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ABSTRACT

This paper shows how a dynamic multisector equilibrium model can be
formulated to be able to analyze the optimal borrowing policy of a developing
country. It also describes how a non-linear programming rodel with the
proposed features was constructed for Brazil, and discusses the optinal
solution of a base case scenario for the economy in the next 20 years. The
sensitivity analysis emphasizes the rasponée of the model to different
interest rates on foreign borrowing, alternative export ekpanaion and imports
requirenenta acenérios, and different hypothesis with respect to future
petroleum prices and domestic petroleum production. The main conclusion is
that the optinmal long run borrowing policy for Brazil is quite sensitive to
the expected future interest rates, and may be different from some myopic
strategies which are currently being suggested to handle the developing
countries’ foreign debt problems. The other important conclusion is that in
the less favorable scenarios - protecticnist foreign anvironrent or higher
petroleun brices - it is not optimal to postpone the required domestic
adjustments by increased foreign borroﬁing. The usefulness of the nodal is
not restricted to this set of simulations, since it can be readily adapted to
address related issues such as foreign trade, investment and indirect taxation

policias.
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.1. INTRODUCTION

In the wake of the recent international financial crisis, the need was
folt to address soveral interconnscted gquestions of long-range nacroeconomnic
planning in Brazil. They are mainly related to government policy with respect
to the foreign debt, the trade balance, and the intersectoral allocation of
investment. The choica between high'and low foreign indebtednessg will have
to be nade in a context where borrowing is costly and can only be avoided by
generating large trade surpluses which conatrain the growth of domestic cutput
and consumption. Efforts designed to generate these surpluses through reduced
imports and increased exports Qill afféct the sizé and sectoral composition of
ogtput, require shifts in the allocation of éapital and laber in the seconomny,
and lead-to adjustments in the investment’patterns.

These issues can be taken into account in an economy-wide dynamic
optinization model, which can be specified to be able to e;aluate the'suvingsj
consumption trudeoff, and include the rastrzctlons in the foreign accounts and
in tha factor availabilities. The activxty levels and capital stock in each
sactor, as well as the trade balance and net borrowing ragquirements can be
calculated endogenously to maximize some specified utility function, which
insures that the solution of the model has the desirable efficiency
propertiea. |

Planning models with similar ob;ectivés have baen.spacified and
implemented for a number of countries, as surveyed by ?uylor {19751, and more
rocently by Dervis, de Melo and Royinson {1982). The rodel described in this
puper is similar in some respects to the one built by Blitzer and Eckaus

[1983) for Mexico, but emphasizes the aspects that seemed most relevant for
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the analysis of the Brazilian situationl. . Tﬁe innovations of the nodel
proposad here are a rather detailed representatiqn of the foreign debt
dynanios, the liborsl uss of non-linesr rolationships in thg utility function
and in the interest rate calculations, and a novel specification of the
terminal ubility term, all in the quest of attaining nmore realism in the
intertewporal choice aspecta of the problen.

Several economy-wide equilibrium models have been builf for Brazil in

tha past, but none stressed the foreign debt problem and the intertemporal

choloe issues associatod with it. Lysy and Taylor [1980) used a Johansen-type

rodel to analyze income distribution issues in yhe *70a, with m.m@dium-run
per&p@ctive; Their nodel incbrporutea a <etailed input-output rupresentation
of the productive sector, but does not include any formal utility
naximization. HNodiano [1983) linked & process representation of the energy
system with 8 detalled economstric model of the rest of the econony, in a
nodel wharé the murket equilibrium for energy goods is found by naximizing
consurers’ plus producers’ surplus. That model is solved forward in time,
without dynamic optimization, and does not include a disaggraeguted
represontation of the intersectoral flows, as the one here. MNcCarthy [1983)
has built a qon"mptimizing model for idéntity-bﬁﬁad nadium-run poligy
evaluation which includes the intersectoral flows, and also attenpts to

acgount for all the financial flows and budget requirements of the several

gchors of the economy.

St s e A i P b Ry iy oy 2 R el Bk PR S g U b

1 The main differences are a more detsiled representation of the borrowing
costs, und the use of a more satisfactory formulation of the terminal
conditions. In addition, the model presented here was solved with a non-
lingar programming algorithm which is apt to provide nore pracise results than
the lincar programming approxiration used in the Mexico nmodel.
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This paper also demonstrates that it’i; now posgible to esasily solve
numerically some of the simpler discrete time non-linear neoclassical optiral
control problems that arise in models of economic growth. Thanks to MINOS, a
progran developed by Murtagh and Saunders [19831, optimization packages are
now capable of handling a sizeable nunber of non-linear relationships, both in
the objective function and in the restrictions (the latter at a somewhat
higher cost), liberating the empirical model builder from the straight-jacket
of linear programﬁing or the purely static equilibrium models.

The plan of the psper is as follows. The next section presents the
nodeal formu%ation, addressing some of the possible extensions, Section 3
describes very briefly soms ;specta of the inmplementation, while section 4
presenﬁa the "base case" solution. BSection 5 contains the sensitivity
analysis, with the discussion of the main issues the model was meant to

address. The conclusion is in section 6.

2. WODEL FORMULATION

Intertemporal choice problems can be treated consistently in the dynamic

general equilibrium framework of optimal growth models. These can be extended

by including foreign debt as another state variable, allowing the analysis of .

the joint determination of the time paths of savings, consumption and
borrowing that maximize the diascounted value of the strean of utility from
future consumption. Two approaches can be used to analyze econonies nodelled
in this way. One, taken by Blanchard [1983], is to wofk in continuous time
and employ optimal control methode to derive snalytically the systen of
differentisl equations to be satisfied by the optimal pathz. The other, which

is pursued here, is to solve numerically a discrete-tine approximation to the
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original maximization problem. The tradeoffs are cloar: the first allows a
rore systematic exploration of the underlying properties of the systen, while
the second permits the use of a more detailed nultisectoral representation of
the actual econony, The analytical approach does nat render nqmerical
optinization useless, because it turng out that the paths of the variwbles

will in general depend very much on the initial conditions of the dynanic

systemr, while on the other hand, the analytical sclution is indispensable as a

benchmark when inﬁlementing an, empirical model. In short, the two approaches
are highly complenentary.

Tha dizcrate-time multisectoral model spemifiedlbelow chooses variables
in each period such as sectoral production, sectorsal investront, sectoral
imports and exports, foreign borrowing, and consumption level and cowmposition,
subject to various constraints. Those ére the material bslances, the forsign
exchange balenca, the labor supply constraint, and the dynsmic equations for
deobt and cepital accumulation?,

The formalization of the main saspaectsg of this programming problem ls in
the next sub-sections, where the notation is- as follows. In the equationas,
the synrbols i and 3 are used as row and column indices for the vectors and
matrices, denoting raespectively goods Qnd producing sectors. The paraneters
are gmnerally danoted by lower-case letters, and exngenous variables by
capitol letters with bars under then. fhe indexes t and g donote time
éario@ﬁ, all of length n years, and all the variables are specified in yoearly
terns., Metrix multiplication and internal products aré denoted respectively
by & stay and a vdot between the two arvaya.

B A L L LA L P R L A AR 4t B A WAL B2 R

2 Borrowing itself is not constrained, nor is the savings rate, since the
rode) chooses these levels based on Gonpuring costs and benefits at the
nargin.
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2.1. Objective Function

The existence of a representative consumer is assumea. and the objective
function of the planning problen is composed of two elements! the sum over the
plen horizon of the Fotal utility in each period properly discounted (at a
rate &), plus the discounted value of post-terminal utility. The yearly
utility (Ug) and the terminal utility are specified in per-capita terms, and

are multiplied by population (Ny) to obtain total weslfare.

