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Abstract

We consider a scheme that gears service on concessional debt to changes in a
country specific terms of trade index. Each country’s index comprises the world
prices of the same set of major commodity prices weighted by their importance in
GDP for the specific country. The scheme operates by accelerating and retarding
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service in years when their terms of trade are unfavorable, but at the expense of
advancing them in years in which they are more favorable. We analyze the
effectiveness of the scheme using Monte Carlo debt service simulations for 31 low
income countries. Results show that modifications of this sort appear feasible and
increase the flexibility of low income primary producing countries without posing
substantial costs or risks to the lender. Only countries heavily dependent on primary
commodity exports or imports of major commodities (energy sources and grains)
are likely to qualify for use of this instrument. A price instrument of this sort allows
for a timely intervention in the event of a terms of trade shock and avoids moral
hazard.
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1 Introduction

Primary commodity markets are always volatile. In the non-oil sector, this volatility is
compounded by a secular tendency for prices to decline. Low prices, associated with chronic
excess supply resulting from over-investment, tend to be highly persistent. Many Low
Incomes Countries (LICs) have borne the brunt of all three effects over the past two decades.
Adverse terms-of-trade movements have significant adverse effects on LIC economic
performance. They directly reduce real income and the resources available for investment and
consumption (IMF 2003). Adverse developments in a country’s terms of trade negatively
affect economic growth (Collier and Dehn 2001; Chauvet and Guillaumont 2001; Combes
and Guillaumont 2002). Furthermore, adverse terms of trade shocks have been cited as a
major contributing factor to the buildup of debt in many LICs (Brooks et al. 1998; IMF
2003).

The risk of debt distress in these countries primarily increases not so much as the result of
increases in the debt burden itself, but due to a deterioration in capacity to pay. While debt
levels in low income countries are fairly stable, these countries experience high volatility in
exports (Cashin and McDermott 2002; Easterly 2003; Gilbert 2004; Dehn 2004). Because
schemes to smooth export earnings have, in general, proved unattractive, unsuccessful or
financially unviable', “unsmoothing” concessional debt service can be a viable alternative
(World Bank 2003). Attempts on the part of the international financial community to relieve
these countries of their debt burdens by means of continuous restructurings and debt relief
have seen only limited success — see Sun (2004). This raises the question of whether changes
in the repayment structure might both provide ex ante insurance and increase countries’
flexibility in meeting their debt service operations, and, in doing so, promote enhanced risk

sharing between LICs and the international community.

There has recently been a number of attempts to design schemes using real indexation of
concessional lending. Three modes of operation have been considered recently by the World

Bank (see World Bank 2005):

' Price stabilization and compensatory finance have been used to smooth export revenues.
International commodity agreements, which set out to stabilize prices, are discussed in Gilbert (1987,
1996). Compensatory financing schemes (including the EU Stabex and Flex programs, and the IMF
Compensatory Finance Facility) are reviewed in Tabova (2005).



e Moving concessional lending from a dollar to an indexed local currency basis — see
Hausmann and Rigobon (2003), and Vostroknutova and Yi (2005). This would
protect LICs against adverse movements in their real exchange rates.

e Gearing repayments on concessional loans to countries’ growth rates — see Tabova
(2004) and Vostroknutova (2005). This procedure would directly link repayments to
ability to repay.

e Linking repayments to countries’ terms of trade defined in germs of the world prices
of the goods they export and import — see Gilbert and Tabova (2004).

Despite their different formulations, these three sets of proposals have much in common. For
example, an adverse terms of trade shock is likely to worsen a country’s real exchange rate
and result in a slower rate of growth — see Cashin et al. (2003, 2004). The major differences
between the schemes relate to the extent to which the selected criterion correlates with ability
to pay, the extent to which it is inclusive across countries, the timeliness of the assistance and

the incentives (in relation to participation, policy and reporting) that the scheme generates.

Our focus is solely on the third of these groups of schemes, in which LIC debt service is
geared to countries’ terms of trade. The objectives of the schemes we investigate are to
reduce the extent that terms of trade shocks imperil debt sustainability with the aim that they
impose as light a constraint as possible on countries’ economic growth. The repayment
capacity of primary producing countries with low incomes is highly sensitive to adverse
movements in the international prices of the commodities they export. Many countries are
also highly sensitive to the prices of the major commodities they import, typically energy and

grains.

A number of HIPCs which have reached the HIPC “completion point”” have found that,
despite the agreed debt reductions, their debt levels remain unsustainable, either because of
falls in the prices of their commodity exports or because of higher oil import prices. A 2002

IMF-World Bank review reportedly concluded that one of the two main causes of

? The HIPC initiative envisages countries progressing from a “decision point” to a “completion point”.
At the decision point, creditors commit on sufficient debt relief to leave the remaining debt
sustainable, relative to the information available at that time. Movement from the decision point to the
completion point, when the agreed debt reduction takes place, is conditional on the country
establishing a track record by implementing poverty reduction and other policies to which they
committed at the decision point.

See http://www.worldbank.org/hipc/about/flowchrt4.pdf




deterioration of debt indicators for HIPC countries in 2001 was “lower export earnings owing
mainly to declining commodity prices”. Lower average exports accounted for over 50% of
the deterioration of the HIPC debt service indicators and export prices declined by an average
of 4.8% for HIPC countries which experienced a deterioration in debt indicators against only
1.1% for those which did not (IMF and IDA, 2002, pp. 24-7). We draw two conclusions from
these observations. The first is that terms of trade shocks are indeed important in determining
the capacity of a low income country to service its debt. The second is that sustainability is
impaired by prolonged or severe adverse movements in the terms of trade as much as to their

level — here we are primarily concerned with vulnerability to bad outcomes.

We look at terms of trade defined as the world prices of country-specific baskets of
standardized commodities exported and imported. This has two advantages. First, no LIC has
any significant market power and so there are no moral hazard problems of the sort which
arise when governments have some control over a variable which determines debt service
payments. Second, world prices are known without any lag and a scheme based on such
prices is able to moderate debt payments in a timely manner. There are also possible
disadvantages. First, because of transport costs and grade differentials, the prices at which a
country exports or imports may only be moderately well correlated with the international
price of the commodities in question — see Gilbert and Tabova (2004). Second, quantity
variation may be as important a determinant of a country’s export revenue variability as price
variation — see Lim (1987, 1001) and Gilbert and Tabova (2004). Third, reliance on a terms
of trade trigger limits applicability of the scheme to countries with high commodity
concentration in exports and imports. In the final connection, we note that commodity
concentration tends to be a function of the level of development and size, and so effectively

all except the largest LICs will tend to qualify under a scheme of this sort.

Commodity prices have exhibited a downward trend relative to the prices of manufactures,
and more recently also in nominal terms, for at least a century and probably longer (Grilli and
Yang, 1988). However, the pace of this fall varies from commodity to commodity, and, even
more markedly, from one decade to another (Gilbert, 2004). This negative trend is generally
regarded as resulting from the effects of productivity-enhancing technical change in
production and intermediation processes, which, in the case of manufactures, is partly
reflected in higher product quality and specifications (Lipsey, 1994). It seems likely that most

primary prices will continue to fall relative to manufactures prices, but there is no reliable



means of knowing by how much and which commodities, if any, will be exceptions to this

pattern.

This variable trend poses problems for any attempt to link debt service payments to
commodity prices. Adjustment of a country’s debt service in relation to secularly declining
terms of trade would amount to a substantial element of debt relief instead, as intended in the
schemes we discuss, of an altered time pattern to facilitate eventual full repayment. It would
also reduce incentives for the country to diversify into higher value activities. For these
reasons, we look at schemes which moderate debt service payments in relation to variations

in countries’ terms of trade around trend and not to the trend itself.

Any scheme must necessarily have three components:

a) an index, the value of which will trigger either an upward or a downward adjustment
of debt service in the year in question, or an option for the government of the indebted
country to make such an adjustment;

b) a formula which translates values of the index into revised debt service payments in
the circumstances that such adjustments are triggered;

c) an arrangement by which the lender is compensated for the resulting repayment

variability.

We discuss each of these in turn. Section 2 looks at the definition of the index. Section 3
looks at the design of schemes aimed at using debt service to moderate the impact of
commodity price shocks. Section 4 describes the simulation methodology and the design of
the scheme we test. Section 5 reports the results. Section 6 looks briefly at financing issues,
and section 7 concludes. The appendix shows how changes in the terms of trade index relate

to development objectives.



2 The Index

The objective is to define a country-specific index which is comparable across low income
countries so that, based on the value of their indices, all debtor countries would be treated in
an identical manner and which is directly interpretable in terms of other economic variables.
A country’s terms of trade may be measured in either of two ways:

e the ratio of the country’s export unit values to its import units values;

e an index of the world prices of the goods the country exports and those it imports.
Unit values depend on accurate export and import data and are published with a considerable
lag. Because there may be a suspicion that national statistical offices are not entirely free of
government influence, there may be a concern that reported unit values misrepresent actual
prices in a direction favorable to governments. Use of world prices avoids these two

problems.

It is necessary to decide what prices to include in the terms of trade indices. We confine
attention to commodities with clear and well-defined world prices. The list of candidate

commodities is as follows:

agricultural exports: cocoa, coffee (distinguishing between arabica and robusta),
cotton, maize, rice, rubber, soybeans, sugar, tea, wheat;

e cnergy exports: coal, crude oil, natural gas;

e metal exports: bauxite, copper, gold, lead, nickel, silver, tin, zinc;3

e grain imports: maize, rice and wheat;

e energy imports: coal, crude oil, natural gas.
The requirement that there be a clear world price forces the omission of many minor
commodities, but also a number of important commodities, in particular iron ore and oils. For

reasons we explain below, metals are omitted from the index which we eventually adopt.

In defining the index, we need to make decisions on three issues:
a) the structure of the index,
b) the choice of weights, and

c¢) the timing of the prices which enter the index.

’ Metals exports are measured as the value of the metal content of mine production, it is being
assumed that consumption is negligible.



