiai‘GDPT Potential GDP was determined by “int_érpolating peak

- 1o peak movements in GDP over the sample period 1948-86. The estimated equation is

given below with t-values in parentheses. N
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A
e
s
o

Mg =-.035721 +.43228m_1 - 1.1992my.3 +.549197;.3 - 2828974 - .14507w;.
(- 79206) (1.3005)  (-3.3476)  (1.2729)  (-66385)  (-28462)

+/75166wt 9 -.71352w.3 - 14652wt 4+ 33713"’1’( 1 +.20488mp.5 -
/ (4.0896) (-1.0568)  (-.24337)  (2.0670) (1.1328)

23227mpy.3 + .03649mpy_4 - 78500271 + 1.31922z_7 - .576682%.3
(-13756)  (21604)  (-3.0927)  (2.8948)  (-1.2887)

+.019936z2z;_4
(.0674)

- Adjusted R2 =0.7555 DW =22836 F=7.568

Since the nominal lending rate includes a spread above LIBOR for country specific
risk, the risk-inclusive real rate of interest is not the same across the sample of coun'trics.
If different borrowers face different risk spreads, it does not make sense to assume that =
capital owners will demand a riskless rate of return on lent capital, whether they be"
d%omcstic or foreign owners of capital. -Figure 4.2 provides a one standard deviation error
bar for each year from 1978-84 for the mean risk spread.abochIﬁO'R%for 52
countries 73, If the entire distribution of spreads is. con51dered the error bars argmuch
larger. ‘A table of all risk spreads for each country is contained in ah appendlx
Generally most previous papers do not incorporate risk premia in their. real interest rates
either because the nature of the paper necessitated usmg the risk sprcad for each country, w
which is only available in quanuty starting in 1978 or risk is snmply igrored (Fry
(1989)). In this case both risky and riskless rates have been included.

The real exchange rate is measured as the ratio domestic prices to U.S. prices

73 The annual spread for each of the 52 countries is a weighted average where the weights are the

-magnitudes, in dollar terms, of each individual sovereign loan. Thcse‘ﬁgures were compiled from various
ﬂsg issues of Euromoney. An ANOVA test yielded a significant F-statistic of 6.437 at the 1% level of
~ significance, indicating that the mean risk spreads are not equal throughout the samplg.
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multiplied by the nominal éxchange rate. When rebased to some base year, the real
exchange rate measures the extent to which the nominal exchange rate is over or
undervalued’4. In the first chapter it was noted that an overvalued nominal exchange
rate could result in expectations on the part of capital users of a depreciation in the
nominal exchange rate. This would be reflected by a real exchange rate of greater than
100. To achieve capital gains, capital equipment could be imported before the
anticipated depreciation and then sold or loaned after. This high inflow of new capital

just migilt spur investment on the part of capital users.

Persson and Sven;son (1985) show that an unanticipated permanent improvement
in the terms of trade (export prices/import prices) may raise the domestic investment-
income ratio by raising the rate of return to capital 7,

The debt/GNP ratio was included based on the solution for the model dcvclopef
‘ Chaptcr 3. There it’ was found that the implicit optimal solution for the average
propensity to save, s*, was a functnon of both the domestic capital stock and the forelgn

capital stock.

%
dk *-[s *(k,,k’)y -+ ) ]dtfrok‘;iz P

¢

A

Depreciation of the capital stock was not accounted for in the investment equations
‘because adequate estimates of depreciation were unavailgble for the entire sample
%
period76. One technique to overcome this problem is to assume straight-line

depreciation and model this as Dy = a + bt where Dy is depreciation at time t and the

74 Nominal exchange rates were obtained from IFS. Price levels were GNP deflators obtained from IFS,

75 The terms of trade index was obtained from various issues of the annual publication Statistical Abstract
of Latin America (SALA). ‘ .

76 Depreciation eslibmales are surprisingly available for some LDCs for recent years in the United Nations
Yearbook for Latin America in the national accounts sections.
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Figure 4.1
One Standard Deviation Error Bars for Mean Risk Spreads

for 52 Countries (1978-84)
| @

16
T
1.4 . r
[
124
o\ (
1 \l\ !
4 1
6
l:
4
- L
.2 T T T T T T T
1978 1979 1980 1981 1982 1983 1984

—

Note: See Appendix C for calculations. All ﬁgurcs faken from various issues of Euromoney.
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variable t is a time trend’’. By substituting this equation into the investment function,
the depreciation term falls out and thus need not be measured. . This is equivalent to
regressing the dependent variable, investment/income, on a time trend which, for reasons

already discussed at length, is an inadvisable method.

The final estimating equation for the investment function is
v
fﬁ*g“,

'Y =f(g,r,i,e,TT,D/Y,(IIY),])

L4

where ry = riskless real interest rate, i; = risky real interest rate on debt, e; = real
exchange ﬁate index, TT; = terms of trade index, D/y; = debt-GNP ratio, and v, is a

disturbandé term ~ N(O, ozv).

42.2 Savings Function

Savings is estimated using the ex{endcd life-cycle model employed by Fry and
Masor?’ (198 1‘). In this model young income earning individuals save in order to finance
consu;'npiu'on when they are older non-earning individuals. Each household ;:onsumcs all
of its/resourccs, over its lifetime (no bequests). Defining consumption C(a) and earnings
Y(a) for a household of age a as a fraction of lifetime carhings, we can say that the level
of househoid consumption L wiu satisfy L = f C(a)da =1 and household earnings
will satisty f ¥ @da=1. SR

\
\\

)
e

- The behavior of the aggregate savings rate can be through an aggregate

-consumption function of the form : S

S
l-s=¢=f V@Cw@da

77 See Fair (1984) p. 174-5.

}“ e
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where V(a) is the ratio of lifetime resources of all houschblds;aged ato GNP. At the
steady state solution V(a) is time autonomous and is given by V(a) = V(0) e"82 where g
is the instantaneous grov;th rate of real GNP. Note that if g = 0, then V(a) = 1 and the
* savings rate is zero. Given positive growth in real GNP, the lifetime resources V(a) of
young savers will exceed that of older dissavers and the savings rate will be positive,
given that savings is concentrated among young households. If sailings is concentrated
among older houseliolds, an increase in g might lower the savings rate. Commonly it is
thought that the age where mean lifetime earnings is reached (“y? is less than the age

where mean consumption is reached (i), thus the GNP growth effect should raise the
savings rate. 24,\ : '