-t ~T
(1) W= Et (1+8) n N Ut + (1+5) ET v

ot

As discussed in section 2.6, the post-terminal per-éapitu utility‘(V)
includes a penalty for the accurulated foreign debt, and & pfemium for the
level of capital stock3, which exist at the end of ths last period. It
compensates for the trungation of the time horizon, assuming a stationary

state provails in the post-terminal period?.

A generalized logarithmic function was adopted to evaluate the utility
of alternative consumption vectors in each period (C¢)9, mainly because it
gives rige to an extended linear expenditure system (ELES), which has often

been used in planning models of this typs to characterize consumer demand®,

- -

. 8 Terminal stocks are not exogenously spscified as in other modsels in this
tradition.

4 The terminal utility term can be interpreted as fulfilling the role of the
primal equilibrium approximation in Svoronos [1983] “sgeezing” algorithm for
infinite horizon convex programs. I thank Alan Manne for pointing this out te
e, :

5 The consumption vector includes non-competing imported comsumption, in
gddition to the several other produced goods. -

6 For a discussion of extended linear expenditure systems and their
application to several countries, see Lluch, Powell and Williams [1977]).
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The paraneters of this per-capita utility function are the vector of narginal
expenditure shares (g) and the vector of mininum levels of consumption of each

good (),
(2) Ut = Ei ey log ¢ ci,t/ ﬂt - qi)

This objective function has several desirable features like, for
example, implying a declining marginal utility of consumption for sach good,
generating a full set of own and croaa‘price elasticities, and internalizing
the gavinga deciasion. For thi; functional form, the elasticity of
substitution of expenditure between two consecutive tine periods is smaller
than unity7; and is increusiﬁg with income level, which is consistent with
empirical evidence regarding consumer demand in developing countries (see
chaptaer 4 in LLuch, Powell and Williams (19771). Rubinstein {1977] has also
offered ; host of arguments why a function of ihis type should be favored in
finance podels for analyzing,intartenporal'choiée, particulerly under

uncartainty.

3.2 Constraints and Technelogy

The description of the technology, the resource constraints, and the
balancing eguations follow the standard multisectoral open-econony dynanic

fornulation (seae, for example, Taylor (19751), A Leontfef gpecification ia

B e i et A o S P P e e S o g Bt L

7 In the limit, when the ratic of the minimum consumption level to actual

consunption for the several goods tends to zero, the overull elasticity of
substitution tends to that of the standard logarithmic function, which is

unity, ' :
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uged to nodel production in each sector®, with four categories of inputs!:
.iptermediate goo&s} non-competitive imports, éapital, and labor.

Only labor employed in the formal market is considered scarce and
included in the formulation, but its supply is not modelled explicitly, being
assumed to grow at an exogenously specified rate., The important problem of
absorbiné the large numbers of self-employed aqd sub-enployed that exist in
the Brazilian informgl labor market is'not addressed here®. As a consequence,
the shadow price of labor in the infcrnal sactor is inplicitly being ssaunred
to be zero, which is an extreme agsumption whicﬁ probably o?erstates the
leverage of capital and formal eaployment.

For the issues addressed in th;s‘papar. the foréign exchange balance
restriction plays a crucial role, allowing thé rodel to endogenously calculate
the borrowing requirements in each period. Competitivé imports are permitted
in the material balances equation, and non-competitive imports are regquired
for domestic production. For simplicity, a linear functioﬁ was adopted to
calculate the export revenues and import expenditures of each sector, but the
axogeﬁoua ¢ee£ors Sf foreign prices can be varied to tracé the economy’s
supply and demand gchedules in various scenarios. MNaximum exports of each
commodity in each period were however specified, implying that the market

nodel underlying the export sector is competitive only up to that exogenous

1imitlo,

A S T . e P Pt e D L G D S A

& Endogenous technological choice in production could have been euasily
included in the model, had the required data been available, by adding colunna

corresponding to the different alternative technologies.

9 Fér 1983, the approximate size of the "informal™ nrarket is 6.9 million rural
and 9.6 million urban workers. This compares with 7.4 million rural and 23.9
million urban workera employed in the formal market in that year.

10 ypfortunately this specification way lead to some degree of “bang-bang”
behavior, in that the model will in general specialize, exporting up to the
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S« Forejgn Borrowing and Debt Service

By making the tina pgth of borrowing endogenous, tha rodel ginulatesa
actual policy choice snd allows the economy to simultanecusly adjust the level
of domestic economic activities and of imports., However, there wmust be
provision for payrent of interest and repayment of principél either bofore or
after the model;a time horizon. A certain fraction of total debt comea due in
aach period, but it can be rolled over by contracting for additional
borrowing, although perhaps at & higher interest rate,

Foraiqn debt is modelled here using a vintage modal in order to properly
account for the effect of the-aituation of the foreign accounts on the total
interest payments. To indicate thié,.let Dg,t ba the debt contracted in

pericd g held at stoart of period t, where the index g runs from 0 to t-1. The

following equetion shows its dynamica, given repayment (R} and borrowing (B)
flowas, asauming that after an initial amount is borrowed in a period, it caﬁ
only be ropaid laterll, Since these are both yearly flows, they are entered
into the debt balance egquation mulliplied by the number of years per periocd,
The second equation bolow defines next year’s debt of one period of age &s

aqual to the sum of the yearly flows of this period’s borrowing.

. [ o am mg

Jimit in the nmore. attractive sectors, and not at all (or only residually) in
the remaining ones. This could have been avoided by ingorporating into the
rodal non-linear export vevenue functions. From the mathematical and
slgorithric point of view this would have been possible,. bubt the functional
spacificationas and estinmates of the relevant parameters were not readily
avallable, so that this extension could not be done relisbly at the moment.

11 The repayment schedule (Ro,t) of initial year debt (Do,1) is knmown, and is
used in the recursion of equatlon (120,
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(3) - Dg,t+1 = fo? all t and O<£gct-~1

(4) Dt,t+1 = n Bt for all t

The repayment schedule on any periocd’s horrowing is assumed to be
exogenously specified, and is independent of the period in which borrowing
oceurs. -This implies that the fraction of the borrowing done in beriod g
which is amortized in a later period t can be calculated as & function (r) of
the difference between these two dates. This simple formulation does not
consider changes in the repayment profile of the debtl2, which ray however be
a natter of policy choice for some countries, In the context of the model
this igsua is better addressed through sensitivity analysis, since changes in

the naturity are usuelly associsted with changes in the interest rates.

1$-2) R e r

gt B for all g and t
’ .

t-g ¢

In order to calculate the interast cost, this model recognizes that a
large fraction of the debt contracted in the international financial market by
developing countries accrues interest on the basis of a floating rate (i.e.
LIBOR) plus a spread, which supposedly reflects the country-specific risk. The
debt of developing countries also usually has a fixed rate component ‘
associated with loang by foreign governments and official institutions,
ggmetimaa in preferential terms. 3ince the likelihood of ln}ge interest

subsidies to Brazil through fixed-rate loans in the future is small, it was

W S e Pl i . ke e e e e tham T S O S O

12 This is true except for the changes that occur as & result of the gradual
shift from the repayment profile of the initial debt to the one implied by the
application of the repayment function epecified above to future borrowing. To-
the axtent that the function r is derived from the forecast repayment streanm
~on initial debt, thia change ia asmall.
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assumed that all of the debt is subject to the floating scheme. This is
however only a simplification, since the model can be easily extended to allow
for this other type of debt.