Consider the structure question first. Suppose that a total of m export commodities is
distinguished. Let P, be the world price of the ith commodity in year ¢. Let P, be the base

price which may either be a single average price over the past or a moving average of past

. = 1 & .
prices, e.g. P, =— z P_. In what follows, we set n = 4. We can then define the deviations
n

s=t—n—1

it

P . .
Inp, =In (f] from the (four year) moving average. The proposed export price index for

it

country j is Ing;, = ZWW In p, where wj; is the country-j weight of commodity i in year z.
i=1

We turn now to the weights wi;.. These are chosen to reflect:

e the relative importance of different commodities in country j’s exports, and

e the importance of exports for the country.
The first of these criteria is unexceptionable, but it is important to be aware that export shares
evolve markedly over time as countries diversify into new products or as older industries
decline. The second criterion is required in order that the impact of price movements should
be the same across countries with different export shares — the impact of a fall in the price of
a major commodity will depend not only on the country’s export concentration but also on
the share of exports in national income. For these reasons we base the weights on the value
share of each export in the country’s national income. However, in order to reflect the
evolution of these value shares over time, we take a moving average of past value shares (we
use the previous four years for symmetry with the price moving average). The index is easily
extended to import commodities by letting wj;; be the pseudo-share obtained as minus (the
same moving average of) the ratio of imports of these commodities to national income. The
negative sign reflects the fact that rises in import prices contribute to a deterioration of the

country’s terms of trade.

Finally, there is the issue of timing. Depending on contracting arrangements, world prices
will affect a country’s import and export prices either immediately or with a delay of up to
one year. Many commodities are bought and sold on a forward basis, and, to that extent,
prices received or paid will relate to world prices at the contracting rather than the delivery

date. It is difficult to know how important are these arrangements on an a priori basis. We



therefore decide whether or not to lag prices on the basis of regressions to be discussed
below.
The index concept we use is close to that of a Deaton-Miller index (Deaton and Miller, 1995;

Dehn, 2004). However, it differs from standard Deaton-Miller indices in that the sum of a

particular country’s weights w;, = ZWW, equal to the commodity share in the country’s
i=1

national income, will be less than unity, and for many countries considerably less than unity.
The value of the index may be interpreted as the percentage gain or loss in national income
resulting from a change in the country’s export or import prices, relative to their recent
moving average, if in the absence of any change in export or import quantities. Since
production and consumption will respond to price changes, the index over-estimates the
actual gain in the same way that Laspeyres consumer price indices overestimate changes in

the cost of living.

We have data on 67 LICs from 1970 to 2001, but for many of these countries the data are
insufficient to allow us to calculate index values. There is a number of reasons for this:
e Some countries, in particular in central Asia, only became independent nations in the
nineteen nineties.
e Other countries lack reliable national income data — this is particularly true of
countries which have seen major civil conflict.
This leaves 37 countries for which we have complete index data over the period 1983-2001

and a further 19 for which we have partial information.

In relation to timing, we choose whether or not to lag prices in the index on the basis of a
preliminary growth regression. We define separate indices for agricultural export prices Ing™,
metals prices Ing™, energy export prices Ing®, energy import prices Ing“" and grains import
prices Ing®". The overall index is the sum of the three export sub-indices less the sum of the
two import sub-indices. Preliminary (pooled OLS) regressions (reported in the appendix)
indicate that:

e agricultural export and energy import prices affect growth with a one year lag;

e energy export prices and grains import prices affect growth contemporaneously and

with one year lag;

o the effects of energy import prices are poorly defined,



e metals export prices always enter incorrectly signed.
e only energy export prices have much statistical significance.
Based on these results, we define a modified index with weights as specified in Table 1.

Table 1
Index Composition and Lag Structure

Current Year | Previous Year
Ingax 0 1
Ingm« 0 0
Ingex 0.5 0.5
Ingem 1 0
Ingem 0.5 0.5

The table reports the weights of the
current and previous year’s prices in the
terms of trade indices.

It is easy to think of reasons why metals export might give rise to discrepant results, although
it is unclear to what extent this is simply ex post rationalization. The vast majority of mining
(in terms of output) is under the control of quoted mining companies. Further, employment is
on a salaried basis. This contrasts with agricultural commodities which, in developing
countries, are typically produced either by smallholders or larger domestically owned and
controlled farming enterprises. But by contrast with the energy sector, mining rents are not so
large as to offer many governments large royalty incomes. We therefore conjecture that the
primary impact of changes in metals prices is on the profits of the mining companies and not
on either producer incomes or governmental revenues. In what follows, we exclude metals

exports from the commodity price index.

Table 2 gives summary statistics for the index values for these countries ranked by
variability, using the index as modified above. Focusing on those countries for which we
have data over the complete sample 1983-2001, an oil exporter, the Republic of Congo
exhibits the greatest variability. It is followed by Guyana, whose exports are dominated by
bauxite (excluded from the index) sugar and rice; and Sao Tome and Principe and Cote
d’Ivoire, whose exports are dominated by cocoa. These three countries also show high
dependence on imported oil and grains. Figure 3 graphs the index values for these four

countries over the period 1982-2001.

The more diversified Asian economies, such as Bangladesh, Lao PDR, and Nepal, tend to be

close to the bottom of the table, although Sri Lanka has experienced significant variability



and is in the upper half of the volatility ranking. Figure 4 charts the evolution of the index for
these four countries. A remarkable feature of Figure 4 is the decline in index volatility since
around 1990, perhaps reflecting increased diversification and reduced commodity
dependence. Figure 5 looks at four African agricultural exporters (Burundi, Ghana, Kenya
and Uganda). Here, there is no evidence of volatility decline. Furthermore, the four lines
move closely together reflecting the importance of both coffee exports and oil imports for
these economies. Finally, Figure 6 shows the index values for three Latin American and
Caribbean countries (Haiti, Honduras and Nicaragua). The coffee cycle is again evident for

Honduras and Nicaragua.

3 Moderating Concessional Lending

3.1 Principles and mechanics

A particular concessional loan will define a set of scheduled payments S, over a time period

t=1, ..., T". Some of these repayments (those falling due in the grace period) may be zero.

Define the total amount due to be repaid (the scheduled “debt”) at date 7 on the basis of the

-
scheduled payments as D, = Z S} . The proposed scheme would substitute a set of revised

J=t+l1
payments S;, t =1, ..., T, where T is the revised debt horizon. Extension or shortening of the
horizon from 7" to T is intended to facilitate full repayment for the countries that have
accumulated arrears at the end of the period and to avoid over-payment once the debt has

been fully repaid. In the long term the scheme would be neutral for the lender in the sense

T 7’
that all scheduled repayments will eventually be made, i.e. D, = > S, =>'S, =D, .*

J= =

Define X, =S, - S,, the difference between the scheduled and actual payments in period .

We can think of this payment, if positive, as being postponed and would count towards the
debt service balance at the country’s account with the lending institution; and if negative as

being used to accelerate the repayment of the loan and would reduce the concessionality of

* An alternative would be to insist on neutrality in terms of the net present value of flows, i.e.

T S, 7 *
N, = : = ! — =N, . The two expressions become equivalent at a zero interest rate.
= (l+r) = (l+r)




the loan in the sense that it would be repaid earlier than scheduled (shortening the maturity of

the concessional loan).

The most simple type of scheme defines a number of alternative payment regimes. In the
simple three regime case, a particular period # may be classified as either normal N, adverse 4
or propitious P. This classification is made on the basis of a previously agreed criterion
reflecting the country’s terms of trade. An adverse period is one in which, on the basis of this
criterion, the country would be expected to find it difficult or costly to make available the
foreign exchange to meet the scheduled debt payment. Adverse periods would allow the
country to qualify for postponement of payments. A propitious period is one in which, on the
basis of the same criterion, there would be more than sufficient availability of foreign

exchange for this purpose. In a propitious period, the country repays a higher debt service,

and in a normal period, the country would make scheduled repayments, i.e. S, =S so
that X, = 0. The use of a normal period in the scheme (defined within a band) is based on the

principle that any scheme should aim to cope only with exceptional and not normal price
movements, either because large shocks to prices have disproportionate effects (Collier and

Gunning, 1996; Dehn, 2004) or simply to limit activity.
3.2 Interventions

The interventions are uniform across countries and are set in a way that avoids over-payment
of debt obligations, i.e. no country can repay more than its initial debt stock. Arrears at the

end of 25 years are therefore constrained to be non-negative.

The scheme is defined by a double band and set of factors which modulate concessionary
debt service in relation to the terms of trade index relative to the band. The central zone
leaves debt service unaffected. This structure gives rise to four triggers determining when
relief is due and when extra payments are required. The bands need not be symmetric. We set
a double band, so that a Q« (Q*) corresponds to a negative (positive) shock, and Q«« (Q**)

corresponds to a large shock.
The period definitions (normal = N, adverse = A, and propitious = P), discussed in the

previous section are tuned to reflect different shock magnitudes as follows: The adverse

period in divided into a period with a negative shock A, and a period with a large negative

10



shock A". Similarly, a propitious period P correspond to a positive shock, while P~ defines a
period with a large positive shock. We set three ratios @ (2> ¢ >6), 6 (¢=>6 >1)and A (1 >
A >0) that determine how much debt service is relieved or how much extra debt service is
required in each case. Table 3 summarizes this structure. This structure satisfies the two

objectives of ensuring a reasonable cost to the lender whilst offering debtor countries greater

flexibility.
Table 3
Scheme Structure
Period Index Value Debt Service Multiple

P’ Ing > Q** o 2>9>0)

P Q™ > Ing > Q" 0 (=26 =>1)

N Q*>1Ing > Q- 1

A Qx >1Ing > Qux A(1=2120)

A’ Qs> Ing 0
The table defines the modified debt service payment (column 3)
in terms of the value of the terms of trade index (column 2). See
text for explanation.

In the simulation experiments reported in section 5, we need to adopt particular values for
these parameters. There is neither universal agreement on what constitutes a “shock” nor any
accepted measure of shock severity. This reflects difficulties in measuring the impact of these
events on the wider economy. Here we are concerned about the impact of the shock and not
the size of the shock itself. Our historic data shows that the average reduction in GDP is
1.7%, and the median is 0.8%. The IMF defines a 0.5% GDP shock as large.” Our bands are
defined asymmetrically around 0.5% and 2%. The choice of asymmetric bands arises out of a
wish to avoid too high a repayment rate in good years, but at the same time satisfying the
requirement that arrears should not become too high. The former requirement implies
relatively low values for ¢ and 0, while the latter requires that the bands be tighter in

propitious periods than in adverse periods.