Substituting the expression for V(a) into the expression for consumption gives

7

c = v«))f e C(a) da

’:\ .
Fry and Mason (1982) show that the expression for consumption can be worked

out to be the rather unsurprising result
‘ /

-

fe""C(a) ) L
fe"“}'(a) | o

and can be approximated by Inc=InL + ( My - 1c)g. The savings function is thus
N

cC =

o
]

1
In ['1—'?;] =-InL +(Llc'}1y)g -

82 ' !
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s
For moderate savings rates, Fry and Mason (1982) note that In [1/ (1-s)] = s. Household

,‘consumptnon L can be approximated by a log -linear functxon of a set of independent

variables x, L = ¢"®X_ Substituting into the savings function gives the lmear savings

function

S = ax+(Uc-Hy) 8

As was the case with the investment function, the savings ,functixon;Will exhibit a
lagged adjustment to changes in exogenous variables and thl}S a laggdd savings rate will
be included. The set of exogenous variables x will include a real rate of return on
savings r, a risk inclusive real interest rate on foreign debt i, the rate of ‘cflange in income
't:'at.tributable to terms of trade changes TTY, the debt-GNP ratio D, and the rate of .

" inflation.

The real rate of return on savings is the same world real interest rate used in the
investment equations. Again the risk inclusive real interest rate on foreign debt, i, is
included in order to reflect the interactive decision process between savings and

additional foreign debt.

Savings decisions are not only sensitive to the real growth rate of output g, but in
an open economy they will also be sensitive to change in real inéome due to changes in
terms of trade. Real income is defined as y + X(Px/Py, - 1) where X is exports and
Py/Pp, is the terms of trade. The terms of trade variable TTY captures the éhange in real
income due to changes in the terms of trade: TTY = [ACPy/Pm)/(Px/Pmt-1] X 1/¥e-1)-

An increase in g or TTY should raise the savings rate.

The debt-GNP ratio could be a prcllmmary indicator of imminent. governmcnt

acuon to reduce the debt overhang on the economy. Policies such as future devaluauons,
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&

future tax increases, etc. all figure into this variable. The effect of the débt-GNP ratio on
the savings rate is ambiguous because, while future evaluations will reduce real income
thereby reducing the savings rate, a higher level of current borrowing may necessitate

future tax increases causing a higher savings rate today (Ricardiari equivﬁlence).

Stockman (1981) using a discrete infinite time model showed that a positive -
inflation rate reduced the optimal capital stock for producing firms, re’sulting_ in é; |
correspoﬁnding fall in savings. On the other hand, MacKinnon (1989) contradicts this
result in a three period model by showing that a positive inflation rate is a tax on
corporate dividends which makes it optimal to increase retained earnings.

As was the case with the investment function, the savings rate is likely to exhibit
lagged adjustment towards the optimal savings rate, thus a lagged dependent variable is

included. The life-cycle savings function to be estimated for each of 15 countries is
. A
‘ K 4.

R

s = h(r,i, TTY,D/Y, &, g, s1.1) - ' .
4.3 Estimates of the Investment and Savidgs Functions ' .

The equations were regressed simultaneously for each of 15 countries over the
period 1965-84 using annual observations. Admittedly the degrees of freedom are not
large for this estimation. In order to take advantage of cross equation correlation of the

residuals, Zellner's seemingly unrelated regressions method was used?8. Statistical

 results appear in Table 4.1 below79,

78 All statistics and estimations were performed using the SHAZAM econometric package.
9 A time trend variable was included in the investment function to try to account for depreciation of the

. capitaL stock, however this variable was dropped as it did not add any explanatory power to any of the

regression equations. In addition a simple flexible accelerator with expectations was tried, but the resulting
fits were very poor. The DLAG option on SHAZAM was used in order to yield more efficient estimates
when a lagged dependent variable is present.
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g
Table 4.1
Results of Estimated Investment Equations for 15 Countries
1965-84

Country g r i e TT DY (/) T h

Bolivia 229 224 035 000 -0230 -S553 576 -.002 .45
(655) "(1.02) (063) (107) (-339) (-064) (333)* (-089)

Brazil 098 392 001  .003 -.192 -11.00 266 -.0352 91
(1.63) 297)* (033) (1.55) (-462) (-752) (2.80)* (-1.22)

Chile 414 3527 575 -944 -051 83 07 001 572 444
(324 (1.15) (1.30) (-785) (-1.52) (.100) (320) (.070)

Colombia 249 -016 -057 -.692 -036 -2239 066 .048 143 -28
(1.04) (-.127) (-235) (1.28) (-143) (-1.08) (224) (414)

CostaRica 363 -008 140 -209 -012 -167g -129 .16l -143
(2.102) (-077) (4.26)* (-551) (-267) (-076) (-820) (3.76)*

Dominican 335 004 -758 -10.76 .002 377 327 .118 -1.02
(T02)* (035) (-5.28)* (-167) (108) (120) (3.62)* (1.64)

Ecuador -001 216 -668 -399 049 -152 626 -.127 2.02
-071) (1.11) -(-123) (-768) (1.37) (-513) (3.17)* (-949)

Guatemala 208 -002 -341 856 014 -18 503 242 -3.01
(791) (-008) (-639) (744) (217) (-007) (2.86)* (1.49)

Honduras 584 -623 -893 -607 -044 702 551 -201 41
(3.38)* (-2.54)* (-1.87) (-668) (1.37) ' (3.54)* (-.749)

(-347)

85



Chapter 4: Empirical Testing

Table 4.1 (cont.d)
Results of Estimated Investment Equations for 15 Countries
1965-84
Country g r i e TT DIY UY), n R2 h

Mexico 542 -207 302 -077  .015- 17.69 162 -.021 821 349
(2.43)* (-2.03) (928) (-149) (1.18) (1.49) (.706) (-.251)

Panama -.165 -.352 1.0 1120 -004 -11.86 .197 .1.061 85 -1.62
(-1.06) (-1.21) 397N)* (7137) (-.049) (-1.92) (1.09) (2.718)*

Paraguay .154 067 -245 2023 033 -11.39 92 033 967 -148
(1.78) (.668) (-.738) (23D*~ (1.53) (-2.01) (10.2)* (.552)
3
Peru 013 -475 839 017 -032 -313 971 - -039 759 -87
(.084) (-:2.39)* (2.30)* (1.33) (-1.17) (-386) (6.57)* (-.837)