As with all other variables in this model, interest payments are
calculated in real terms, excluding the effects of inflation of the currency
in whigh the debt iz denominated. If repayments for actual.borrowing are
given in nominal terms, higher inflation in the lending country decreases the
real valuel® of the debt at any point in time. This effect of foreign
inflation can be simulatead in the model considering a fa@tér repaynent
schadule on the real debt. |

Therefore, in any given year, interest payments on total debt have two
componénts: the first‘is proportional to the)real interest rate, which is
exogenous and can change each period, and the second is a function of the
gpread rates contracted for in previous borrowing, which is fixed for the life
of the loan. As shown in equation (15), the effectiQe interest rats on debt

is the sum of the real interest rate (h) and the endogenous spread rate (3H):

(6) H ® (ht + SHg) D for all t and g

gt g,t

It was agsumed hers that thess spread rates are a stationary linear
function (with slope «), of the ratio of annual borrowing te an index of real
income. Thia index is approximated by adding the sectoral value added, each

calculated as the product of gross output and the initial year shares (a

veoctor varld,

13 j.e. deflated by price index of the currency of demomination.

14 Income oe such is not available in the prinmal of model, since it depends on -

“the shadow prices of the several goods. ‘Howaver, the index of gross domrestic
product at base yesr prices, which is used above, can alwaye be constructed.
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(7 SHt = Bt / Yt,) for all t

The rationale underlying equation (7) is the standard Capital Asset
Pricing Model (CAPM} for financial marketsld, coupled with the assumption that
.higher values of gross borrowing (relative to income) are perceived by lenders
as signals of higher volatility of future rsturns on their loans. This
suggeste that the spread rate contracted for loans taken out in a given year
should be a function of the gross level of borrowing in that sane year.

This formulation is cast in a long run perspective, and is offered only
a8 a reasonahle wgy to look st the cost of Eurobond funds from the borrower’s
point-of-view, and not as an analysis of tﬁe rational detérmination of spread
rataes in that market. Note alse that this formulation sllows the country to
act somaevhat like a monopsonist, since at the optimal solution the nrarginal
costs of foreign borrowing are eguated with its merginal productivity.

Alternative explanatory variables for the spread rate function were
considered (ses Tourinholl®asSbhbl), but the one adopted was preferred both due
to its proPerﬁiea and satisfactory empirical fit. The use of net borrowing,
instead of gross borrowing, in the sprésd rate function was avoided because
the several equations that were estimated invelving that varisble had poor
statistical results. This negative resuit can be rationalized if in the
Eurobond market the lending decision is evaluated independently of the
‘rapaynants of previous borrowing, which would be the case if in each period
the lenders were not forced to refinance past loans, as seemed to happen until

a fow years ago.

13 1t states that securities with higher undiversifiable risk must command 2
higher interest premium over the riskless rate than the ones with lower risk.
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The use of a specification involving debt as an explanatory variable for
eech period’s spread was avoided because, being stock variable, debt is apt to
change only slowly and not capture the dynamics of the rate if, for example,
borrowing were drastically raeduced. The debt service to export ratio, which
is also a natural explanatory variable and doas not suffer from this
criticienm, was abandoned because of an unsatisfactory empifical fit. However,
an eqguation using the debt to income ratio as the independent variable fitted
well the data, and wae used to.calculate the spread rate in the post-terminal

period, and in the senasitivity analysaias,

2.6. Terainal Stocks and Post-ferpinal Utility.

Assuming that & stationary state prevails in the post-terminal period,
the expression for the per-capita infinite horizon spproximation term (V) can
be derived by calculating the indirect utility function associated with the
utility function in (1) and (2) at the terminal daté. Aa in wquation (8), it
can be written as §-1 times a generalized logarithmic function of terminal
incomne, with total minimum expenditure ogual to the sum of the mininun
expenditures on the several goods (xj in (2))16, The intuition is clear: it
is the present value of en infinite atfeam of aingle-pericd stationary utility
(hence the teran $~1) afforded by the supernumerary inconme flow.

The total terminsl income is the Qum of the lebor income, plus the
;aturn (et a rate g) on the sccumulated capit#l stock (KT), léss the interest

coct of terminal debt (DT). The terminal lubor income (YI) and the yearly

i A Y P S e S A S e B U 100t B i Y A Y e P

16 1t is a bit tedious to show this. To do it, substitute the linear demand
functions of ELES back into the objective, and integrate by poarts.
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return on terminal cupital stock (p) are considered here to be exogenous, but
can be eatimatadlcn the basis of some prelimrinary runs. This exogeneity was
naintained to avoid complicating too much the shadow-price structure of the
nodel, Letting NT denote the population at the end of the last period, and
recalling that V was specified in per-capita terms, the following equation

displays the cxpression for the per-capita terminal utility.

(8) V=gt log (YT + ¢ KT - HD) / NT - E; 4,1

The interest paywment on the terminal dab;hin the equaﬂion above (HT} ise
calculated in (9), where the interest rate is assumed to be egual to the rasal
LIBOR plus a spread rete which is ca;cﬁlatad 88 a 1in§ar function (with slope
¢) of the size of total debt relative to the index of real inconre defined
praviousiy17. This implies that the Gost of terminal debt, which reduces the

post-terminal supranumerary incore, i& a quadratic function of the debt.,

(9) HT = (hy + ¢ ¢ DT / Y11 DT

The model was applied to Brazil with a horizon covering twanty-four
years from 1984 to 2008, which is divided into 6 perlods of 4 years.
Endogenous varisbles snd balances are estimsted at the beginning of each

period. The last period ends in 2008, the date at whicﬁ the terminal

- ———— -~ -

17 The comments mado in connection with eguation (16) also apply here, in
analogous form. FEquation (24) also has a satisfactory empirical fit for the
Brazilian data. : .
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condition term of the objective function is evaluated.l8. The confidence that
ie accorded to the results for the last periods should take into account the
fact that some parameters of the real economy, which éorrespond to
coefficients which are fixed in the model, may change over such a long time
span. The economy ig divided into nine producing sectors: (1) agriculture,
(2 _agro-processing, (3) construction, (4} manufacturing of capital goods,
(5) other manufacturing, (6) petroleum, (7} utilities (electricity, water,
gas), (8) transport and communication, (9) services.

The rodel was implemented with the use of the GAMS matrix generator and
solved by the non-linear programming package HINOS1S. It has 7 non-linear
equationa, and its coefficients matrix haa‘350 rovs, 484 éolunns and 1665 non-
zero elements. At the optimum, 48 non-linear variables are éuper—basic?o.

It chould be emphasized that HINOS 5.0, being a non-linear programming
package, cannot in general reach exact optimal solutions. Rather, it stops at
an approximate optinal solutiqp whare the reduced gradient ig zero up to sone
very smnall tolerance. The algorithm was always able to converée to the
optimal-so%ution, as long ag the kay paranetérs {disccunt reate, LIBOR rate,

atc.) were in the range where the behavior of the dynamic system underlying

18 Tha accuracy of the infinite horizon approximation, evaluated by of
extending the model to a larger number of periods, is discussed in the next
section

19 For an introduction to these programs, see respectively Kendrick and
Hoaraus . [1983), and Murtagh and Saunders [19831, The author wishea to thank
Sethu Palaniappan for providing several hints on how to implemant the model in
the GAMS language. '

20 solution time from a “cbld start” on a CYBER machine was 17 seconds, but

the model can be.run in an IBM PC with 640k and numeric co-processur in about

4 houra. The model was developed using the mainframe version of the software
bacausa of its faster turn-around time.
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the progrumming model was stable. On non-stable paths it failed in sone

instances to find a solution with the specified precision.

3.1 Data base constructionZl

Most of the data for implementing the model can be inferred from the
intersectoral traqaactiona and final demands table for 1983 (Appendix &),
wvhich was constructed by updating the set of preliminary tables for 1975
obtained from the Brazilien statistics institute (IBGE)22, The units for all
the commodities and factors in the model are consistent with this table and
arae defined as thalqumntities thaet could be bought with one CR# billion in
1983. Ieplicit in this definition js the ﬂypothesis that:the aggregation
within each sector is on the basis of initial year prices. The other
inportant data items for the model are shown in Teble 3.1 and wero obtained as
follows.