We have explored the implications of a number of different parameter choices — see Table 7.

In what follows we concentrate on the results from one particular scheme that gives

> The IMF classifies a disaster as large if it caused direct damage of at least 0.5 percent of GDP. IMF
estimates show that for developing countries between 1981 and 2000, negative price shocks led to an
average to a direct loss of income of 3.5 percent of GDP (IMF 2003). Further, Collier and Dehn
(2001) show that the direct income loss from negative export price shocks averaged 6.8 percent of
GDP in the year of the shock.
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considerable benefits to the borrowing countries without imposing a substantial cost to the

lending institution. Table 4 reproduces Table 3 but gives the particular parameter settings.

Table 4
Parameters used in the Simulations
Period Index Value Debt Service Multiple

P’ Ing > 1% 150%

P 1% > Ing > 0.5% 125%

N 0.5% >1ng > - 1.25% 100%

A -1.25% >1ng > -2.5% 50%

A’ -2.5%> Ing 0%
The table gives the parameter values adopted in the principal
simulations reported in section 5.

3.3 Evaluation Criteria

An important issue is how potential schemes should be evaluated. The Enhanced HIPC
Initiative attempts to reduce a country’s indebtedness to ensure that the remainder of its debt
is sustainable in relation to likely future growth — see Kraay and Nehru (2003). That
judgment is based on a number of indicators, of which the principal are the flow ratio of debt
service to either export revenues or GDP and the ratio of the debt stock, evaluated as the NPV
of future flows, to GDP. We look primarily at the ratio of debt service to export revenues

since this tends to be more variable over time than the ratio to GDP.

An important criticism of current official discussions of debt sustainability, including that if
Kraay and Nehru (2003), is that they give too much focus to expected (i.e. most likely)
outcomes, while sustainability is much about limiting vulnerability to bad outcomes. This
suggests that sustainability should be analyzed in terms of limiting the likelihood of countries
facing very high ratios of debt service to exports or GDP as much as to the expected level of
these ratios. The result is to move the sustainability debate into a Value at Risk (VaR)

framework — see Jorion (1997).

The VaR approach implies that we are interested in the right tail of the ratio of debt service
payments to export revenues — as in VaR calculations. We can operationalize this in either of
two ways:

e in terms of the proportion of years in which the ratio will exceed a predefined level; or

12



e in terms of the debt service to exports ratio corresponding to 95% or 99% probability,
i.e. which will only be exceeded in 5% or 1% of years.

In section 5, where we discuss the results of the interventions, we adopt both measures.

4 Simulation methodology

We have performed Monte Carlo simulations over a 25-year period for a scheme of the form
outlined above using a set of 31 countries. This group of countries was selected from the set
of all IDA-eligible countries for which a terms of trade index could be constructed, and which
in addition publish statistics on GDP, total exports and imports, with at most a few gaps,
which allow calculation of the required variables in the stochastic simulation. The
simulations all commence from 2002, the first year beyond the estimation sample, and extend

to 2026.

4.1 Model Structure

Simulation of the future requires a model to generate GDP, exports and energy and grains
imports. The model is required, not so much to generate forecasts, but to ensure consistency
of the different variables (commodity prices, exports, GDP levels, etc.) in the model, and in

particular, to generate the shocks which drive the stochastic simulations.

The model is designed to capture possible effects of changes in the terms of trade on
economic performance and hence on debt service to exports and to GDP ratios. We
distinguish between the direct and indirect effects of terms of trade variability.

e Direct effects: high export prices and low import prices make governments and
commodity producers better off allowing higher real consumption and greater
investment, and make consumers worse off in a symmetric manner.

e Indirect effects: these come through greater availability of foreign exchange easing
funding pressures on governments and firms.

This is illustrated in Figure 1. The distinction between the direct and indirect effects is
important because the introduction of flexibility into debt service acts through the second,

indirect, route.

13
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Figure 1: The Impact of Commodity Price Variability

We investigate the indirect link in two stages. We first show how variations in the index
translate into what we call free foreign exchange, and then investigate whether the
availability of free foreign exchange affects economic growth. A rise (fall) in export prices or
a fall (rise) in import prices increases (decreases) the amount of foreign exchange available to
the country for other purposes. If changes in local prices were completely in line with
changes in world prices, and if there were no production or consumption responses to these
price changes, the impact on free foreign exchange availability should be one-to-one. The
second stage in the argument is to link free foreign exchange to growth. The implicit model
here is one in which low income countries are constrained in their access to foreign exchange.

If there is such a link, it can be moderated by appropriate variation of debt service payments.

We investigate these two links by a set of panel regressions.
e We regress growth on free foreign exchange availability (indirect effect) and the
commodity price indices (direct effect).
e In order to complete the indirect link, we regress free foreign exchange availability on
the commodity price indices.
The model structure is illustrated in Figure 2. Detailed equation specifications and some

estimation results are provided in the appendix.
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Figure 2: Model Structure

With metals excluded, the terms of trade indices are based on seventeen different commodity
prices, of which six enter both the import and export indices. These prices are generated in
real terms through error correction structures on the basis of the growth in world industrial
production (industrial production in the industrialized countries) — see the left hand side of
Figure 2. They are converted into nominal terms using an autoregressive equation for the US

producer price index (all items). An “explosion” indicates a stochastic relationship.

The seventeen individual commodity prices are aggregated using constant country-specific
weights into indices for each of the 31 countries we consider — see the center of Figure 2. The
indices are calculated by taking deviations from four year moving averages. The model also
computes indices for each sub-aggregate (agricultural exports, energy exports, grain import

and energy imports) although, for simplicity, these are not illustrated in the Figure.
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The terms of trade indices feed into the equation for GDP growth in each of the 31 LICs we
are modeling. The equation is estimated using the panel growth methodology which imposes
common coefficients across all countries. Growth is also influenced by growth in world
industrial production and world trade, and by the availability of foreign exchange (the

indirect link discussed above).

The right hand side of Figure 2 shows the generation of the foreign exchange availability
variable which also depends on the country’s level of debt service. The debt service to export
ratio, in terms of which scheme performance is evaluated, is determined as the ratio of debt

service, as moderated by the scheme, and the level of exports.

4.2  Simulation Methodology

We need to choose between either simulating the past or the future; and between
deterministic and stochastic simulation. Simulating over the past has the disadvantage that it
conditions on particular experience. Also, because concessionary debt only became important
in the mid-80s, there is limited and very particular experience. For these reasons, we prefer to
simulate over the future. The decision to use stochastic rather than deterministic simulations
is driven by our evaluation criteria which are based around tail probabilities. Deterministic
simulation is at best informative about average values. The scheme we are investigating has
little effect on averages (for example, on average growth levels) since it involves changes in
the timing of debt service and not changes in its levels. The cost is that stochastic simulation
forces us to model shocks across the range of commodity prices and also for GDP, exports

and imports for each of the countries in our simulation sample. This is demanding.

The simulation experiments are based upon a set of shock events which determine
commodity prices, export and import values and GDP growth over the 25-year simulation
period. The starting values for the simulation are the historic values for 2001, the final year in
our estimation sample. We run 100,000 simulations over the period 2002-2026. The large
number of replications is required in order to accurately define the tails of the debt service to

export distributions.
We employ a bootstrap methodology to generate the shocks in the simulations — see Efron

and Tibshirani (1993). This involves drawing the shocks for the simulation sample from the

estimation residuals. The advantage of this procedure over the parametric alternative is that
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we do not need to specify the shock distributions.® Further, by bootstrapping the complete set
of residuals for a year in the estimation sample, we automatically maintain the correlation
sample structure. Since our model contains over one hundred different shocks per year, this

would be computationally very difficult within a parametric structure.

The base simulation simulates an IDA-type loan with initial debt amount equal to the average
concessional debt stock of each county over the final three years of the historic period (1999-
2001). It assumes full repayment of this stock over 25 years, therefore, holding concessional
debt service constant over the future period. In the base simulation, we therefore hold
concessional debt service constant so that changes in the ratio of debt service to exports or

GDP reflect changes in the denominators and not the numerator of these ratios.

5 Results

Detailed simulation results are tabulated by country in Table 6.

5.1 Activity of the scheme

Table 6 (column 1 and 2) reports the average incidences per country when the scheme would
be active. Results show that on average for all countries over the 25-year simulated period the
scheme would be active in 55% of the time, i.e. 14 years. Due to the relatively high oil price
volatility, the largest oil exporters and oil importers would most often have the opportunity to
use the scheme. Three oil exporters: Republic of Congo, Yemen, and Kyrgyz Republic, have

the highest rate of use of the scheme. Cameroon, the only other oil exporter in the simulation

® There is a number of complicating factors. First, the commodity price equations are estimated over a
longer sample than the macroeconomic equations. If a year is sampled prior to the start of the
macroeconomic estimation sample, a second year is drawn for the macroeconomic shocks. here
Second, some countries have short (or indeed no) samples for certain equations and so the relevant
residuals are unavailable. For these country-year combinations, we sample a residual for the same
year but from a different country but with a complete set of residuals. Third, the Rwandan civil ware
of 1992-93 produces large outliers. These residuals are overridden for Rwanda, and the shocks are
transferred to all 31 countries with a probability of 1/300. Effectively, this amounts to assuming that
events of this sort are random across countries. Finally, we need to decide how to treat the fixed
effects in the growth equations, Holding these constant has the result that low growth performance
over the estimation sample generates low growth in the future. For two countries (Congo Democratic
Republic and Sierra Leone) this result sin absurdly low GDP levels at the end of the simulation
sample. The alternative possibility is to regard the fixed effects as random and to bootstrap from that
distribution. That would imply no relationship between growth in the estimation and simulation
samples, which also seems extreme. We compromised by assuming 50% of the fixed effects are
genuinely fixed and 50% random.
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set of countries ranks high in the activity list, with an average of 18 years. As expected,
countries with high degree of exports concentration and heavy economic dependency on a
small number of commodities would most often use the scheme. Diversified economies, such
as Bangladesh, Nepal, Lao PDR, and Bhutan are at the bottom of the list with the lowest use
of the scheme. A number of African countries, such as Mozambique and Tanzania, that have
successfully followed diversification efforts and have seen growth of nontraditional exports,

are in the lower part of the activity ranking.