Uruguay 05 -227 -225 -057 -016 120 667 -01 712 233
(396) (-1.76) (-865) (-726) (-789) (414) (3.15)* (-.720)

Venezuela 1.01 -671 -315 1034 009 .165 922 -416 882 -62°
(4.02)* (-2.28)* (-.938) (3.08)* (.915) (2.92)* (8.06)* (4.57)* ¥

Note: An asterisk denotes significance at 95% confidence. Bracketed termns are t-ratios. h is Durbin's h
test for serial correlation when a lagged dependent variable is present. It is assumed to be distributed as a
standard normal. N ‘

36



Duane Rockerbie

In 10 out of 15 cases the. 5djustrﬁent speed--coefﬁéiemvwas significant at the 5%

~ level. Remember that the adjustment speed is one minus the coefficient on the lagged
investment-income ratio. Those counmes w1th high adjustment speeds (Chlle, Costa
Rica, Colombia, Mexico, Panama) tend to be those who are acuve in mtematwnal capital
markets and are at a relatively higher stage of devel‘opment Relatlvel-y poor countnes at
a low stage of development tend to have very low adjustment speeds (Paraguay. Peru

Venezuela) Most countries fall’ somewhere in between these two extremes

The growth rate of real GNP was statistically significant in only 5 out of ”15 cases.
In the 10 insignificant cases, 8 had relatively small adjustment speed coefficients (x";).
Because the coefficient associated with the grovyth rate of real GNP is actually As, small
values for A reduce the magnitude of the regression.coefficient, in most cases causing
the coefficient to become statistically insignificant. Given small values for A which are
close to zero, little can be said about the magnitude of the accelerator term ¢. Of those 3
cases which were statistically significant, all but Venezuela possess estimatedp
accelerator terms less than one, meaning that the desired capital stock is less than the
flow of real GNP each year. This result might seem odd in the instance of a developed

.country such as the United States, however it is not so odd in the instance of a

developing country with labor intensive industry and a small domestic capital stock.

The signs on the remaining coefficients generally came out as expected. The real
interest rate was statistically significant in only 4 of 15 cases at the 5% level, but always
carried a negative sign. This result coincides with Fry (1988) where, in a pooled
regression with a similar group of countries, the real interest rate was statistically
insignificant80, It would appear that ‘investment demand is interest rate inelastic in

Latin American developing countries, perhaps explaining their recent repayments

80 Although Fry used the LIBOR rate minus the U.S. inflation rate, not taking into account country-
specific risk.
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problcmé. The real exchange rate was statistically significant in only two cases, thésc of -
Paraguay and Venezuela. Apparently the expectation of a looming exchénge rate
depreciation does not alter investment behavior in these countries. Paraguay and
Venezuela are two of three countries in the sample which at one timelor. another
followed an exchange rate fixed to the U.S. dollar. Since currency devaluations under
fixed e‘xchange rates are usually much more dramatic and not as frequent as
depreciations under flexible exchange rates, expectations may be much more important

in determining investment behavior.

The terms of trade variable was not statistically significant in any case. In all cases
the coefficient was of a very small order of magnitude indicating that the terms of trade
is not an important determinant of investment bchévibr._ The debt-income ratio was
significant in only one case (Venezuela), but éﬂways%anied the anticipated negative
sign. This result was particularly disappointing since the theoretical model postulated
that domestic investment decisions were not made without regard to conditions in
international credit markets. The rate of inflation explained the investment-GNP ratio in
only three cases, but in one case was of the wrong sign. It would appear that perhaps
investment can find ways to shield itself against the inflation tax used by many of the
countries in the sample. Overall the investment equations provided less than satisfactory
fits, due to omitted variables and the small sample size.

—

The results for the savings functions are moderately successful. These appear in
Table 4.2 below. The most consistent explanatory variable in the estimated savings
function was the lagged savings rate (6 out of 15 cases). Generally when statistically
significant, this variable indicated slow adjustment of the savings rate to its optimal
value (Bolivia, Costa Rica, Ecuador, Guatemala, Paraguay, and Venezuela). This
variable does not categorize the sample countries into stages of economic development
as clearly as the lagged investment rate in the estimated investmerit functions. The nine

countries which exhibited very rapid adjustment of the savings rate are at widely
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Table 4.2

- Results of Estimated Savings Equations for 15 Countries

(2.863" (272)* (-.0636) (-.584) (1.13)

89

1965-84

Country g r i TTY  D/Y (S/Y) = R? h

Bolivia 065 983 473 582 3089 454 005 723 42
(096) (197) (487) (416) (-2.06) (29D* (676)

Brazil 13 444 -538 883 4023 05T 052 693 -9
(143) (199) (-132) (L18) (-167) (220) (147)

Chile 353 256 -7 609 127 312 008 689  -09
(326)* (T36) (-748) (1.76) (021) (114) (964)

Colombia 186 205 -407 -049 007 -088 056 462  -26

' (1.02) (1.56) (205 (-331) (001) (-443) (.541)

Costa Rica 105 319 542 305 3089 621 -011 758 470
(539) (2.12) (205) 247* (253)* (285* (-281)

Dominican 207 221 S04 -404 1123 046 284 T81  -1.66
@71y (9ST). (L6T) (:2.14) (184) (243) (262)*

Ecuador .03 326 -136 078 274 . 431 247 714 -21
(250) (156) (-306) (499) (-925) 243y (1.91)

Guatemala 443 38  -444 -157 1130 800 312 95

v (B61)* (@31)* (-189) (-151) (963) (9.92)* (S64)*

Honduras 271 184 2271 -052 -1107 224 -03 723 145
(183) (875) (577) (-238) (-184) (885) (-.140)

Mexico 142 013 442 393 242 -121 033 86 137
(1L51)  (286)
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Table 4.2 (cont.d)

Results of Estimated Savings Equations for 15 Countries

1965-84
Country g r i TTY  D/Y (S/V). t  R2 h
‘\ -
Panama 2109 971 991 058 -1078 078 116 636  -02

T (-.684) (3.43)* (4.61)* (431) (-3.74)* (421) (34 .