The pararoters of the utility function (the vectors g and «) were
calculated by constraining the linear expenditure asystem to reproduce the 1975
consumptioq véctor, and using the income elasticities estimated by Williamson
and MoCarthy [19811, These values imply on overall elasticity of substitution
equal‘to 0.54 in 1983. The discount rate of 4% used in the utility function

is consistent, given the marginal savings rate of .84 implied by the a's of

e

e e

21 Tho construction of the database for the model is described more fully in
Tourinho [1985b1.

22 ynfortunately it was not feasible, given the time available for the data
colloction, to simultsnecusly maintain the consistency of the 1975 table and
attain an exact corrvespondenca with the national sccounts aggregates for 1983.
Tha GNP in the updated table is 10% smeller than the value in the accountsa, in
part baocause a sizesble discrepancy already ewisted in the 1975 table.
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Teble 3.1, with an average net real veﬁrly return on personal savings of DX,
- This value is qdite reasonable, given that thg real coupﬁn rate on indexed
pagshook savings in Brazil is 6%,

The capital-output and labor-output coefficients were derived from the
réspective factor shares making use of some depreciustion and profit rates data

contained in Lysy and Taylor [1980]23,

» Table 3.1
Paruneters of utility and production functions
ﬂﬁﬁ:ﬂ::==ﬁ=====$'.====_==’==S!l========z=?==3=3‘-‘3============H=====#2==3===:’=======
Marginal HMinimum  Capital Daprae- Labor
consump. /total /gross ciation /gross
shares consump., output {yearly) output
SECTORS/G0O0DS (%) 1983 (%) ratio %) ratio
Symbola & (xi/eil
Agriculture - 2.41 70.8 2.600 1.6 0.1340
Agro-processing 7.63 70.8 1.520 3.7 0.,0504
Construction - - .0.572 4.2 0.1607
Man. capital goods 5.01 28,4 1,082 4,0 0.0845
Man. other goods 16.46 30,2 1.278 3.6 00,0784
Patroleun 3,97 42,9 2.075 3.6 0.0241
Utilities 2,72 25.4 3.556 3.4 0.1866
Transport & commun. 7.09 22,6 0.9385 4.5 0.2470
Services 37.72 - 46.8 2,354 3.9 0.1923
Non~compet. imports 0.79 92.0 - - -
Average S 1.769 0,1226

RSN N NN S N N S R NN S S T S NN T N T N AR S N e N RN N R R SRR N RS R E g T

- e s oo

23 A warning is in order about the reliability of the data. Primary data on
sectoral capital-outpul coefficients was not gvailable, so they had to be
estinated indirectly as described in the text. Very little information about
the marginal investmant shares matrix (b) exists in Brazil, 50 it had to be
constructed piecing together information from several sources, and does not
have much hard data to support it. A properly estimated linesar expenditurs
systen wos also not available, but the elasticities that were used are not
expocted to be very fur from the correct ones. [Finally, the possibility that
any of these parametors may not be stable through time may compound any errors
in the ostimation. Since no major data collection effort could be made for
this project, we had to do our best with the data on hand, but it must be
emphasized that further work to validate these coefficients i8 necessary.
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The slope of the function used to calculute the spread rate in each
period (equation (16)) and of the post-terminal intsrest cést function
(equation (24)) are respectively « = 29.69 and ¢ = 5.26, with the spread rate

.in percantage points. They were obtained f?om an analysis, using simple
linear ragression24; of the real lending rates for Brazil in the Eurcbond
market batween 1974 and 1984, It was assumed that these behavioral relations
will continue to hold in the future, in spite of the fact that there ia no g
priori roason why this should be so. If the instituticnal arrangements for
borrowing by developing countries change in the future, new rules to determine
the interest cost of debt will huve to be included into tﬁe rodel.

The yesrly rate of growth of population and labor force vere assured to
be 2.5% and 3% respectively, consistently with historical behavior and gonma
recent projections dona in Brazil., The rate of lahor-augmenting technicsl
progreas was agsumed to be 2% yearly.

Government expenditures are assumed to grow at the same rate ag
population gréwth, which implies thay are inelastic with respect to por~capita
income. Thig is not the usual assumption in models for Brazil, but this

paranetor can bo easily varied to check the sensitivity of the solution to

1623,

B A Bk 4 R . S e e i e Y P A B A

24 The R? for the twe equations were respectively .47 and .30 and both
coefficionts 4re significant at the SX level.

23 variations in the growth rate of government expenditures in the reasonable

range are not gxpected to have any impnocl on tho conclusions of the
- senaitivity anglvala of aection 5.
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For the base case scenario?6, the following ad-hoc assumptions were made
with regards to the values of the remaining parameters. The real LIBOR rate
stabilizes at 5% yearly, slightly lower than the currént levei, and does not
return to the very low levels of the early ‘70s. The maximum yearly growth
rate of ugricultural_und manufactured exports is equal to 5% and 10%
fespectivaly. envicioning an yearly rate of increase of interriational commerce
of 9% and market share increases for Brazilian ﬁunufactuied goods. It is
assumned that domestic petroleum production stabilizes at a level of 600
thousand bbl/day in accordance with receﬁt forecasts, but that the gross
output of the sector expands only to incorporate the value of the increased
production., This implies a rathér extroms assumption thué the refining sub-
sector does not expand above its base-year capacity, and that in the medium
and long term the demand increases are supplied with imports of refined
products?’?. The terms of trade are assumed stable at the 1983 level.
Sensitivity analysis with respect to these parameters is shown in section 5.

Finally, due to the difficulties with finding a disaggregated estimate
of capacity uéilization appropriste to tﬁe franawork of the model, full-
enploynant was assumed to pravail in 1983, in spite of the fact that it was a
recession year. In addition, since éyclical departures from full amployment
are.difficult to handle in models of thi; type, experinents were not made to

- verify whether the inclusion of slacks in the raesource constraints for the

- -

26 It cannot be emphasized encugh that thess are only scenharios for paraneters
whose future evolution we know very little about, and are not projections of
the most likely course of events.

27 This may not have baan a very good assumption, but it is not completely

unreasonable aconomically in light of the large increases in Hiddle-Eaatern
refining capacity which are scheduled to occur in the next few years.
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initial period would lead to reasonable results. This assumption however doss

not sesm to be overly problematic for the long-run calculations for which this

rodel is suitable.

2,2 The adiustment of the termipal utilitvy parameters

Thu pust~termiﬁal net return on capital () had to be estinated by
insuring that the-Rumsey equation be satisfied at the beyinning of the nodel’s
post-~terminal period. It can be shown}sﬁ simplified version of a similar
model, that the sguilibrium condition reduces to expression (10328, yhera the
rate of decline of the per-capita marginal utility can be approximated locally
by the rate of inéreaae of per-capita consumption divided by the overall

elasticity of substitution.

marginsl rata utility rate of decline
{107 of capital = idiscounti + jof per-capita
preductivity rate marginal utility

Rgcall that the bass-case discount rate (§) is 4%, and note that the
raximum sustainable post-terminal rate of growth of per-capita consumption is
the sum of ‘the rata of labor-augnenting tachniéal progress (2%) plus the rate
of increase in the labor market participation rate (0.5%), The elasticity of
substitution in the extended linear expenditure system, given the growth rates
assumed above for population and per-capita income, would average about 0.66
during the planning pericd. Therefors, the approxirate rate of decline of the
Apar~capitu marginal utility is 3.8%, and the discrete-time estirate of the

raturn on capital for the post-terminal period {9) is 8.0%,

A A M S L4 i v R St S U IS Bk ok b ey e (0

28 Note the absence of the population growth rate from (i€), due to the fact
that in the objective function (1) the maximand is the sum of utility across
all individuala. .
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The pos-terminal yearly net labor income, whose major role is to
deternine the slope of the terminal condition term in the utility function,
was fixed at Cr& 240 trillion (of 1983), assuming an éverage growth of per-
capita income of 2.5% during the plan period,

' Given these valuess for 5, p and YT, tha initial runs (see the hage case
in the next seetiqn for an example) showed that the econdmy managed to attain
an averall yearly growth rate of about 5%, Towards the last pericd of thg
nodel, the gross marginal productivity of capital was seen to be close to 12X%,
implying & net return of 8.2%, given that the average depreciation rate is
2.8%. The rate of decrease of the gggregate marginal utility also was very
close to the predicted valus of 6,.5%, which was culculnteé by adding thé rate
of population growth to the rate of decrease of per-capits mnarginal utility.