5.2 Costto the lender

The principal cost of the scheme we have considered is the unsmoothing of flows from
borrowing countries to the concessional lender. Results show that the scheme would have
limited impact on the lender. Table 6 provides summary statistics for the total potential cost
to the lender over the simulated period. To obtain a comprehensive picture of the potential
impact on the lending institution, we estimate the total cost in three ways:
e reduction in cashflow to the lender at a random year in the future. Here we take the
cashflow situation at the end of the 15" year of the simulated period;
e reduction in cashflow at the end of the simulated period;
e reduction in the net present value (NPV) of reflows to the lender (at a 5% discount
rate).
The first criteria gives a more accurate picture of the situation in which the lender would have
in its portfolio countries which at any given period would be accelerating or postponing their
debt service payments. The third criterion differs from zero only because the scheme is

defined to hold the dollar value of reflows constant, not its NPV.

Simulation of a portfolio of conventional concessional credits and a similar portfolio of
credits indexed to commodity prices shows that the latter results in a comparative loss to the
creditor of about 0.5 percent of total re-flows in expected net present value terms relative to
the benchmark of full and timely repayment. The maximum simulated cost to the creditor in
NPV terms is estimated at about 1.7 percent of total re-flows, while in some scenarios of
commodity prices, the creditor could gain up to 0.6 percent of re-flows in net present value

terms.

One reason for the limited impact is the relatively high offsetting. Oil price volatility is a

major contributor to the terms-of-trade volatility in low income countries. While most low
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income countries import oil, a number of low income countries are oil exporters. The result is
that this important volatility component has limited impact on the lender. The large common
factor in agricultural commodity price cycles, however, contributes to the cash flow

uncertainty. Figure 7 shows the historic price volatility of oil, cotton and coffee.’

5.3 Beneéfits to the borrower

In order to measure the benefits of the scheme to the borrowing countries we need a criterion
by which to judge the success of the scheme from a country’s perspective. We specified that
the objectives of the scheme may be achieved by more closely matching the debt service
repayments with changes in their repayment capacity. A simple and well recognized measure
of this is the country’s debt service to exports ratio. The debt sustainability literature has
typically focused on the debt service to exports ratio. This measure also has the merit of
direct comparability across countries (see for example World Bank and IMF 2001; Edwards
2001 and 2003). We propose to ask how often a country would face a high debt service to
exports ratio during the period when the scheme is in place as compared to a non-intervention
period. This provides a common and very straightforward method for measurement of the
benefits across countries and a direct comparison between the non-intervention and the active
scheme period. Currently we consider a debt service to exports ratio as high if it exceeds
twice the average value of the ratio observed in the last 5 years of the historic period (1997-

2001).

The simulation results are reported in Table 5 (columns 3-5). For the simulated 25-year
period the average reduction of incidences with high debt service to exports ratio due to the
scheme is 5.5%. The results differ markedly across countries. Of the 31 countries considered,
two oil exporters (Republic of Congo and Cameroon) are seen as obtaining greatest benefit
from the proposed scheme. Agricultural producers such as Burundi, Benin, Malawi, Rwanda,
and Zambia also obtain sizable benefits. Overall, fifteen countries would see a reduction in
their debt service to exports ratio. Estimated benefits are negative or very low in sixteen

countries.

The only cost the borrower can potentially face is the loss of concessionality due to

acceleration of payments in the event of a positive shock. Expressed as a ratio to the original

7 Calculated as the intra-annual standard deviation of monthly prices.
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NPV of repayments, the total proportionate loss to the creditors is equal to the weighted
proportionate gains to the borrowers where the weights are the shares of each country’s
original debt service in total debt service of all countries in the sample.® On this basis, the
weighted gain to the borrowers in terms of reduction of the expected repayment stream in

NPV terms is 0.5% percent of the non-indexed stream.

The simulation results show that the average gain to countries which would see a decline in
NPV of debt due to the scheme is 8.3%, while the average loss to countries for which the
NPV of debt would increase under the scheme is only 3.8%. There are also treasury
management challenges and costs associated with setting aside resources to meet increased
debt service obligations. This, however, presents only a limited cost, as the acceleration of
payments is only triggered by improvement in the terms of trade, leading to increased

repayment capacity.

We have discussed the results of the scheme on the basis of a preferred parameter selection.
Other choices give different results and show the high sensitivity of a scheme of this sort to
the triggers and repayment proportions employed. Summary results from five different

alternative sets of parameters are presented in Table 6.

¥ The NPV gain to country j is ANP Vi and country j’s base period debt service is DS;. Because the
same discount rate is used for all countries and for the total impact on the lender, the total absolute
NPV gain to the borrowers equals the aggregate absolute NPV loss to the lender. The total NPV loss

to the lenders can be expressed as —Z ANPYV; where n is the number of participating borrowers.
j=1

S avp,

j=1
ZDS_,.
Jj=1
ANPV,

write this as: Loss = —Z w, DS = —Z w,Gain; =—Weighted _Gain where the weights are the
j

Expressed as a ratio to base period debt service, the aggregate loss is Loss = — . We can

= =

DS
shares of the country’s base period debt service in total base period debt service: w, = — ' . So

>.Ds,

i=1
the loss to the creditors is minus the weighted gains to the borrowers where the weights are the shares
of the country’s base period debt service in total base period debt service.
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6 Financing

The structure outlined above would introduce significant cashflow variability into the
repayment scheme received by the lender but with the property that the total repayments
received over time (of their NPV in the discounted scheme) would be unaffected. Indeed,
total repayments might even be marginally improved if the scheme reduces the default rate.

In this section we briefly outline how the lender might offset this timing variability.

Many loans to low income countries have long maturities and this works against direct
hedging of the variability using traded derivative markets which are better suited to hedging
uncertainty on a period of months or at most a few years ahead. Moreover, hedging using
exchange derivatives would fail to take advantage of the fact that the cashflow uncertainty
relates only to timing and not to the overall value of the repayments. In our opinion, hedging
would be much more effectively carried out using an OTC (“over the counter”) swap in
which the lender would exchange its floating cashflow for a fixed cashflow through an

investment bank. The structure of the transaction is that the investment bank would receive
the variable cashflows S;, ¢t =1, ..., T, and would pay the lender the scheduled cashflows S,* ,

t=1, .., T. It would charge an annual fee to cover its costs and profit margin. In this
arrangement, it would be a matter for the investment bank to determine if and how it chooses
to hedge the uncertainty it has assumed, but that issue would cease to be a concern for the

lender.

7 Conclusion

We investigated, using Monte Carlo simulations, the possible mode of operation of an
implementable scheme for introducing flexibility into debt service on the basis of fluctuations
of borrowers’ terms-of-trade. We designed an instrument that revises the repayments in a way
that is easier for the debtor to meet. We defined country-specific indices which are
comparable across LICs so that, based on the value of their indices, all debtor countries are
treated in an identical manner and which is directly interpretable in terms of other economic
variables. The instrument adjusts debt service proportionally to the deviation of the country-

specific index relative to its moving average from the preceding four year.
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Modifications of this sort appear feasible. The flexibility of low income primary producing
countries is increased by the augmentation of debt service obligations by postponement and
acceleration. Commodity-dependent LICs employing this instrument would be able to adjust
debt service payments between periods of positive and negative shocks, and thus would be
able to better utilize scarce fiscal resources. Participating countries would be able to avoid
excessively high ratios of concessional debt service to export revenue. We estimate that the
average reduction of incidences with high debt service to exports ratio due to the scheme is
5.5%. The only cost the borrower can potentially face is the loss of concessionality due to
acceleration of payments in the event of a positive shock. However, the weighted gain to the
borrowers in terms of reduction of the expected repayment stream in NPV terms is 0.5%
percent of the non-indexed stream. Simulation results show that the average gain to countries
which would see a decline in NPV of debt due to the scheme is 8.3%, while the average loss
to countries for which the NPV of debt would increase under the scheme is only 3.8%. The
benefits of the instrument are restricted to countries heavily dependent on primary

commodity exports or import of major commodities such as energy sources and grains.

The design of the instrument allows for timely intervention in the event of terms of trade
shocks and avoids moral hazard. The index that guides the changes in debt service is based
on deviations of international commodity prices from their moving average trends. These are
known with certainty by the end of the year in question, and can be accurately estimated
during the course of the year on the basis of partial information. In relation to moral hazard,
no low-income country is sufficiently important in the world market for these commodities to

be able to influence the world price.