Paraguay 097 .108 -10  -077  -399 543 169 .56 244
- (318) (365) (-.156) (-212) (-.233) (224)* (1.13)
Peru 27 055 121 114 27 359 -.007 66 -30

(1.18) (249) (1.34) (.582) (.173) (.969) (-.083)

Uruguay 483 104  -944 346 -1.12 186 -022 662 2.3
(242)*  (529) (-232)* (196) (-265) (973) (-1.14)

Venezuela 187 022 -522 -.061 059 733 311 915 05
(.943) (.083) (-2.79)* (-.631) (1.33) (7.46)* (3.86)*

Note: An asterisk denotes significance at 95% confidence. Bracketed terms are t-ratios. h is Durbin's h
test for serial correlation when a lagged dependent variable is present. It is distributed as a standard
normal.
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different stages of development (eg. Brazil vs. the Dominican Republic).

For all countries the savings rate is almost completely ins;:psitivc to both the real
rate of intcrest and the risky real rate of borrowing. This could be for several reasons.
First, the rate of return on savings used in the estimatiéms may not be an accurate
‘measure of the true after-tax rate of return. Second, capital market linkages with the
rest of the world may not be perfect; there fnay be artificial constraints on thé ability to
freely move capital in and out of these countries. 'I:hird, it has already been noted in
Chapter 1 that LDCs do not generally invest until the marginal efficiency of investment
(MEI) just equals the real rate of return on savings due to the constraint the government
faces in raising future tax revenues to meet debt-service payments on some portion of
the new investment, if not completely domestically generated. With the MEI above the -
real rate Qf return on savings, the short-side rule dictates that the resulting quantity of
savi;lgs will be determined by invesﬁneni (the demand for savings). The effective
supply curve of savings becomes vertical at the going quantity of investment and

savings. Further increases in the real rate of return on savings will not increase the

supply of savings since it is not in demand.

The savings rate is sensitive to the domestic inflation rate in four of the fifteen
countries sampled, although its sign is unexpectedly positive in each case (albeit small
in magnitude). The notion of Ricardian Equivalence suggests that individuals may
anticipate that the monetary authority cannot increase the inflation rate indefinitely to
collect an inflation tax. At some’p'o'mt in the.not too distant future, the government will
have to switch to a fiscal tax as the rate of inflation becomes intolerable. Forward
- thinking individuals may increase current savings to finance the anticipated future tax
increases. More realistically there could be a strong wealth effect associated with high
current rates of inflation. Income tax is collected based on the individuals money

income for the previous year, but the tax payments are in current units of money. With a

%
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high inflation rate, the actual taxes collected are small relative to current income, smaller
than anticipated in the previous year when the income was earned. This is the same as

an unexpected increase in after-tax wealth which may stimulate domestic savings.
4.4 Specification of the New Debt Market

From the n;odel developed in Chapter 3 we derived the foreign capital (debt)

dynamic demand equation y

4 . Y ¢ 190,,4
fr-i-n +{nkd*+nka*]—2—2k Pn

e = [ . - ] (3.2.15)

2
nka“‘+nkd*

. d
i+ ko

. c , ‘
or more generally as kf* =f(kd*, 0°21, 0'22, i,n,n,4). Taking first differences debt
| c
demand can be analyzed as the flow of new debt: AEf* = f (A kd*, 0'21, 022, inmn,4d

). We also know the composition of the elasticity of consumption with respect to the

domestic capital-labor ratio

c

¢ y
T’kd= ‘nkd-}-r’kd

The first term-on the RHS, the elasticity of per capita output with respect to the

" domestic capital-labor ratio, is a function of the technology possessed by producers and
can be assumed constant. The second elasticity, the elasticity of the consumption rate
with respect to the domestic capital-labor ratio, is behavioral since it involves the
optimal behavior of the control variable s*. From Chapter 3 we know that the optimal

savings rate is a function of the state variable and the. exogenous variables: s* = s*(kd,
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v
H, n, r). We can assume that the domestic capital stock is a constant multiple of the level

of real output, kd = OY.

Besides the independent variables discussed so far, other exogenous variables
should be included, to reflect uses for new debt not covered in the dynamic model of
Chapter 3. Developing countries often borrow in Euromarkets and from institutional
lenders to replenish exhausted foreign currency reserves. These reserves are used to
stabilize exchange rates and facilitate international transactions. Thus the level of real
' foreign currency reserves measured in U.S. dollars (fc) may influence the decision to

take on additipnal debt.

Due to the likely presence of an upward-sloping supply curve of loanable funds
(reflecting default risk rising with level of debt) it is likely that borrowers may not
acquire the optimal amount of new funds in the current year. Thus a lagged new
debt/GNP ratio will be included reflecting a partial adjustment mechanism.

i

After all substitutions are made, the debt demand function is

A* = F(AKA*, y; 62), 02,0, n, 1, fc, Ay g )

H

Imposing homogeneity of degree zero allows us\o write the demand for new debt h

P )

as | ' . ’ .
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where the'effects of 021 and 022 are now embedded in the error term.
As already noted in Chapter 2, the supply side of the international debt market has

- already been modelled in different ways quite exhaustivély. The presentation here will
be greatly simplified from previous papers. Generally we have

» +- 4+

N4

5 = ¢[i,r, EURO]

The quantity supplied of loans is an increasing function of the country specific
risk-inclusive real lending rate8!, a decreasing function of theropportunity cost of
lending, and an increasing function of the stock of eurocurrencies to lending banks. If
this supply curve were to be estimated, a vector of risk indicators could be substituted for

the interest rate i and could be any bf the variables summarized in Table 2.2.

S

The reduced form is found by first inverting the debt demand and supply funcnons

and then cquaung This gives the reduced form equation

& ?
A;(f _y| k% 1k pdro b AR
y y

which can be estimated in linear form using OLS. Its residual variance can then be
compared to the residual variance of the estimated savings function to test for portfolio

behavior across countries.

$ ‘ o
_/ e
v T .
I
:.ra‘

81 As discussed at length in Chaptene«Z this relationship may become negative at hngh lendmg rates due to
an unacceptable risk of dcfault. o
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4.5 OLS Estimates of the Reduced Form Debt Equation
7

OLS estimates of the reduced form debt cduations for all 15 countries appear
below in Table 4.3. Generally the results are no better than can be expected for a
difference equation. Due to the reduced form nature of the estimated equations, little can
be said about the interpretation of the coefficients. The fits shchd considerable
var{ation, from a high adjusted R2 of 0.6117 for Mexico to a low of -0.2681 for
Colombia with a fairly even distribution in between. The lagged dependent variable was
significant in only three cases, Bolivia, Panama, and Uruguay, indicating less than
immediaté adjustment to the desired flow of new debt. Rather perversely many of the
adjustment speed coefficients were negative although insignificant. It would appear that
even heavily borrowing LDCs are not constrained from achieving their desired level of

L

new borrowing.