The sensitivity analysis with regpect to the net return on capital (p?
in the neighbourhood of 8% showed that the value 8.2% produces, for the range
of simulations reported here, a smooth path for censumption, inveestment and
borrowing. The latter value was then adopted for subseguent runs of the
nodel. |

The valueg for thease indirectly egtimated parametera were held constant
in all the simulations reported in the next sections, in spite of the fact
that in some cases some fine-tuning woula had been in order.

The existence of a convex function for the cost of foreign borrowing
‘generates another equilibrium condition for the rodel, which requires that the
narginal return on éapital be equal to the marginal cost of debt. This allows

us to calculate the approximate value of the post-terminal debt to income
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ratio?? as heing equal to .2, which is sorewhat smaller thanm the currant .42,
but very clese to the ratio actually chosen by the model for the last periods
of the horizon in these initial runs. This suggests there are no major
inconsistencies between the parameters for the post-~torminal period and the
rest of the modsl.

Exporiments with extending the horizon of the model ﬁo 7. 8 and 10
periudé showsd that the formulation chosen for endogenizing the post-terminal
period leads most'variables to display the correct long-run behavior in the &
period model. However, when the velues for the foreign sector flows in the
last period are compared across the solutions with & and 10 periods,
significaﬁt deoviations were observed. They suggest that eguation (B) nay
induce the model to generate a largé trade surplus near the end of the

horizon, in erder for the modsl to ba able to carry an artificially smaller

debt te the post-terminal pariodao.

4 . RESULTS FOR_THE RBASE CASE SCENARIO

Several important csveats are in order before we begin the discussion
of the results. Firat, these solutions sre driven by an optimization
operation performed under conditions of perfect foresight, which implies that
if the godel can calculate that times will be better (or worse) in the futura,

it will make decisions foday which will take that into account. To the extent

.k ok A Bt . Bt A R o 47 S o e S S S L o

2% Note that the slope of (24 is [hyp + 2 (DT/YT) o}, where hy = 9% is the
post-terminal real LIBOR rate and o = 5.26 is the slope of the terminal
epread rate function. ) .

30 ¥his is probably due to the fact the pust-terminal labor incoms is
' axogancusly spocified in this formulation.
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that tha model is a deterministic rEpresentuéion of a world which is agtually
stochastic, the solutions can only be interpreted in a rational expectations
framework with identical penalties for over and under-shooting. Second, the
nodel is normative in nature, so the solution should not be sean as a
forecaat. Third, the behavior of the variables within the periods is supposed
to be smooth, which inplies in particuler that the values for 1984 should he
interpreted as fhose that would produce an optimal path until 1988, rather
then reflecting sﬁart-run cont;ngencies that affected the economy in that

year. Fourth, it is convenient to emphasize that the model’s unit is

constant 1983 CR# billione3l, a fact that is particularly relevant when
looking at the foreign uccouﬁts; where amortization and interest payments nust
be interpreted in real terms, and aﬁcluda the effects of U3 dollar inflation
and exchange rate novements relative to third currencies.

The nain aggregates, all evaluated at iniﬁial yaar prices, are shown in
Table 4.1; It is divided in four parts: the income accounts,. the balance of
paynents, and the statistics for the cupital‘und labor stocks. These ares

discussed in turn below.

e et 8 g e P e Al Ao A e Wl Bl e P B gk e

81 The average exchange rate for 1983 was CRS 577 per USS, according o
“International Financial Statiastica [19841.

INPES, 86/85

(i e | i | S e p i e (e i B §

i T T w I =Y Tarmi



-23-

Table 4.1

Econonric aggregates for base case acenafia
(evaluated at base year prices)

(Crs bil (u3e
of 1983 bill}

A A e A e A GR LB G WE A S e e W R e W P M e e G W

- e wm mit e me e R v T B s i by e o e v B T 4 B4 b A4 b W e e ma A TR S e ome mp e S TR WS B S8 AL e G R M W WA S R T N N M VD e e e e e ey ey G L w0

Gross cutput 207777.8 360.1 1.0 1.206 1.462 1,771 2.145
Gross dom. incong 111319.2 192.9 1.0 1,205 1.46) 1.76G 2.136
Consunption 76631.9 132.8 1.0 1.193 1.464 31.759 2.130
investnent 27392.1 - 47.85 1.0 1.286 1.508 1.831 2.222
Governmant consump. -~ 4652.4 8.1 1.0 1.126 1.267 1.426 1.605
Exports 12927,9 22.4 1.0 1.212 1,704 2.352 3,094
Non~conpat, inports . 5918.7 16.3 1.0 1.206 1.484 1.819 2.244
Total imporis 10284.4 17.8 1.0 1.302 1.826 2.474 3.277
Trade balance 2643.1 4.6 1.0 ©.861 1.226 1.879 2.380
Regist. foreign deht 4638%5.8 €0.4 1.0 1.157 1.391 1.601 1.704
Repaynants 7396.1 13.2 1.0 0.964 0.940 1.284 1.358
Interest 3491.0 6.1 1.0 1.150 1.347 1.486 1.9525
Trangfers 973.7 1.7 1.0 1.000 1,000 1.000 1.000
Currant Account ~1823% .6 ~-3.2 1.0 1.489 1.337 0.656 ¢.004
Borrowing 9417.7 16.3 1.0 1.068 1.017 1.i62 1.0%6

- m e am  a 3 b ey T A det B B P LA T G E WY R TEF G AN T e e e e e e M A M M L LA Sk M AR WS W e R e e o MR T ER RGBS LA 4 L el b SRR 4n n B e Le A T R

Capital stock

a58294.8 620.9

4]
L0 1.277 1.902 1.822 2.214

Capital formation 28946.8 50,2

Fopulution® 131.374 1,0 1.104 1,718 1.345 1,483
Enploymant? 31.999 1.0
::z:.':=.-_"'.:-a=:';znz'.::m:n:.-::':m:::::::::zz-.".zs:z:::::a:===£‘==:=='.':xnz:zm::tzm:z:::::z::x::_

Hotea: * These are the values calculated by the model for 1984.
these variables are in millions of individusls.

Consumpt.ion at the year 2000 is about 2.13 tines the current lovel,

corresponding to an average yvearly growth rate of 4.70%, while gross output

grows slightly faester, at 4.91% per year. Per-capita consunption grows on

average at 2.2% per year, a rate very close to its stesdy-state value equal

the rate of growth of lahor productivity.

The trade surplug stays at gbout U3% 4.3 billion until 1992, and then

grows at 9% per -year. The larger actual surplus in 1984 (U38® 12.9 billion)
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can then almost surely be seen as excessive, from the long-run perspective of
the model32, Accordingly, debt grows at 4% per year until 1996 and then
stabilizes at a level of USS 130 billion.

The current account shows that the inflow of “new” loans (there are no
reserve variations) averages about USS 4.5 billion annually until 1996,
showing that the optimal strategy in this buse case is to feach a situation of
of balanced curfant acoount only toward the end of the horizon. The impact of
raquiring that itvbe equiiibrated bafora then will be analyzed later.

The weighted average of the shadow-prices of the several commodities,
with weightg equal to the shares in the iuitiul‘consuition bundle, is shown in
the last part of the Table 4,2. It is a measure of the marginal utility of
income at the several points in timé,_and is used as a numeraire to calculate
the other prices in the economy. It declines bacause of the time discounting
in the objective function, and bwcause of the joint effect of income growthl
and concavity of the utility funqtion.