We find that the instrument imposes only minor costs on the lender. Simulation of a portfolio
of conventional concessional credits and a similar portfolio of credits indexed to commodity
prices shows that the latter results in a comparative loss to the creditor of about 0.5 percent of
total re-flows in expected net present value terms relative to the benchmark of full and timely
repayment. The main risk that the lender faces is the cash flow uncertainty that arises from

the resulting repayment variability.
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Table 5

Simulation Summary Statistics

Years with High

Arrears after 25 Years (in % of Initial Debt

Arrears after 15 years (in % of Initial Debt

Activity  Debt Service to
Export Ratios Stock) Stock)
Average . o . o . o . o .
Incidence Reduction Average  st.dev. 95% point 99% point| Average st.dev. 95% point 99% point
Concesionary

Loans 4.4% 1.4% 6.7% 7.7% -0.1% 1.1% 1.8% 2.5%
Congo, Rep. 96.5% 45.7% 37.9% 12.8% 59.1% 67.5% 24.1% 10.5% 42.2% 50.7%
Yemen, Rep. 91.1% 1.6% 31.8% 11.6% 51.5% 59.0% 20.6% 9.7% 36.5% 42.9%
Kyrgyz Rep. 80.1% 17.6% 0.4% 1.5% 2.6% 7.9% -6.3% 6.0% 3.5% 8.7%
Sierra Leone 77.6% 9.6% 0.3% 1.5% 1.8% 8.3% -71.7% 6.6% 3.7% 9.2%
Burundi 77.1% 12.4% 8.6% 6.3% 20.3% 24.5% 4.7% 5.8% 14.9% 18.1%
Nicaragua 76.9% -4.1% 5.7% 5.1% 15.6% 19.3% 2.7% 5.2% 11.0% 14.7%
Honduras 75.4% -3.4% 8.7% 5.6% 18.3% 23.1% 5.2% 5.0% 13.5% 17.3%
Cameroon 71.8% 23.1% 19.3% 9.0% 34.6% 40.7% 12.7% 7.7% 25.4% 30.5%
Mongolia 71.5% -0.2% 0.2% 0.9% 0.0% 4.8% -1.7% 5.4% 1.9% 5.7%
Ghana 67.3% 0.0% 1.2% 2.5% 71% 11.2% -2.4% 4.6% 6.1% 9.1%
Uganda 66.7% -0.3% 3.6% 4.0% 11.0% 15.0% 1.8% 4.3% 9.0% 12.0%
Senegal 66.0% -0.3% 0.0% 0.4% 0.0% 1.0% -9.0% 4.9% -1.0% 3.1%
Kenya 64.8% -0.1% 1.9% 2.9% 8.0% 12.1% 0.0% 4.1% 7.0% 10.1%
Benin 62.9% 14.3% 0.9% 1.8% 4.9% 7.8% -1.9% 3.4% 3.9% 6.8%
Zambia 52.4% 8.4% 0.0% 0.2% 0.0% 1.0% -5.1% 2.8% 0.0% 2.1%
Sri Lanka 51.5% 0.0% 0.1% 0.7% 1.1% 3.2% -3.1% 3.2% 21% 4.2%
Vietnam 50.3% -0.4% 7.0% 4.9% 15.9% 19.1% 4.2% 4.1% 11.1% 14.3%
Madagascar 48.1% -0.3% 0.0% 0.1% 0.0% 0.0% -7.0% 2.9% -2.0% 0.0%
Samoa 47.9% 0.0% 0.0% 0.1% 0.0% 0.0% -71% 3.1% -2.1% 0.0%
Haiti 46.3% 2.2% 0.0% 0.0% 0.0% 0.0% -71% 3.0% -2.0% 0.0%
Malawi 45.8% 8.9% 0.1% 0.4% 0.0% 2.0% -3.4% 2.6% 1.0% 3.0%
Burkina Faso 40.4% 6.9% 0.0% 0.0% 0.0% 0.0% -5.7% 2.0% -2.0% -1.0%
Niger 37.8% -2.2% 0.0% 0.0% 0.0% 0.0% -5.6% 2.5% -2.0% 0.0%
Rwanda 36.9% 9.2% 0.0% 0.0% 0.0% 0.0% -4.9% 2.2% -1.0% 0.0%
Nepal 35.8% -1.7% 0.0% 0.0% 0.0% 0.0% -5.4% 2.5% -1.0% 0.0%
Tanzania 35.2% 0.0% 0.0% 0.1% 0.0% 0.0% -4.2% 2.2% -1.0% 1.0%
Mozambique 33.3% 9.3% 0.0% 0.0% 0.0% 0.0% -7.3% 3.2% -3.0% -1.5%
Lao PDR 31.9% 7.6% 0.0% 0.0% 0.0% 0.0% -4.3% 2.0% -1.0% 0.0%
Bhutan 31.8% 0.1% 0.0% 0.0% 0.0% 0.0% -4.5% 2.3% -0.9% 0.0%
Congo, DR 20.4% 5.2% 0.0% 0.2% 0.0% 1.1% -2.4% 21% 0.0% 2.1%
Bangladesh 17.4% 0.0% 0.0% 0.0% 0.0% 0.0% -2.4% 1.8% 0.0% 0.0%
Average 55.1% 5.5% 4.1% 2.3% 8.1% 10.6% -1.2% 4.1% 5.6% 8.5%
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Table 6

Simulation Summary Statistics

A B C D E
Lower outer - 1.50% -2.50% -2.00% -2.00% - 1.50%
Tricoers Lower inner -0.75% -1.25% - 1.50% - 1.50% - 0.75%
£e Upper inner 0.50% | 0.50% | 050% | 0.50% | 0.50%
Upper outer 1.00% 1.00% 1.00% 1.00% 1.00%
Lower outer band 0% 0% 0% 0% 0%
Repavment Lower inner band 50% 50% 50% 50% 50%
Peie}; taoe Central band 100% 100% 100% 100% 100%
g Upper inner band 125% 125% 125% 133% 150%
Upper outer band 150% 150% 150% 167% 200%
Average usage 60.8% 55.1% 53.0% 54.3% 63.9%
(standard deviation) (9.3%) (9.3%) (9.2%) (9.4%) (9.6%)
Average reduction in years with 6.5% 5.5% 4.4% 4.6% 4.8%
high debt service-export ratios
Arrears Average 4.2% -0.1% 0.0% -2.6% -3.5%
after 15 (st. dev.) (1.5%) (2.1%) (1.2%) (1.4%) (2.1%)
95% point 6.7% 1.8% 2.0% - 0.4% -0.1%
years 99% point 7.7% 2.5% 2.8% 0.5% 1.2%
Final Average 7.6% 4.4% 4.8% 3.4% 3.9%
(st. dev.) (1.9%) (2.0%) (1.5%) (1.5%) (2.0%)
arrears :
(25 years) 95% point 12.1% 6.7% 7.2% 6.0% 6.9%
Y 99% point 13.4% 7.7% 8.3% 7.0% 8.4%




Econometric Appendix

Indices are simulated for each country in each year as a product of the simulated commodity
prices and a constant 2001-base 4-year moving average commodity exports and imports
weights. The commodity prices are calculated using a standard error correction model:
Alnp, =B, +B,t+B,Alnp, +B,;(Inp,, ,—Inm _,)+u, (D)
where m,is the US producer price index. The equations for Arabica coffee, maize, rice, wheat,
coal, and natural gas contain additional terms specifying interactions with other commodities.
These equations have the following form:
Alnp; =B, +But+B Alnp,,  +B;(Inp, ,~Inm_,) 2
+B,,Alnp,,  +B,;s(np,, , —Inm_,)+u,
where py is the price of substitute commodity k in year t. The substitute commodities are as

specified in Table Al:’

Table A1
Commodity Price Specifications
Commodity Substitute Commodity
Arabica coffee Robusta coffee
Maize Wheat
Rice Wheat
Wheat Rice
Coal Crude oil
Natural gas Crude oil
The table shows the substitute commodities
(column 2) k corresponding to each commodity ;
in relation to equation (2).

The eleven agricultural commodity price equations are estimated as a system using Three
Stage Least Squares (3SLS) over the sample 1972-2001. Estimation results (¢ values in
parentheses) are given in Table A2. The three energy price equations are also estimated as a
system, together with the supplementary (first order autoregressive) equation for the U.S.
producer price index, again using 3SLS, over the shorter sample 1979-2001. The use of the
shorter sample is forced by lack of coal price data back to 1970. Estimation results are

reported in Table A3.

 The choice of substitute commodities was entirely empirical and without regard to Slutsky
symmetry, either in terms of inclusion or the magnitude of the coefficient.
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We consider two routes by which changes in commodity prices affect economic growth
(where growth here may be seen as a place-holder for the entire range of development
objectives).

e Direct effects: high export prices and low import prices make governments and
commodity producers better off allowing higher real consumption and greater
investment, and make consumers worse off in a symmetric manner.

e Indirect effects: higher export earnings and/or lower import expenditure requirements
relax the budget constraints facing government and firms.

We investigate the indirect link in two stages. We first show how variations in the index
translate into what we call free foreign exchange, and then investigate whether the
availability of free foreign exchange affects economic growth. A rise (fall) in export prices or
a fall (rise) in import prices increases (decreases) the amount of foreign exchange available to
the country for other purposes. If changes in local prices were completely in line with
changes in world prices, and if there were no production or consumption responses to these
price changes, the impact on free foreign exchange availability should be one-to-one. The
second stage in the argument is to link free foreign exchange to growth. The implicit model
here is one in which low income countries are constrained in their access to foreign exchange.

If there is such a link, it can be moderated by appropriate variation of debt service payments.

We estimate the growth relationship using panel regression methodology.
e We regress growth on free foreign exchange availability (indirect effect) and the
commodity price indices (direct effect).
e In order to complete the indirect link, we regress free foreign exchange availability on

the commodity price indices.

it

Country j’s free foreign exchange availability in year ¢ is measured as z,, =  where

jt
Xi 1s the US dollar value of the country’s total exports in year ¢, M; is the US dollar value of
the country’s energy and grains imports in year ¢ and Yj is the US dollar value of the
country’s GDP. In the second set of regressions, we use a modified definition of availability
X, -M, -S.
% where S is the US

Jt

which takes concessional debt service into account: ¢, =

dollar value of the country’s total concessional debt service in year ¢.'® In many countries,

10'Source: World Bank.
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both variables exhibit strong trends and so, for compatibility with the definition of the price
indices, we measure these variables relative to their four year moving averages:

4
~ 1 P 1
ij - th 4 zzj,t—i and C.:jt - C.tjt 4

i=1 i

4
€, - The two concepts are related by the equation
=1

s,
G =25 —5— (3)

Consider the growth equations first. Letting gj: be country j’s annual rate of growth of real

GDP in year ¢, our basic model is

g, =B, +BC, +B,Ing, +B,IPG_ +BWTG,_ +p, +e, 4)
Here, IPGy, is the rate of growth of industrialized countries’ industrial production in the
previous year and WPGy, is the rate of growth of world trade in the previous year (both
variables are common across all countries)."’ L; is a country effect and e;; is an independently
distributed disturbance. This specification allows growth to depend both on free foreign
exchange and on the level of the commodity price index, together with a common world trade

trend. (The lag structure was suggested by preliminary regressions).

The growth specification in equation (4) differs from that used in much of the empirical
growth literature in two respects:

e We measure growth on an annual basis whereas it is more convention to aggregate to
four or five year “epochs”. That procedure may be criticized as arbitrary and it also
substantially reduces the number of degrees of freedom.

e We include a set of country effects forcing estimation in differences. This precludes
examination of the effects of slowly changing variables, such as indices of
institutional quality, on growth since these are washed out through the difference
transformation. Although this may result in some loss of precision, it avoids the
possibility that the results are dependent on the particular set of control variables

included in the regression.