The signs generally came out as expected except for the si gn of the lagged foreign
currency variable, which frequently was negative, although insignificant. This indicates
that an unexpected decrease in foreign currency reserves in the current year resulted in

. an increase in new debt inflows in the current year.
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_ Table 4.3
OLS Estimates of the Reduced Form Debt Equations
(1965-84)
" Country AD/Y),; FC (@Y) - N EURO R R2  DpwW
Bolivia 562 -001  .005  -041 001  -006 185 225

(-224)* (-1.39) (571)  (-.704) (1.83;} (-1.00)

Brazil ° 259 -1x10%  -001  -004 0001 00l 284 214
(658)  (-300) (-435) (-385)  (133) F(-254)

Chile 326 -5x107° -005 .150 0004 004 -.091 1.82
(997)  (-065) (-658)  (1.14)  (B819)  (543)

Colombia 068  -4x10-3 0004 .0001 .0001 -.001 -.268 2.06
(.182) - (-.601) (.081) (.015) (960) (-.702)

Costa Rica 11 .0001 -.006 -.002 \Q’.oom ©.001 .168 1.70
(.362) (424)  (-187) (-364)  (.548)  (.810)

Dominican 091 .0002 -.006 047 0002 001 283 225
(260)  (297) (-750) (129)  (828)  (244)

Ecuador 001 .0002 -.008 -041 . 0001 -.006 477 2.26
(003) (145) (-1.67) (-101)  (408) (-1.82) .

Guatemala - 56  -6x104 .003 -006  3x104  -.0003 587" 1.82
C O (1S3) (367 (35)* (152 (L11)  (-535)

Honduras 066 L0004 -.603 001 0002 003 412 2.03
(205) . (1.66) (-1.19) (304)  (231) (1.61)
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) Table 4.3 (cont.d)
OLS Estimates of the Reduced Form Debt Equations
- (1965-84)
.
Country AD/Y).; -FCyup (/Y) N EURO R R2 DW
Mexico 375 -0004  -.003 008 0004  -004 612 229 -
(996) (-3.94)*  (-296)  (360) (291)*  (-1.03)
, Panama 541 003 -.007 045 -001  -004 369 1.29
(4.03* (G21)*  (-215)  (1.89)  (-2.68)  (-1.41)
Paraguay * 325 -001  -002  -016 0002  -003 247 . 206
(-988)  (-445)  (-590)  (-1.06)  (1.24)  (-1.90) :
Peru -108  -0002  -005  .006 001 -004 . 275 2.17
(-393) (259  (-790)  (.160) (2.6Ty*  (-1.20) :
Uruguay ©o442 -002  -082 093 001  -.023 496 1.73
' @37 (247 (3A7)*  (1.26)  (1.34) (-2.26)*
Venezuela -.362 0002 -.003 156 -.0002 -011 .04 2.17

(-1.22) (.601)  (-.339) (499) - (-412) (-1.26)
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- 4.6 The Portfolio Risk Effect

Having estimated savings and debt functions for the 15 countries in the sample, we
can now take the ratios of their ;ﬁé\spective st;nda-rd errors and .compare these across
countries to theAran'os of new debt to savings. The model predicts that as the ratio of the
standard errors of savings to new debt increases we should observe an increase in the
new debt to savings ratio. If we plot these ratios across countries an upward sloping
relationship should be observed. Table 4.4 below computes these ratios and Figure 4.2

provides a scatter plot of the results.

It can be seen from Figure 4.2 that the relationship between the ratio of the savings
to new debt standard errors and the new debt - savings ratio is negative, the opposite of
what was expected (bands are 95% confidence limits). This perverse result was quite
robust to‘ different specifications of the investment, savings, and new debt functions.
The result certainly contradicts the predictidn of the dynamic model }n Chapter 3, that is,
that LDCs who are maximizing real consumiption will practice consumption smoothing
and consumption augmenting by substituting’ to the relatively less risky type of capital. |
However this result does not necessarily refuté, the appropriateness of the model as the
sample correlations between the residuals of the savings and new debt functions were
negative in 11 out of 15 cases. A negative correlation implies that savings and new debt
were not being influenced by the same type of shock, even though the two markets are
linked behaviorally in the model. An unexpected negative shock to savings will
increase the use of foreign debt in order to maintain current consumption even though
the variance of the unanticipated portion of new foreign debt may be larger. The
empirical results do not refute the predictions of the model, but do provide a result which

was not anticipated.

3
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Table 4.4 |
Summary of the Ratios of the Standard Errors of Savings to New Debt

and the New Debt to Savings Ratios

Country Ratio of Standard Errors (S/D) Ratio of New Debt to Savings
Bolivia 5.7739/.1008 = 57.28 0477 /.198 = 0.2409
Brazil 1.822/.0232=78.53 0202 /.193 =0.1047
Chile 2.722/.1112=24.48 0319/.112 = 0.2848
Colombia 1.206 / .0209 = 57.70 0118/.164 = 0.0720

\Cosm Rica

“="Dominican Republic
Ecuador
Guatemala
Honduras
Mexico
Panama
Paraguay
Peru
Uﬂguay

Venezuela

1.1738/ 0175 = 61.07
1.8478 / 0423 = 43.68
2.158 / 0598 =36.09
0.88999 / .0081 = 109.88
1.8346 / 0207 = 88.63
0.56805 /.0352 = 16.14

2.1617/.0378 = 57.19 .

2.6703 / 0285 =93.69
2.3197/ 0604 =38.41
1.9962/.1703 = 11.72

2.0597/.1831 =11.25

99

0118 /.108 = 0.1093
0303/.131 = 0.2313
0456/ .159 = 02870
0091 /.132 = 0.0690
0377/.118 = 0.3195
0255 /.198 = 0,1288
0525/ 216 = 0.2431
0222/.138 = 0.1610
0344 / 167 = 0.2060
0230/.101'= 0.2277
1411/ 321 = 0.4400
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Figure 4.2 \
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120 s

100 4

80 -
2
S 60.
w
7]

40 -

20 4

0 T T v T 7 Y T Y .‘] L3  § T T T T L 4
05 A 15 2 .25 3 .35 4 45
Debt/Savings

100



Duane Rockerbie .