Table 4,2

Shadow prices and implicit rates for the base case scenario
(in conaumption unita}

R R R R R N T N T N N S N N s Y N T S S T T I N S R N R T I g N T NS e e
1984 1988 1992 1996 2000

Pricas Consunption 1.000 1,000 1,000 1,000 1,000

Labor 2,334 2.371 2.655 2.705 2.660

Foreign sxchange 1.086 1.027 . 1.027 1.024 1.022
Harginal yearly rate of

capital productivityl 0.168 0.148 0.129 0.125 0.127
Average yearly interest rate :

en foreign. borrowing 0.073 0.075 0,073 0.070 0.067
Rumeraire? 11.700 8.798 6. 306 4.720 3.520
=::a.-.-=-.=u=::::::::::wa:sg::nxz:::a::::=:=====n=za=:&=====xu::::un:::n:ma::::z:aa::

Rota: 1 This rote is gross of depreciation.
2 3se toxt for definition of the numeraire.

T S g e b e T o Yo s e e e e Sy Yoy Ty o S A

82 Recall also it doos not incorporate constraints in the level of borrowing.
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The aggfegata marginal productivity of capital in Table 4.2 is the
average of the sectoral return on investment, in terms of consumption units,
ovar ong yesr. Thaese are calculated as the ratio of the marginal utility of
the rental one unit of cepital in each sactor, and the marginal utility of
consumption., The productivity is declining due to the 1ncfaaaa of the capital
to labor ratio in production. Since at the margin the econemy can increasa
the capital stoak'by purchasing one additional unit of capital abroad, the
lovel of borrowing adjusts so that its marginal interest cost is equal to the
rarginal prqductivity of capital, net of depreciation; The decrease in the
marginal rate, which is followed by & reduction in the average rate shown in
Table 4.2, is accomplished by a redﬁction in gross borrowing, relative to
incowme. .The shadow price of foreign exchange is close to unity in all periods
except the first, indicsting that no real depreciation would be needed to
support the market equilibrium associatad with this solution.

The comparisonlof the time average of normalized shadow prices of
commodities in Table 4.2 with 1983 market prices (unity by definition)
indicates that the only major changes that would be required for efficiency
ara increases of 20% and 30% in the prices of the utilities and transport &
comnunications soctors33. The prices of traded goods tend to ths
international price, the only significaﬁt discrepancy being the price of

agricultural products in the 1984-1988 pericd.

e v —— e

33 1t is also possible but unlikely that this is an indication that the
technological coefficients in production overstated the true costs of thess
sactors. Alternstivaely, this could be signaling the need to have alternative

_production technologiaes in these sectors,
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Table 4.3
Shadow price of commoditiea in the bhasge case
(in consumption unita)

NN N N S I I I T N T N I N I N T T S N I N S P R RN S R R S N R R R SR E RIS R SRR =
Agricul Agropro Constr Man cap Man oth Petro Util Trang  Serv
ture cessing uction goods goods leum ities & comm ices
1984 74 .99 1.17 1,04 1,04 1,09 1,22 1.27 0,97
hverage! .94 1,01 1.09 1.02 1.00 1,02 1,20 1,31 0.95
1 3-2-1-+ 3 F -1 R i 113ttt ittt i ittt it ittt it ittt it ittt i R ]

Note: } arithmetic average of the values from 1988 to 2004

S. SENSITIVITY ANALYSIS

Five seta of sansitivity runs were performed to assess the response of
the nodel to chanqas in the parameters characterizing the-conditions affecting
the foreign sector34, The firsﬁ and second gub-sections trace the changes in
the optimal asolution due to changes in the discount rate and the cost of
foreign borrowing, respectively. The thi?d saction triegs to look at the
effects on the solution of changes in the external markets environment, by
varying the allowed growth of exports. The'foqrth evaluates the iﬁportance of
the peéroléum sactor, by first hypothesizing higher levels of domestic
petroleum production, and then looking at the effect of an increase in
international il prices., The last sub-section attempts to assess the impact
of Altarnative assumptions about the value of\the non—cﬁmpetitiva inports

requirements coefficients.

-— e

34 Noto that since the values for 1984 are calculated in the model, thay
change betwasan the scenarios. '
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It should be clear that this is only & small selection of possiblse 1
sensitivity runs that could be performed, but they will hopefully illustrate
the powar and flexibility of the nodel to analyze in & consistent manner a

range of planning issues, especially those relating to the foreign debt.

I A e SR

S.1 sensitivihy to the discount rate

This section discusses the effects in the solution of alternative
assumptions with respect to the discount rate for utility. Recalling the
discussion in section 3.2, the main dynanic relationship driving the model
ragguires that ulong the optimal path the marginal cost of foreign debt be
equal to the sum of the discount rate and the rate of th@ldacrease of the

narginal utility. -

Since the former ia composed of the resl LIBOR rate plus the marginal

spread rate, and the latter is roughtly constant, increases in the assunred
rate of discount for utility will lead to higher levele of optimal borrowing,
as the spread rate adjusts to satisfy the Euler equation. The optiral
borrowing policy therefore depends essenﬁially on the difference between the
real LIBOR rate and the discount rate, through the marginal cost of borrowing.
This is illustrated by Figure 5.1, which displays the vsriation in the total
foreign debt as § is increased to 5%, 6% and 8%35, while holding the real

LIBOR at the basa case level (5%).

e R U S B o e e e 4t s B i P

35 The roal LIBOR wag hold at 5%. but the post-terminal return on capital (@)
was adjusted to 9,2%, 10.2% and 12.2%, as is requ;red satisfy the Euler
~ equation poat- terminally.
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Figure 5.1

Sensitivity of Debt to Discount Rate

320

USE billlong

T - =" T
1934 . 1988 1992 1956 2000

Year

D 4% + 5% o 6% A B%

The con§ekity introduced in the £ornuldtion of the model by the
endogencus borrowing cost allowed us te avoid having to specify the borrowing
rate to be aqual to the diacount rate. However, the fact that debt at each
point'in tine is sharply 1ncreased35laa the d}ecount rate is raised, shows
that this can lead to unrealistically high marginal spreads. This occurs
because the specification (snd the paramete}a) of the Qorrowing cogt function
in this modal do not imply enough convexity teo campenshte for largae

discrepancies between the two rates.

v oy

36 In fact, with §38% the arbitrary linrit on the terminal foreign debt (USH
435 billion) was reached. .
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The shift in the intertemporal pattern of consumption towards earlier

periods is the counterpart of tha increase in indebtedness, and is illustrated

in Table 5.1.

Table 5.1
Sensitivity of the yearly growth rats in consumption
to changes in the discount rate for utility

B T L T T L L T L LT E TR L E LR PP L L EE L T
.Discount rate 1984/88 '1988/92 1992/96 1996/2000

4% 4,50 5.26 4.70 4.89

S% 4,895 4.92 4.87 4,61

6% 5.06 4.61 4,50 4.64

8% 5.58 4.22 4.02 ¢.61
==ﬂ-—"'"a'uﬁ:'.::::ﬂf-:ﬁ:ﬁ::::f-ﬂﬁﬂﬂﬂﬂ:‘-‘====:3:5========2:::=====3==::===

The massage to be extracted fro# this section is that the gtudy of the
optinal borrowing pelicy in the model shoﬁld center on the results of the
sensitivity analysis, as is done in ﬁha following sections. The specific
valuas for the foreign sector variables iéﬁﬁasa case solution have to be taken
with a grain of salt, because they aré very dependent on the difference
betwegn the d;acount rate for utility, which is unobservable, and the future
interest rﬁte on foreign borrowiﬁé. which is‘unknown. Other variables however

are not so sensitive, and their values in the base case are representative of

the macro behavior of the model.