" World trade is measured by the average of the US dollar values of total world exports plus total
world imports deflated by the US Producer Price index (all items). Source for variables: IMF,
International Financial Statistics.
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The growth equation (4) provides a basic structure within which we can explore a number of
variants of the same specification. We consider two specific variants. First, the overall price
indices Ingj.1 may be considered as aggregating across a set of sub-indices covering

e agricultural export prices

e metals export prices

e cnergy export prices

e grain import prices

e energy import prices
We investigate whether the impact of price changes is uniform across these categories.
Second, we consider whether positive and negative values of the commodity price index (or

indices) have symmetric effects.

Estimation of growth equations on panel datasets is often problematic because, with relative
short time dimension, it is inappropriate to condition on lagged dependent variables. This is
not a problem for our model since we not expect lagged dependence, and in any case, the
maximum time dimension available for estimation of 26 years is not low. Furthermore, the
commodity price indices Ingj; may be taken as exogenous since the country-specific feature of
these indices relates only to the weighting of a common set of prices determined on world
markets. This suggests that pooled Ordinary Least Squares (OLS) estimation of the

differenced versions of equations (4) and (5) should be consistent.'? Consistency is brought

into question however, by the possible endogeneity of the free foreign exchange variable & P

in equation (2) suggests that this equation might be estimated by Generalized Method of
Moments (GMM)." If the pooled OLS estimates are consistent they should be more efficient
(hence more precisely determined) than the GMM estimates. The GMM estimates will be

consistent on a much less restrictive set of assumptions.

Turning to the indirect channel, we model free foreign exchange availability by modeling the
export to GDP ratio and the ratio of energy and grains imports to GDP. This allows us to
obtain the variables zj; and (j by construction, and hence also their deviations from the four

year moving average. In both cases, we specify the relationship as a partial adjustment to

"2 Differencing eliminates the country-specific components p;j and v;.
" We use the DPD module of the GiveWin package and estimate in differences. We only report the
first stage GMM estimates. ¢ statistics are based on heteroscedasticity-robust standard errors.
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current and lagged prices. In the export equation we condition on the agricultural and energy
export price indices while in the import equation we condition on the energy and grains
import price sub-indices. In both cases, the dependent variable is in logarithms to prevent
negative ratios in the simulation experiments (there is never any problem with exports or

imports exceeding GDP).

The specification of the export to GDP ratio is

Xﬂ Xj,t—l ax ax
In y =Y, + ylzln Y + yzoAln 95 V2 In 9j1

! e )
+7,,AIn qj‘ff +7,, In qf;’ft_l +7v,AIPG, + vj + sj,
Analogously, the equation for energy and grains imports is specified as
ln{Mﬂ j =Y, + y]zln(Mj’t_1 J +7,,AIngS + A, Ing?
Y, Y ' : (6)

gm gm m m
+Y;,Aln g5 +7Vs In g5+ vsAIPG, + vi+e]

Pooled OLS estimates of the symmetric response version of equation (5) are given in Table
A4. Column A relates to the basic specification. Experimentation indicated that agricultural
export prices affect growth with a one year lag while the impact of energy export prices and
grain import prices is spread over the current and succeeding year. The (indirect impact)
coefficient B, associated with the commodity price index is small and poorly determined.
This difference may reflect differences in the commodity composition of exports and imports

or contracting arrangements (forward sales, delivery lags etc.).

We investigate the relationship further by disaggregation. We define separate indices for
agricultural export price Ing™, metals prices Ing™, energy export prices Inq™, energy import
prices Ing®™ and grains import prices Ing®". The energy export and grain import prices are
averaged over the current and succeeding year. The estimates, reported in column B, show
broadly similar coefficients for each group, with the exception of metals, although only the
coefficient of energy exports is precisely determined. As noted, however, the coefficient
associated with metals export prices is incorrectly signed. This remains true even if the
variable is unlagged. This motivates recomposition of the index in line with the estimated

coefficients as discussed in the main text.
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This gives a more precisely determined equation. The (one stage) GMM estimates are similar

to the pooled OLS estimates but give greater weight to the indirect impact of price changes

through the free foreign exchange variable é - As noted above, it is this variable which is the

potential cause of conditioning problems in estimation.'*

Table AS reports the results of investigations into possible asymmetries in the growth
relationship. The first column of the table repeats the pooled OLS estimates from the third
column of Table A4. In the second column, we estimate separate coefficients for positive and
negative values of the commodity price index. The coefficient associated with negative index
suggests that while positive terms of trade movements lead to faster growth, negative
movements are not harmful. However, a ¢ test for the asymmetry shows the difference to be
insignificant (¢ = 1.42). There is therefore no strong evidence of asymmetry in these

responses.

An alternative possibility is that the effects of persistently low export prices depress
investment and that this feeds through into lower growth only with a time lag. This is
investigated in specification E. There is evidence of such an effect with a three year lag for
agricultural export prices but no such evidence for energy prices. The specification reported

in the table (columns 3 and 4) is

g, =By +BL, +Bylng,, , +PBy,max(Ing’ ;,0)+B,IPG,, +BWIG,  +u, +e, (7)
The estimates in the final column of Table A4 are therefore our preferred estimates. The
estimated asymmetric response, measured by the coefficient P,,, is large, but is only
statistically significant in the pooled OLS estimates. However, since both the estimated 3,
GMM coefficients are very close to the pooled OLS coefficients, there is no reason to distrust

the OLS estimate of this impact, even through the actual coefficient value is imprecisely

determined.

Table A6 lists the observations used for the specification E estimates in Table AS. The
longest sample is 19 years (1983-2001) and this full sample is available for 19 countries.
Table A6 also reports the R? coefficients for each country sub-sample from the pooled OLS

' We also investigated whether there is lagged dependence in the growth relationship. The pooled
OLS estimates give highly significant coefficients on the lagged growth variable, but it is well known
that estimates of this coefficient can be very biased on panels with short time dimension. This was
confirmed by GMM estimates which allow acceptance of the hypothesis of no lagged dependence.
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estimates (Table A6, column 3). Among countries with ten or more observations available,
the explanation is best in Zambia (R* = 0.36) followed by the Congo Republic (R* = 0.24),
Haiti (R> = 0.23) and St. Vincent and the Grenadines (R* = 0.20). A number of (mainly
Asian) countries show large negative R” values, most notably Bangladesh, Bhutan, the Lao
P.D.R. and Sri Lanka. However, exclusion of these countries made very little difference to

the estimates and we therefore decided to remain with the complete available sample."

Finally, in Table A7, we report the estimates of the supplementary equations (5) and (6) used
in construction of free foreign exchange variability. Specification F (column 1) uses the same
definition of the commodity prices indices Ingj; as in the growth equation reported in Table
A4. Specification G (column 2) uses a modified definition in which export prices and oil
import prices are unlagged but grain import prices are lagged one year. As previously, metals
prices are excluded. Because pooled OPLS estimates will be badly biased in the presence of
the lagged dependent variable, we report only the GMM estimates. The estimates associated
with specification G are much more precise in relation to the coefficients of the commodity

price index, and we therefore adopt this specification.

The model also requires equations for the change in industrial production in the industrialized
countries /PG and growth in world trade WTG.'® Since the objective is that of generating
shocks rather than to offer any explanation of the variables, we adopt autoregressive
structures. The two equations were estimated as a system using 3SLS over the sample 1976-

2001. The estimated equations (¢ values in parentheses) are:

0.029 0.336
= + WTG,
(2.15) (2.29) (8)
s.e.=0.0608
g 00260161
and ‘(465 (130) 7 )
s.e.=0.0264

"> The estimates also show two very large residuals associated with the civil war in Rwanda in 1994
and 1995.Howver, the observations have negligible leverage.

' Date sources: IMF, International Financial Statistics. World Trade is the sum of total imports and
total exports of the industrialized countries.
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Table A2

Estimated Agricultural Price Equations
(Dependent variable Aln p )

B B B2 Bi3 Bia Bis s.€.
intercept  trend | Alnp,,, Inp, ,~Inn_, | Alnp,, Inp,,-Inm,
4149 -0.0292 | -0.158 20.465
Cocoa 6.15)  (542) | (1.32) (5.93) ) - 0.1959
Cofiee 6707 -0.1632 | -1.048 1651 0.466 0.895 Ceos
(arabica) | (749) (2.37) | (7.37) (8.22) (2.90) (4.79) :
Coffee 5383 20.0372 | -0207 20.595 _ _ o
(robusta) | (5.81)  (4.97) | (1.60) (5.65) :
5733 10.0284 | -0.557 20.677
Cotton 1 4 4oy (4.63) | (4.16) (4.36) i ) 0.1912
e 2488 -0.0215 | -1.015 11,098 0.754 0.651 ist
3.61) (435 | (7.00) 6.71) (4.63) (3.79) :
e 3803 20.0280 | -0.283 20.959 0.119 0.462 ot
4.68)  (4.60) | (1.95) (5.78) (0.57) (1.91) :
Natural | 5393 20.0224 | -0.335 20,630 _ _ O ress
rubber 6.80)  (5.13) | (341 (6.62) :
4829 200309 | -0.473 20722
Soybeans | 553 (563) | (3.82) (5.58) - ) 0.1643
4249 00352 | -0.265 20.632
Sugar @50 (323) | (171 (4.44) - - 0.3877
578400211 -0.715 20,607
Tea 420)  (3.68) | (5.18) (4.14) J ) 0.1900
3867 20.0235 | -0475 20832 0317 0.166
Wheat 6.87)  (5.64) | (3.96) (6.54) (5.29) (2.42) 0.1458

The eleven equations are estimated as a system using 3SLS over the sample 1972-2001. t statistics are
given in parentheses. The suffix j relates to the own price and k& to the price of the alternative
commodity — see text and Table Al.
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Table A3
Estimated Energy Price Equations
(Dependent variable Aln p )