4.7-Unit Roots and the Variance of Long Diﬁ‘erences

|

"The stoqhastic growth model developed in the previous chapter is driven by real
shocks to the economy. There real shocks took the form of an uncertain component of
both domestic and foreign investment. This method of introducing uncertainty into
dynamic model without money hég become standard in the literature (Kydland and
Prescott (T982), Long and Plosser (1983)). The purpose of this sectic;n is to point out
statistically the importance of real shocks in determining the time path of real income,
thereby giving some justification to the inclusion of the real investmént shocks which
drive the model of Chapter 3. Unii-rbot tests are performed on 15 developing countries
in order to measure the importance of real shocks in determining the short-run path of
real GNP. The results should not be taken as definitive evidence since these tests have

Pre

been refuted by many studies82.

A time series can be decomposed into a growth or trend component, a cyclical

<

component, a seasonal component, and a component reflecting random noise. The
seasonal component can be modelled adequately using seasonal indices and is not
usually a consideration in the measurement of aggregate consumption or income. The
trend component is assumed to reflect real factors such as capital accumulation,
population growth, and technological change. The cyclical component, on the other
hand, is assumed to be transitory with nominal factors, such as monetary policy, as the
prime determinants. Usually long term movements of the series are attributed to the
- trend component, while short term temporary fluctuations are attributed to the cyclical
.
component. Unfortunately cycles need not only be generated by stationary movements

about a long term trend®3. A random walk is also a stationary path which can exhibit
L] -

82 See Cochrane (1988) and Rappoport and Reichlin (1989).

83 Stationarity can be decomposed into strong and weak stationarity. If P(.) defines the joint density
function of a series x, strong stationarity implies that P(x1y, ..., xT) = P(x9, ..., xT41) and so on. Weak
stationarity implies the series x has finite second moments and the mean value of the series and its
correlation function are time invariant. i
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cyclical movement, but does not follow a deterministic trend. Obtaining the cyclical
component of a time series84 can be accomplished by regressing on a time trend in the
first instance (trend stationarity), or first differencing the series in the second instance
(random walk). Using the wrong detrending tcchnique can seriouﬂéily impare the estimate

of the variance of the series from trend85, g

The basic argument of this literature is that the measurement of the variance of a
time series from its trend value (if it has any trend) is used to capture the cyclical
component of the series. The magnitude of this variance is very sensitive to the type of
detrending procedure used, therefore a statistical method of determining whether a time
series is best described by a trend stationary process or a random walk process or a

mixture £f both is desirable.

The unit root test, popularized by Nelson and Plosser (1982), can test whether a
series is trend stationary or non-.stationary (random walk), but cannot detect if the series
is a combination of the two. Cochrane's (1988) variance of long differences test can
detect combinations and extreme cases, however it is biased. The unit root will be used

here.

To perform a unit root test one runs the regression

YU=H+pY]+ 1+ vy - (47.1)
where again y, is the natural log of the series and v, is a disturbance term ~N(0, GVZ).
To test for a random walk series one would want to test the joint hypothesisp =1, y = 0.

Unfortunately under this null hypothesis the usual t-ratios are not t-distributed, hence a

joint test cannot be performed using the usual F test. Dickey and Fuller (1981) provide

84 We shall follow the standard convention and ignore seasonal variation.
85 See Appendix B for a more rigorous discussion.
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tabulations for the distribution of the t-ratio for p for testing the null hypothesis p ='1

and the F -distribution for the joint tests (i, p, ) =(0, 1,0) and (1, p, ¥) = (1, 1, 0).
vThrough the use of a Monte Carlo study, Nelson and Plosser determine that the
. likelihood of incorrectly rejecting p = 1 when it is true is quite high. In addition the t-
ratio for the hypothesis ¥ = 0 is biased towards rejection, indicating a trend stationary
series.

.;\{‘

The test proposed by Cochrane (1988) allows for the possibility that the time series

is composed of both a trend stationary component and a random walk component. The

test is utter simplicity. If y, is a pure random walk then the variance, koez, of its k-

- differences.is increasing in the difference k. If y, is a trend stationary series then the
variance of its k-differences approaches a constant, 20y2 (in the case of k = 1, this
reduces to 2062 as already shown). If (1/k) 062 is plotted against its k differences, the

random walk model would show a horizontal line at the variance Gez. If the actual
relationship is trend stationary, the plot should decline eventually approaéhing zero. If

the time series is actually a combination of a trend stationary component and a random

walk component, the plot should decline initially and settle down to 062.

Results of the unit-root tests on real GNP of 15 developing countries are given in
Table 4.5 below. The null hypothesis under ¢, is a random walk process generatihg real

GNP, while the null hypothesis under ¢, is a random walk with drift. An asterisk
indicates a significant F statistic at 95% confidence using critical values obtained from

Dickey and Fuller (1981). The random walk was rejected in 6 out of 16 cases, however

the random walk with drift was never rejcéted. _These results suggest the importance of
real shocks in determining the path of real GNP. If real shocks dominate nominal shocks
to real GNP, the series will never return to a deterministic trend, as is suggested here.

The results indicate that first differences of real GNP should be used rather than
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Table 4.5
Results of Unit-Root Tests on Real GNP for

16 LDCs
Country R2 P 01 ®y
Argentina: 1912-84 9877 91711 4.19 2.13
Bolivia: 1945-84 9931 92438 1.68 2.26
Brazil: 1920-84 9964 98997 5.29* 4.40
Chile: 1940-84 9746 .58826 5.75* 4.66
Colombia: 1925-84 9994 99627 4.57 481
Costa Rica: 1945-84 9859 .83239 5.97* 2.47
Dominican: 1945-84 9950 - .95746 6.47* 2.90
Ecuador: 1940-84 9927 97137 4.23 2.88
Guatemala: 1945-84 .9969 91928 3.08 3.37
Honduras: 1925-84 9954 . 97024 4.34 3.09
Mexico: 1920-84 9946 99151 4.78 4.10
Panama: 1945-84 9934 90074 5.37* 4.06 .
Paraguay: 1940-84 9941 97317 2.64 2.31
Peru: 1945-84 9909 77605 5.38* 2.66
Uruguay: 1935-84 9751 73053 3.99 4.49

Venezuela: 1936-84 9975 91957 3.02 2.62

Notes: 1) R2 is adjusted for degrees of freedom.
2) @) and ¢, are the random walk and random walk with drift alternative h&pothdses respeclively.
3) ® indicates significant at the .05 level.
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regressing on a time trend.