5.2, Variations in the fixed part of the interest cost

Ono would expect that the rational resction ﬁo higher (lowar) interest
rates would be & reduction (increase) in the level of Lorrowing. in order to
reduce tho burden of the debt. This is indeed the response of the nodel,

which con also provide us with an estimate of the size of the changes involved
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when vurying the real LIBOR rates, for example, in the runga of 2% to 8x37,

As the rate increases from 2% to 6X, the curve that describes the
behavior qf the current account ghifts up by roughly US# 8.5 billion,
1n&icating that (in that range) an increase of one percentage point in the
rate induces a reduction of US$ 2.1 billion in the current account deficit.
Thie result must be interpreted in the optimizing framework in which the model
operates, since this total derivative of thé current account with respect to
the interest rate on debt has th; oppoaite sign of the partial derivative that
corraaponds to the strategy of not responding to the higher rates.

For ratea ebove 6% the net effect of a‘éhange in the real LIBOR is much
smaller, as the alternatives £o¥ reapﬁnse are more limiﬁed. and are partly

counter-halanced by the added coat of carrying the deht. This can be seen in

Figure 3,2, which shows that the response of the trade balance to a change in

rates is US% 2.4 billion per percantage point. Most of the additional foreign
exchange revenue is generated by the capital goods sector, which is the only
ona that had not rgached the export linit in the base case.

| Figurevs.s shows that the'ievel of ggggg horrowing is also only
responsive to the interest rate in the range below 6%. Iis gcope of variation
is larger the farther into the future is the period heing considered, because
the effect of higher (lower) level of‘borrowing in the early years is

conpounded in the form of larger (amaller) repayments later.

L U S T g s e e sy 4450 T gy e ke el S e s

37 In all these simulations the changes occur in the firat'tima pexriod and
remain in effect until the end, o that thay can ba seen as "step” responses
under perfect foreaight. .
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Figure 5.2

Sensitivity of Trade Balance to LIBOR
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The ‘optimal level of the total debt in the ysar 2000 can be anywhere
. between US$ 226 billion and US$ 100 billion (in real terms), depending on the
laevel of interest rates. fhis highlights the point that the country’s
strategy with respect to the foreign debt should be cast in & long range
franework of analysis, and that the diacussion of the optimal policy with
reapect'to the debt nuat consider explicitly the real rates which are expected
to prevail in the future3dd., If they are expected to continue at high levels,
it may pnot be optimal to try to éursue strategies that will lead to the
continued increase of the debt. . |
The objective function changes by only 1X betwaeen the two exirene cases
of the real LIBOR rate., The iﬁpact ;ﬁ the domestic side of the economy is
further illustrated in Table 5.2, that showa‘how consumption (evalusted at
1983 priéaa) is affected by the changing rates. In general, as rates increase
both initial and terminal aggregate consumption are reduced, falling by
approxinately 5% and 1% reapectivély whan the two axtrene Eases are compared.‘
Tuble 5.2
Comparxson of consumption in the first and laat paricds

for alternative real LIBOR scenarios
(% deviations from the bsse cage)

R NN AN RN R R N I N N T I N I T N I N T R N S A R R NS R RO SR NN BN SRR R R ERE
Real LIBOR --> 2% 4% 6% 8%
1984 +3,.4 +0.7 ~0.7 ~1.9
2000 +1,3 +0.4 0.4 -3.,3

R N N R s e S T N e N L S AN TN S RN RSN TN RS M E T IR e

Summing up, while the optirmal strategy with respect to the debt changes

————————— Iy . P T i ks e e ' “

38 This consideration seems sometimea to be mias;ng in the negotiations to
rescheduls the Brazilian debt.

INPES, 86/85

SR A SR B Nt e S o bt P oy b g Wi R R iy AT SR

13
Vs

17 ] T 1i°

nmri-

T T

"1

17

m




=33~

quite a bit with a change in interest rates, this economy seems to be flexible
-enough to absorb'(in the long rum) relatively‘larg@ variationg in them without
much inpact on welfare. It is interesting to note how limited is the long-
torn impact of widely different borrowing strategies, indicating that the real
issues in the LDC borrowing problem must be more related to the short and
redium term liquidity restrictions.

This last argument can he confirﬁed by.Tabla 5.3, which compares the base
cage scenario with another where‘non-negative currant account balance is
irposed for the whole horizon. 1In this alternaéive scenarié the real debt is
not alloved to grow beyond the initial leVel; and the model responds to this
by roducing consumption and increasing-the net exports in the searly years.
This loss of utility is compensated, in prasént value terms, by higher
consumption towards the end of the hofizoﬁ, when the required exports are nuch
analler. The impact therefore is very similar to that of & reduction of the
discount rate, causing a reductioﬁ of about 2% in the yeariy aggregate
consumption level until 1992,

: fhe shad6w~price of foreignvéxchanée dia%lays & sharp incresase of 70% in
the first period, drops to a level 10% above the base cain the second, and
stabilizes at the base case level by the end of the horizon.

Table 5.3

Comparison of “base case" and "balanced current account” scenarios
(% deviations from base cusel

ﬂ.‘:-':-"5:ﬂ::.“.‘?."‘=ﬁﬂ3:’1,‘;9::-'-'-==:3.’-":—“=====7‘-‘ﬁﬂzsg::::.‘:ﬁ’;:ﬂ?—z:::saEZ:S:&‘J#::#:::::Q:
ITEM 1984 1383 1992 1996 2000
Consumption ~2.9 -2.0 -0.1 +0.3 +2.1
Trade balance +68.9 +88.9 +25,8 -21.3 ~40.,0
:::=a:’:==:.':===r::===‘.:==.‘:=:.':.'5:::::::1::-“:::::::::::::::w:::x::::::r.::.’.-':‘.::::::::::2::::
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9:3. Export Markets

To evaluate the impact in the optimal solution of the conditions faced
by Brazilian exports in penetrating foreign markets, two simulations were
performed altering the rates at which manufactured and agricultural exports
could grow39., In the protectionist scenario the maximum yéarly rates of
growth for agriéultural and manufactured exports were set to 3% and 7.95%
respectivaly, Thé optimistic scenario maintains the base case rate for the
graowth of agricultural goods exports (5%) and considers a rate of growth for
nnnufuctureq axports (13.5%) that would lead to a doubling. by the and of the
herizon, of the base cuse inéreaaa in the level of this type of exports4°.
Note that because these bounds are in terms of rates, no large departures from
the base case can occur in either scgnario in the early periods, since the
different rates can only affect significantly tﬁe lavels further out in the
future. |

In the optimiaﬁic goenario large trade surpluses occur only in the last
two pericds, which indicates that the model prefers to increase imports at the
higher rate of export growth, rather than use resources to reduce the debt.

On the other hand, in the protactionist scenario the model knows that tinas
will be difficult in the future and does not dzlay the adjustment by

borrowing. Rather, debt is smaller than in the base case until the next to

by A A ok A T e b b 0 P S e et e O BT

39 These rates apply cumulatively over the initial sexport level, and are not &
restriction on the speed at which exports can grow at each point in tinma.

40 pore optimistic sgenarios than this do not affect much the results, as thae

nodel ie not willing to reduce consumption to take asdvantage of them, as will
“be seen below.
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last pariod, when it is allowed to grow, leading to a post-terminal value 80%
larger than in the base case. The surplug in the trade balance is however
clearly decreasing, & trend opposite to the one in thé base case.

The analysis of the shadow-prices uncovers the exchange rate policy
implied by the alloqution abova, and indicates thut.a real devaluation of 40X
would be necessary to bring about the changes in consumption required to
reduce imports in the protectionist case. 1If wé wore to measure real incone
in terms of the foreign currency, this reduction is an indication of the cost

imposed on the economy by a more difficult external markets situation.