~ Bio Bir Bi Bia B4 Bis 5.
Intercept trend Aln P In Piia— In T s Aln Py In Pryo— In T s
Coul 3214 00239 | -0.142 20.795 0260 0056 | o 101
G81)  (342) | (0.91) (4.60) (2.92) (0.50) ‘
12494 200216 | 0267 10.382
Crudeoil |} 73 (158) | (1.32) (1.67) i ) 0.2807
Natural | -3.348  0.0286 | -0.723 0.573 0.552 0.631 e
gas Q.51)  (2.33) | (3.34) (3.11) (2.95) (2.81) '
B 00435 00014 | 04592 _ _ _ 0.0306
orodu (1.62)  (128) | (2.64)

The four equations are estimated as a system using 3SLS over the sample 1979-2001. ¢ statistics are
given in parentheses. The suffix j relates to the own price and k to the price of the alternative
commodity — see text and Table Al.
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Table A4
Estimated Symmetric Growth Equation (2)

Dependent variable gj
Specification A B C
. Pooled
Estimation Pooled OLS OLS GMM
B, Intercept 0.000 -0.001 -0.001  -0.001
(0.64) (1.69) | (1.64)  (1.38)
g 0.091 0.072 0.072 0.136
B i (1.84) | (153) | (1.53)  (2.56)
agricultural exports 0.232
(=1) (1.10)
grains imports -0.436
(k=) (1.16)
B, Inge | &S exports (010&2) 0.208 0.201 0.141
> (k=) k=1) (5.64) (4.56)  (1.86)
energy imports ( -0.106
(k=0) (0.44)
metals exports -0.106
(k=1) (0.44)
0.124 0.138 0.137 0.247
s IPGu (1.13) | (139) | (135)  (2.08)
0.170 0.158 0.160 0.081
B WG 237) | (229) | (231)  (2.19)
c standard error 0.0703 0.0693 0.0691  0.0694
AR(1) N(0,1) -2.00° 2,05 | 2.04 202
AR(2) N(0,1) 0.09 - 0.15 0.13 0.05

The estimates in column C omit metals prices from the index. Export prices are
lagged one year and import prices are unlagged. A lag of % implies an average on
the current and one year lagged prices.

A total of 619 observations is used in estimation except in column A (583
observations).

¢ statistics in parentheses are based on heteroscedasticity-robust standard errors.
The GMM estimates use a single stage procedure where the weighting matrix has
units on the diagonal and —2 on the principal sub- and super-diagonal.

AR(1) and AR(2) are respectively N(0,1) tests for first and second order residual
serial correlation. An asterix indicates significance at the 5% level. Because
estimation is in differences (to eliminate country effects), one should expect
negative first order residual serial correlation with these estimates.

GMM instruments:

Ci30C,,55Ing,,....Ing; 3 IPG, .. /PG, ;WTG, |,. WTG,_.

38




Table AS
Estimated Asymmetric Growth Equation (2)

Dependent variable g;

Specification C | D E
. . Pooled
Estimation Pooled OLS OLS GMM
Intercent -0.001 -0.001 | -0.001  -0.001
Bo P (1.64) (1.52) (2.02) (2.24)
F 0.072 0.074 0.066 0.171
B Jt (1.53) (1.59) (1.36) (3.38)
- 0.408
o posive 0.201 237) | 0216  0.136
Bar 4t o 456) o007 (544 (1.91)
(0.05)

5 Ing" negative 0.438 0.464
22 Ji=3 (2.45) (1.46)
0.137 0.128 0.183 0.279
s IPGu (135) | (126 | (171) (224
0.160 0.161 0.152 0.059
o WG 231) | @30) | 216 (157
o standard error 0.0691 0.0690 0.0697 0.0702
AR(1) N(0,1) 2.04° 2.05 -1.98" -1.97
AR(2) N(0,1) 0.13 0.12 0.10 -0.01

A total of 619 observations is used in estimation in columns C and D, and 599
observations in columns E.

¢ statistics in parentheses are based on heteroscedasticity-robust standard errors.

The GMM estimates use a single stage procedure where the weighting matrix has units
on the diagonal and —)% on the principal sub- and super-diagonal.

AR(1) and AR(2) are respectively N(0,1) tests for first and second order residual serial
correlation. An asterix indicates significance at the 5% level. Because estimation is in
differences (to eliminate country effects), one should expect negative first order
residual serial correlation with these estimates. GMM instruments:

ax

CjH,..., éj,,_s;max(ln 95 ,0),...,max(1n qji_S,O);ln qﬁ,...,ln 9. s>
IPG, ,,...,IPG _;;WTG, ,,...WTG, .

t-52 t
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Table A6
Growth Estimation Sample

Obser- | Initial Final
Vations! Year Year R’
Bangladesh 19 1983 2001 -1.346
Benin 19 1983 2001 0.095
Bhutan 19 1983 2001 -1.559
Bolivia 19 1983 2001 0.079
Burkina Faso 19 1983 2001 0.058
Burundi 2 2000 2001 -0.124
Cameroon 9 1992 2000 0.033
Congo, Dem. Rep. 18 1983 2000 0.118
Congo, Rep. 18 1983 2000 0.236
Dominica 14 1988 2001 -0.124
Ghana 19 1983 2001 -0.121
Haiti 10 1992 2001 0.225
Honduras 13 1988 2000 0.124
India 19 1983 2001 -0.318
Indonesia 19 1983 2001 -0.316
Kenya 17 1983 1999 0.091
Kyrgyz Republic 18 1983 2000 -2.100
Lao PDR 19 1983 2001 -1.121
Madagascar 18 1983 2000 -0.401
Malawi 19 1983 2001 0.142
Mozambique 18 1983 2000 -0.052
Nepal 6 1996 2001 -0.609
Nicaragua 12 1985 1996 0.127
Niger 9 1993 2001 0.245
Nigeria 4 1998 2001 -0.046
Pakistan 15 1983 1997 -0.011
Papua New Guinea 18 1983 2000 0.050
Rwanda 19 1983 2001 -0.107
Senegal 19 1983 2001 0.034
Sierra Leone 19 1983 2001 -0.702
Sri Lanka 19 1983 2001 0.057
St. Lucia 19 1983 2001 0.198
St. Vincent and the Grenadines 2 2000 2001 -1.464
Tanzania 9 1992 2000 -0.126
Uganda 18 1983 2000 -0.586
Vietnam 18 1983 2000 -0.062
Yemen, Rep. 14 1988 2001 0.362
Zambia 19 1983 2001 0.098
Zimbabwe 10 1992 2001 -1.346
Total 599 0.044

The table lists the growth observations used in the pooled OLS

estimation of the specification E reported in Table 4.
The R? coefficient gives the proportionate explanation of annual
changes in the rate of growth explained by the equation.
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Table A7

GMM Estimates of the Supplementary Equations (3) and (4)

. X/'t M/'t
Dependent variable In| — In| —
Y, Y,
Intercent 0.008 -0.002
10 p (4.27) (0.78)
] Koot | g M 0.586 0.552
" Y, )oY, ) (13.9) (11.5)
oy e 8.614
Y20 In q; ,In 4q; - (6.25)
ot g 0.368 -1.950
2 N M (1.62) (2.75)
T 0.641 2.147
L NG (3.99) (1.59)
ex gm = 3.365
Y31 In qj:i1> In 451 - (1.76)
1.049
V4 PG, (4.45) )
c standard error 0.234 0.351
observations 1051 1034
AR(1) N(O,1) -4.52" -5.44"7
AR(2) N(0,1) -0.67 -0.78

¢ statistics in parentheses are based on heteroscedasticity-robust standard errors.
The GMM estimates use a single stage procedure where the weighting matrix has units

on the diagonal and —/% on the principal sub- and super-diagonal.

AR(1) and AR(2) are respectively N(0,1) tests for first and second order residual serial
correlation. A single asterix indicates significance at the 5% level and a double asterix at
the 1% level. Because GMM estimates in differences (to eliminate country effects), one
should expect negative first order residual serial correlation with these estimates.

GMM instruments: /PG,,...,IPG,
indices (lags 0-5).

_s, lagged dependent variable (lags 3-5), price sub-

41




References

Brooks R. et al. (1998). External debt histories of ten low-income developing countries:
lessons from their experience. IMF Working paper 98/72, Washington D.C.

Cashin, P., L. Céspendes, and R. Sahay (2003). “Commodity Currencies.” Finance and
Development . Vol. 40 (1), 45-48.

Cashin, P., L. Cespendes and R. Sahay (2004). Commodity currencies and the real exchange
rate. Journal of Development Economics. Vol. 75, 239-68.

Cashin, P. and C.J. McDermott (2002). The Long-Run Behavior of Commodity Prices: Small
Trends and Big Volatility. IMF Staff Paper, Vol. 49, No.2.

Chauvet and Guillaumont (2001). Aid and Performance: A Reassessment. Journal of
Development Studies. Vol. 37.

Collier, P. and J.Dehn (2001). Aid, Shocks, and Growth. World Bank Working Paper 2688.

Collier, P. and J.W. Gunning (1996). Policy towards commodity shocks in developing
countries. IMF Working Paper, 84, Washington, D.C., IMF.

Combes and Guillaumont (2002). Commodity price volatility, vulnerability and development.
Development Policy Review. Vol. 20(1), 25-40.

Deaton, A., and R. 1. Miller (1995). International commodity prices, macroeconomic
performance, and politics in sub-Saharan Africa. Princeton Studies in International Finance,

No. 79.

Dehn, J. (2004). The effects on growth of commodity price uncertainty and shocks. Journal of
African Economies.

Dehn, J., C.L. Gilbert and P. Varangis (2004). Commodity price variability. In B. Pinto ed.,
Volatility and its consequences for crises and growth: a handbook for practitioners,
Washington, D.C., World Bank.

Easterly, W. (2003). The elusive quest for growth. Cambridge (Mass.), MIT Press.

Edwards, S. (2001). Does the current account matter? NBER Working Paper 8275.

Edwards, S. (2003). Debt relief and the current account: an analysis of the HIPC Initiative.
World Economy, 26, 513-31.

Efron, B., and R.J. Tibshirani (1993). An introduction to the bootstrap. London, Chapman
and Hall.