Chapter 5: Summary and Conclusions

The purpose of this paper was to develop a dynamic model of LDC borrowing_
behavior which could rationalize the unprecedented build-up of debt (in real terms) in
the last 20 years or so as a result of optimizing behavior. This required a risk averse
borrower borrowing foreign and domestic capital subjeeted to stochastic productivity
shocks. The lender's behavior was given by an exogenous upward sloping supply
schedule (Chapter 2 notes several treatments of a lender's decision). Unlike previous
‘dynamic and non-dynamic models of debt behavior, the decision to take on additional
debt is endogenous to the decision to consume (and thus save) giving different results
than a model treating debt demand as a purely residual demand which can always be
* satisfied. In this sénse, the large accumulation of real debt during the 1970's and 1980's
by troubled LDCs could have been the result of an optimizing process to smgotheﬁ
consumption over time by transferring future income to today using sovereién debt. The
model suggests that LDCs were nbt irresponsible borrowers, a common explanation.
The model also suggests that to avoid outright default of existing debt, lenders should
extend further credit as prudently necessary during periods of high uncertainty in

borrowing countries.

The empirical results lend support te the predictions of the theoretical model, but
are not the results anticipated. Rather than explaining the rapid accumulation of foreign
debt during the last 20 years as the‘result of new foreign debt being relatively less risky
than domestic savings, the results suggest that it is likely that unexpected negative
shocks to domestic savings forced LDCs to borrow internationally in order to maintain
domestic consumption, regardless of which type of asset is relatively more risky. This

could help explain why troubled LDCs continued to borrow funds when conditions in
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international capital markets ‘became particulérly turbulent and unpredictabie.

. . w

The unit-root tests on real GNP over a longer sarﬁple period suggest the importance .
of real shocks in determirning the time path of real GNP, and thus perhaps its.
components. For all 15 countries, real GNP does not tend to return to a constant trend
line following a shock, suggesting that real shocks (such as those modelled in Chapter 3)
dominated nominal shocks for the sample: periods. Nelson and Pldéscr (1982) see this
result as justification for the use of dynamic stochastic models utilizing real productivity

shocks, although this conclusion may be too strong.

Since the statistical results hinge critically on the cconométric treatment of
expectations of future variables which affect investment, savings, and new debt, one can
* easily criticizekthe adaptivc approach to expectétions used in Chapter 4. However the
ment of this approach is its small demand c;n data requirements. A‘ much more complex
method is the Generalize;i Method ot} Moments (GMM) estimation technique first
espoused by McCallum (1976) in a relatively simple wéy, and later expanded by Hansen
and Sargent (1980) and others in a relatively complicated process. Basically the method
involves invoking a rational expectation on each of the exogenous variables of the form
Ei 11X =X + v where v is ~N(0, ozvj. Instrumental variables are formed by regressing
each exogenous variable on all the other exogenous variables in the system86 and then
estimating the investment function using only actual values for the endogenous variables
and the instruments. This technique involves extensive data requirements a;md is subject
to large error if the actual variables used in forming the rational expectation of each
exogenous variable are not the same as the variables used in estimation. Fair (1980, p.
20-22) notes that many time series data cannot distinguish between a model invoking ‘

rational expectations using the GMM technique and an adaptive expectation model87.

86 In this way the investment function is thought of as only one equation in a system of equations. Sims
(1980) advocates the use of vector autoregressions where each variable is regressed on its own lagged
values and the lagged values of other variables. Again the data requirements are prohibitive for LDCs.

87 The difference can be detected in the behavior of the error term, however this difference is very subtle.
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This problem is compounded by the usual ad hoc way in which exogenous variables are
chosen. If thc‘ theoretical model suggests the inclusion of certain €xogenous variables
then the GMM technique can be a very useful wayito handle expectations. However in
'practiéc Fair notes that 'many models are not explicit about this, and so "extra"

modelling or theorizing is needed at this point' 88,

88 Fair (1980) p. 20.
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Appendix A

&

The derivation of equation (3.2.9) is not difficult and is necessary to understand the
stochastic optimal control method. Consider the following stochastic optimal control

problem

T
J =MAXE f(tx,u)d
(ox) =M/ [ j; (txn) t}

s.t dx =g(tx,u)dt +0oxdz e}

where x is the state variable, u is the control variable, ¢ .is the diffusion coefficient, g is
the constraint function, and f is the function to be maximized. The f function is to be

maximized from time t) to T. Begin by breaking up the integral in (1).

0+At T '
Jtoxg = MAXE |: f f(tx,u)dt + f(t,x,u)dt] ()]
u 0 O+AL ‘

where At is taken to be very small and positive. Equation (2) can be rewritten as

*

| O+AL
Jtgxg) = MAXE [ f f(Lx,u)dt + JQO+AL, x(HAx)] 0
s o .‘

The bracketed term is the return from t( to tg+At plus the maximized return from

continuing from t+At onwards. Both terms are affected by the control u(t).

Equation (3) can be approximated by changing the first integral to the height of the

curve at the lower limit of inlc.gration times the width of the interval, f(tg,xQ,u) At. Since
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At is very small we assume the control is constant over this integral.- The approximation

gives

J(t%) = MAXE [ f(tx,u)dt + JE+AL x+Ax) | @)
u

Using Taylor's theorem e'xpand the RHS of (4) around (t,x).

Y
/
H

J(+AL x+AX) = J(1,0) + JiLIOAL + T AX + 172 Ty ()(AX)2 +

1/2 Ty ()An2 + ho.t. )
The Wiener process is characterized by the following multiplication .89

Idzidtl
LS  dzIidil0 !
10101

>

Simplifying equation (5) from the mljltiplication table and recognizing that

- Ax = gAt + oxAz
(Ax)2 = g2(A1)2 + 02)(2(Az)2 +2gO0AtAX = o2x2At |
. % o

and substituting into (4) gives ‘ o . " | L. T
. -
B

J(t, x) = MAXE fA[+J+JA[+ngA[+Jx0Az+_2_J“x o At +ho.t | ©) -

u . " .

<

Take the expectation of (6), subtract J from each side, and divide by At to give .

LS

& -
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2
J= MAXE[H Ig j—%—]xxx20 ]

u

This is the so-called Hamilton-Jacobi equation.

®
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Appéndix B’
Suppose we have a time series y; whose true form is trend stationary, such as%0
) -

yi=0+ Bt+e ' \ 4.1
where o and B are fixed coefficients and e is a random disturbance which is ~N(0, Gcz).

The long term forecast of y is the mean o + Bt, thus past and present disturbance do not
alter the future expectation of y. If the stationary trend process described in (4.1)

accurately describes the series, the measure we are looking for is the variance of the

deviations from trend, 62. If we naively take first differences of y; we get

N

Yi- Y1 =(o+ Bt+e) - (o + P(t-1) +ep 1) =P+ (er-epq) 4.2)
The variance of the disturbance term in (4.2) is given by 2°e2’ an overestimate of
the variance of the series about trend?!. Alternatively consider the case where the true
( o \
process describing y is given by a random walk with drift, such as

Yt =H+Ye1+uyg @43)

where u; is a random disturbance which is ~N(0, cuz). To note the difference between

a random walk series and a trend stationary series write (4.3) k periods forward.

Yerk = Ve H KR+ U] $ U2 + o+ Uk

90 Since most time series exhibit an increasing mean and variance with the age of the series, all variables
are in natural log form.

91 Assuming that o2 is constant over time and cov(eg, €.1)=0. \
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Disturbances to a random walk process are permanent in the sense that past
disturbances affect future expectations of y. For instance ifw 41 = 1, the expectation of
the series increases by one unit into the future. If the true behavior of the series is
represented by (4.3), regressing y on a linear time trend yields an erroneous estimate of

the variance of the series about trend. The variance of the random walk series is given

by kth. Performing the regression gives

-t ot
St-d@-y  2e-du,
B = j=0 j=0

t = t
Y- -0
- .

=0

As the random walk process continues over time we can take the expected value of

1

B by evaluating the limit
IimpB =0
{=>o0

since the denominator of the expression for B increases without iimit in t. The

corresponding term for the intercept a is given by

The variance of the disturbance term in the regression equation can be found by
finding the variance of the forecasting error if the predicted value of y is made using the

trend regression equation.
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L ~ 2 { _ 2 2
X0iy) = 2O =09,
j=1 j=1

If a linear time trend is fitted to a random walk process, the variance of the .
disturbance term is given by oyz, even though the true variance of the deviations from

trend is kouz. The former variance is bounded, while the latter variance increases

without bound as the series progresses through time. The following table summarizes

the results.

Table 4.1

Possible Estimates of the Variance of the Series Fom Trend

True Description

Detrendin
Procedurcg Trend Stationary Random Walk
Linear Time Trend Ce y
2 2
First Differencing 20, ko,
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Appendix C
Risk Spreads over LIBOR (%)

Country 1978 1979 1980 1981 1982 1983 1984
Algeria 1.5006 1.13 894 .56 .56 59 874
Argentina 1.5003 765 637 8 117 175 1625
Australia 75 625 612 .47 65 .59 13
Austria . . . 38 38 38 375
Belgium . 438 439 45 45 47 S5
Bolivia 14279 1.375 . 222 .. .
Brazil 1.7 9 861 205 212 211 1713
Canada 3732 15 553 44 34 . .
Chile 1.8635 .873 875 .7 133 2125 20
China 1.3064 S5 666 .93 . . .
Colombia 1.0 .841 733 .66 6 141  1.625
CostaRica 10736 913 932 - . .
Cyprus 10 10 25 .73 .69 . 375
Denmark 7758 57 51 47 . 41 58 5
Ecuador 11964 936 15 1 33 . .
Finland 875 625 315 33 41 34 .
France 6648 449 461 38 41 47 5
Gabon 225 1821 15 .20 .
Greece 6643 528  .6l4 .47 S5 65  .625
Hungary 727 606 7S .63 122 . 1.098
Iceland 125  .625 5 .53 46 61 375

India 1.569 .67 53 .38 48 Sl .
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Country 1978 1979 1980 1981 1982 1983 1984

Indonesia 1375 679 625 .51 38 49 707
Ireland 75 625 555 .43 43 .57 .
Ttaly 11042 644 599 56 6 .59 .
IvoryCoast ~ 17705 1635 1534 142 149 10 10
Jamaica 2 875 . 212 25 15 . .
Korea 1.25 718 61 .64 ©.52 72 5
Malaysia 7813 563 .5 39 38 5 487
Mauritius 1.625 1.646 . . 1.5 . 1.5
Mexico © 175 756 653 62 107 225 15
Morocco 10856 963 1.0 1.06 103 126 .875
New Zealand 625 379 375 32 26 25
Niger ' . « 1625 1:25 147 . .
Nigeria 10 1028 1067 .88 99 83 875
Norway 625 568 375 .54 79 76 185
Pakistan 225 1996 1659 .88 .71 88 875
Panama 14708 878 125 125 141 20 .
Papua 1.375 15 « .58 58 .72 .
Peru .« 1398 1419 105 10 225 175
Phillipines 1896 815 .89 .83 76 ‘ .
Poland 1375 1.046 15 . . .
Portugal 10377 882 75 .55 .51 .73 875
Romania 1.0 761 642 72 . . .
S. Africa . . 965 76 19 . 625
Spain 875 783 698 .54 48 .69 529
" Sweden 625 479 48 44 41 49 9265
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Country - 1978 1979 1980 1981 1982 1983 1984
Thailand 9265 727 804 59 42 38 23
Trin./Tob. 1.06 v 625 75 .75 1 15
Tunisia 9762 831 621 5 % 145 875
UK. 625 5 718 31 . . .
Uruguay - 1.25 984 1 93 87 . .
Venezuela 7321 673 712 57 .83 185 1.875

Yugoslavia 1.7256 .899 1.125 122 1.33 e 1.625

Notes: All percentages are annual weighted averages with weights given by the magnitude of the
individual loan transactions in addition to the number of years to maturity of each loan. The formula used
(which is now used in Euromoney) is .

3] amount x spread(%) x maturity(years |
weighted spread (%) = >

: %‘_[amoum X mannity(yws):l

All raw statistics were taken from various issues of Euromoney over the period 1978-84.
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