Gilbert, C.L. (1987). International commodity agreements: design and performance. World
Development, 15, 591-616.

42



Gilbert, C.L. (1996). International commodity agreements: an obituary notice. World
Development, 24, 1-19.

Gilbert, C.L. (2004). Trends and volatility in agricultural commodity prices. Paper presented
at the Symposium on State of Research and Future Directions in Agricultural Commodity
Markets and Trade, FAO, Rome, December 2003.

Gilbert, C.L. and A. Tabova (2003). Realignment of debt service obligations and ability to
pay in concessional lending, http://www.worldbank.org/hipc/progress-to-date/Debt
Sustainability

Gilbert, C.L. and A. Tabova (2004). Commodity Prices and Debt Sustainability, Discussion
Paper 4, Economia, University of Trento.

Grilli, E.R., and M.C. Yang (1988). Primary commodity prices, manufactured good prices
and the terms of trade of developing countries: What the long run shows. World Bank
Economic Review. Vol. 2, 1-47

Hausmann, R. and R. Rigobon (2003). IDA in UF: On the benefits of changing the currency
denomination of concessional lending to low-income countries,
http://www.worldbank.org/hipc/progress-to-date/DebtSustainability

IMF (2003). Fund Assistance to Countries Facing Exogenous Shocks. Policy Development
and Review Department, Washington, DC.

IMF and IDA (2002). “Heavily Indebted Poor Countries (HIPC) initiative: status of
implementation”. IMF and IDA, Washington DC, IMF and World Bank.
http://www.worldbank.org/hipc/progress-to-date/Final Full Revised Status of Implementation.pdf

Jorion, P. (1997). Value at Risk. New York, McGraw-Hill.

Kraay, A., and V. Nehru (2003). “When is external debt sustainable?”. Washington DC,
World Bank. http://www.worldbank.org/hipc/KraayNehruDebtSustainability 10-16-03.pdf

Lim D. (1987). Ability of the IMF-CFF to stabilize export earnings. Journal of World Trade
Law. Vol. 21, 91-5.

Lim D. (1991). Export instability and compensatory financing. London, Routledge.
Lipsey, R.E. (1994). Quality change and other influences on measures of export prices of

manufactured goods, World Bank, International Economics Department, Policy Research
Working Paper # 1348. Washington DC, World Bank.

Sun, Y. (2004). External debt sustainability in HIPC completion point countries. IMF
Working Paper 04/160. Washington D.C., IMF.

Tabova, A. (2004). On the feasibility and desirability of GDP-indexed concessional lending.
Background paper. Washington D.C., World Bank.

43



Tabova, A. (2005). Exports Compensatory Arrangements: History, Evaluation, and Current
Developments. Background paper. Washington D.C., World Bank.

Vostroknutova, E. (2005). Concessional loans indexed to GDP growth: costs, benefits, and
international risk sharing. Background paper. Washington D.C., World Bank.

Vostroknutova, E. and S. Y1 (2005). On costs and benefits of indexing concessional loans to
low income countries on the changes in real exchange rates. Background paper. Washington
D.C., World Bank.

World Bank and IMF (2001). The challenge of maintaining long term external debt
sustainability. Washington, DC, World Bank and IMF.

World Bank (2003). Exogenous shocks in low income countries: economic policy issues and
the role of the international community. A technical paper, November 2003.

World Bank (2005). Managing the Debt Risk of Exogenous Shocks in Low Income
Countries. Washington D.C., World Bank.

44



Elenco dei papers del Dipartimento di Economia

2000.1 A two-sector model of the effects of wage compression on
unemployment and industry distribution of employment, by Luigi Bonatti

2000.2 From Kuwait to Kosovo: What have we learned? Reflections on
globalization and peace, by Roberto Tamborini

2000.3 Metodo e valutazione in economia. Dall’apriorismo a Friedman , by
Matteo Motterlini

2000.4 Under tertiarisation and unemployment. by Maurizio Pugno

2001.1 Growth and Monetary Rules in a Model with Competitive Labor
Markets, by Luigi Bonatti.

2001.2 Profit Versus Non-Profit Firms in the Service Sector: an Analysis of
the Employment and Welfare Implications, by Luigi Bonatti, Carlo
Borzaga and Luigi Mittone.

2001.3 Statistical Economic Approach to Mixed Stock-Flows Dynamic
Models in Macroeconomics, by Bernardo Maggi and Giuseppe Espa.

2001.4 The monetary transmission mechanism in Italy: The credit channel
and a missing ring, by Riccardo Fiorentini and Roberto Tamborini.

2001.5 Vat evasion: an experimental approach, by Luigi Mittone

2001.6 Decomposability and Modularity of Economic Interactions, by Luigi
Marengo, Corrado Pasquali and Marco Valente.

2001.7 Unbalanced Growth and Women’s Homework, by Maurizio Pugno

2002.1 The Underground Economy and the Underdevelopment Trap, by
Maria Rosaria Carillo and Maurizio Pugno.

2002.2 Interregional Income Redistribution and Convergence in a Model
with Perfect Capital Mobility and Unionized Labor Markets, by Luigi
Bonatti.

2002.3 Firms” bankruptcy and turnover in a macroeconomy, by Marco Bee,
Giuseppe Espa and Roberto Tamborini.

2002.4 One “monetary giant” with many “fiscal dwarfs”: the efficiency of
macroeconomic stabilization policies in the European Monetary Union, by
Roberto Tamborini.

2002.5 The Boom that never was? Latin American Loans in London 1822-
1825, by Giorgio Fodor.



2002.6 L’economia senza banditore di Axel Leijonhufoud: le ‘forze oscure
del tempo e dell’ignoranza’ e la complessita del coordinamento, by Elisabetta
De Antoni.

2002.7 Why is Trade between the European Union and the Transition
Economies Vertical?, by Hubert Gabrisch and Maria Luigia Segnana.

2003.1 The service paradox and endogenous economic gorwth, by Maurizio
Pugno.

2003.2 Mappe di probabilita di sito archeologico: un passo avanti, di
Giuseppe Espa, Roberto Benedetti, Anna De Meo e Salvatore Espa.

(Probability maps of archaeological site location: one step beyond, by
Giuseppe Espa, Roberto Benedetti, Anna De Meo and Salvatore Espa).

2003.3 The Long Swings in Economic Understianding, by Axel
Leijonhufvud.

2003.4 Dinamica strutturale e occupazione nei servizi, di Giulia Felice.

2003.5 The Desirable Organizational Structure for Evolutionary Firms in
Static Landscapes, by Nicolds Garrido.

2003.6 The Financial Markets and Wealth Effects on Consumption An
Experimental Analysis, by Matteo Ploner.

2003.7 Essays on Computable Economics, Methodology and the Philosophy
of Science, by Kumaraswamy Velupillai.

2003.8 Economics and the Complexity Vision: Chimerical Partners or
Elysian Adventurers?, by Kumaraswamy Velupillai.

2003.9 Contratto d’area cooperativo contro il rischio sistemico di produzione
in agricoltura, di Luciano Pilati e Vasco Boatto.

2003.10 II contratto della docenza universitaria. Un problema multi-tasking,
di Roberto Tamborini.

2004.1 Razionalita e motivazioni affettive: nuove idee dalla neurobiologia e
psichiatria per la teoria economica? di Maurizio Pugno.

(Rationality and affective motivations: new ideas from neurobiology and
psychiatry for economic theory? by Maurizio Pugno.

2004.2 The economic consequences of Mr. G. W. Bush’s foreign policy. Can
th US afford it? by Roberto Tamborini

2004.3 Fighting Poverty as a Worldwide Goal by Rubens Ricupero

2004.4 Commodity Prices and Debt Sustainability by Christopher L.
Gilbert and Alexandra Tabova



2004.5 A Primer on the Tools and Concepts of Computable Economics by K.
Vela Velupillai

2004.6 The Unreasonable Ineffectiveness of Mathematics in Economics by
Vela K. Velupillai

2004.7 Hicksian Visions and Vignettes on (Non-Linear) Trade Cycle
Theories by Vela K. Velupillai

2004.8 Trade, inequality and pro-poor growth: Two perspectives, one
message? By Gabriella Berloffa and Maria Luigia Segnana

2004.9 Worker involvement in entrepreneurial nonprofit organizations.
Toward a new assessment of workers? Perceived satisfaction and fairness by
Carlo Borzaga and Ermanno Tortia.

2004.10 A Social Contract Account for CSR as Extended Model of Corporate
Governance (Part 1I): Rational Bargaining and Justification by Lorenzo
Sacconi

2004.11 A Social Contract Account for CSR as Extended Model of Corporate
Governance (Part I1): Compliance, Reputation and Reciprocity by Lorenzo
Sacconi

2004.12 A Fuzzy Logic and Default Reasoning Model of Social Norm and
Equilibrium  Selection in Games under Unforeseen Contingencies by
Lorenzo Sacconi and Stefano Moretti

2004.13 The Constitution of the Not-For-Profit Organisation: Reciprocal
Conformity to Morality by Gianluca Grimalda and Lorenzo Sacconi

2005.1 The happiness paradox: a formal explanation from psycho-economics
by Maurizio Pugno

2005.2 Euro Bonds: in Search of Financial Spillovers by Stefano Schiavo

2005.3 On Maximum Likelihood Estimation of Operational Loss
Distributions by Marco Bee

2005.4 An enclave-led model growth: the structural problem of informality
persistence in Latin America by Mario Cimoli, Annalisa Primi and
Maurizio Pugno

2005.5 A tree-based approach to forming strata in multipurpose business
surveys, Roberto Benedetti, Giuseppe Espa and Giovanni Lafratta.

2005.6 Price Discovery in the Aluminium Market by Isabel Figuerola-
Ferretti and Christopher L. Gilbert.



2005.7 How is Futures Trading Affected by the Move to a Computerized
Trading System? Lessons from the LIFFE FTSE 100 Contract by
Christopher L. Gilbert and Herbert A. Rijken.

2005.8 Can We Link Concessional Debt Service to Commodity Prices? By
Christopher L. Gilbert and Alexandra Tabova



PUBBLICAZIONE REGISTRATA PRESSO IL TRIBUNALE DI TRENTO