5.4. Effect of assumptions about the petroleum sectox

The model allows us to evaluate the impact on the optimal plan of a
discovery today of a large (by Brazil’s standards) oil field. This was
simulated by solving the model with hypotheticsl domestic petroleum production
levels reaching 700, 8C0 1000 and 1200 thousand bbl/day in 1992, 19%6, 2000
and 2004 respectively. rather than stabilizing at 600 thousand bbl/day as in
the bupo cgse; In this simulation it waé also assumed that the gross output
of the whole sector (including refining) expands proportionately to this
inerease in domestic production. It should be emphasized however, that this

scenario ¢an only illustrate the effect of knowing for sure that future

production can be higher. The rasulting changes in aggregate consumption and
income are raported in Table 5.4 in percentage terms, and show that this
optimistic sgenario would have a significant, but not overwhelming, impact in

the growth of this economy.
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The tilting of the time profile of consumption is quite interesting, and
can be explained by looking at the last row of the table, and realizing that
it is necessary to invest more in the petroleunm sectoé (especiully in the
early periods) to support the higher production level., Consequently, the
total terminal capital stock is also ©6.2% higher than in the base case.

Table 5.4

Comparison of "base case” and "large oil findiné“ scenarios
(% deviation with respect to base case levelsa)

s E R NN S I N N s T Y L I AN N I RN RN TN RN SR NN IR
ITEYX 1944 l9ag 1992 1996 2000
Incone ‘ - +1.0 +2.4 +2,5 +3.0
Consumption ~1.4 -1.9 = +1.0 +0,4 +1.2
Investnant +5,1 +11.1 +4.8 +8.,2 +7.8
e RSN N N N N N S AN R L A N N S N N T NN T RE NN ST A A NSRS NN

In this new scenario there are no major changes in the foreign sector,
with borrowing, the current account, and the level of the debt having similar
values in the two cases. The foreign exchange savings due to the reduction of
petroleum imports ig instead used to increase (dramatically) the imports of
cupital‘goods; This can be inferred from.thé sectoral gross output changes
displayed in Table 5.5, which shows the growth of the petroleum and
transportation ssctors, and the shrinkage of the capital éoods sector.,

. Table 5.5
Comparison of sectoral gross output in ysar 2000 for

"base casze” and “large oll finding" acenarlos
(% daviation with respect to base caze levela)

N NN NN RN N TN N S N e e T e R I N T RN E R R ke s I NN NIRRT R R T ER S
Agrie  Agropro Constr Capital Other Petroleum Util Transp  Sarv
culture cessing uction goods goodsg itiss & comm ices
~1.6 - +35,8 -47.6 ~2.7 +158.0 2.3 +9.,2 -
=:r.:-'n:.—..:======::==z==================:===========z==========:n=============.—:===
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To seo how the model responds to an adverse shift in the terms of trade,
a simulation was performed considering that the real petroleum price would be
anticipated to grow at an yearly rate of 4X, instead of remaining stable
through the whole horizon. Table 3.6 summurizes‘the impacts of this scenario
on the quantity index (weighted at initial year prices) of the Rmain
aggreggtes. ‘

Higher petroleunm prices have a very strong long run effect on
consuﬁption, relative to the other sensitivity analyses that were performed.

The quantum of petroleum imports is reduced by 13% immediately, a margin which

is extended to 17% by the end of the horizon. The value of total imporis
howaver, iz 37% higher by the year 200(&!.z dua to the higher price. The trade
bulancé surplus in 2000 drops from US% 10 billion to UJ%$ 2.7 billion, in spits
of the sizeable incresse in exports, which expand in all sectors at the
maximum allowed rate. It is this export driva that explains the stability of
qross output,.shown in Table 5.6, on the facs of smailar domestic demnand (both
rolative to the base case). It is convenient to recall that the only
substitution mechanism in this nodel works through output composition changes,
whichlprobably overstates the impact on consumption, and understates the

import reduction and tho elasticity of domestic demand with respect to

pricestl,

T S i Y T e R S vl e Aoy VS AR B A U B

41 The implied long-run aggregate price elasticity of demand is 0.3, about
. half of the consensus véluae of Q.6.
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Table 5.6
Comparison of real values of economic aggregates for
the base case and high petroleumn price scenariacs
(% deviations fror base case)

===#==========a==========‘-:'-:=='.."====R====2=‘.===========22::33::2:2::2:::2:::32:
Groas output Consumpt.ion Inports Exports
1984 2000 1984 2000 1984 2000 1984 2000

- "'1-0 "1'4 "7-9 "6-7 -10-1 - "'20-0
====m===:==========m==========n============§=====:==============g=====:====:

The impact of higher petroleun prices on the shadovw prices can be seen
in Table %.7, which shows short and long run increases in the optimal foreign
exchange rate of 25% and 15%, respectively. Domestic factor prices are also
adversely affected, with a reduction of 20% in the long run average regl wage
and an increase of half a percentage point in the real interest rate.

Table 3.7
Comparison of the aggregate shadow prices for

the base case and high petroleum price scenarios
{(in consumption units?

s e S By pn A Sd LE ma G N TR oM wE e TR WM
e my e . e Ay b S

T - e W B % B8 S R e End G A B e e b AR T e N B P SR e e A BT B e e e SR B PSS Bk 4 G et v Bl T ke fm e dm T B R4 S R R SA S A e 0T T g e

High petroleum 1.233 1.156 2,385 1.990 Q.173 0,133
Basic case 1.086 1.024 2.334 ‘ 2.647 0.168 0,128
.......................... smpmzhmsmgas

O NN NS R N I I T T R T R N N N I I I P E R R I N R S R R R T RO RN RS RN SR NS RR R R ESRSERE=-

Note: 1 these ars arithmetic averages of the values from 1988 to 2004,

The level of the foreign debt in the last period is virtually the sanme
in the two cases which indicates that, given the other paramreters of the base

case, it is not optimal to borrow to defer adjustment to the higher prices.
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5.5 Sengitivity to the imports coefficients

This section will discuss the impact in the solution of considering
values for the non-competitive imports ceefficients 20X above and 20% balow

thosa in the base case. There is a dual motivation for these scenarios. Ons

is the fact that imports requirements may change in the future, as a result of

technological shocks and substitution, and the other is the possibility that
the crude procedure used to calculata‘the cﬁafficients may have led to a
blaged estirate of their true vaiue.

The analysis of the effect on consumption in Table 5.8 shows that it is
approximately symmetric in the two cases and‘that, even in this model without
tochnological chodice, it is ver} modesﬁ. It is howe;er of the ssme order of
magnitude as the effects obtained in the pre;ioua sections, indicating that it
is as lmportant a factor as the others exémined before. In the first period
the relative change in consumption is upproximately squal to the preportional
change in income due to the change in imports, ceteris paribus. In the other
pariods it is double that amount.

hiter 1§88, the affort of the model to compensate for the increased
{deacreoused) import requirements by generating larger (smaller? trade balunces
and additional (less) borrowing is also illustraded in the table. In the
first beriod thore is less flexibility and gpparently tha model is not able to
.compenaute for the direct impact on the trade balance, which induces it to
naks 4 larger adjusbwent in borrowing. Thig initial difficulty in handling
the larger non-competitive imports cecefficient is reflécted in the change in

the implicit exchange rate, which is larger in the first period,
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Table 5.8
Sensitivity of the solution to the non-competitive imports coefficients
(¥ deviations from base case values)

RN RN R N N R I N I R S N N NI N N NN T T R N R Y S S SRS S TSI S Ep RTINSy
NCI Scenaric 1984 1988 1992 1996

Consumpt.ion -20% 0.6 1.7 1.2 1.3
"20" “0-6 -1l2 "1-3 "1-7

Trade balance’ -20% 30.6 ~5.6 -16.8 -8.5
+20X% ~29.8 1.6 10,1 . 12.9

Gross foreign - 20% -8.6 ~5.1 ~2.9 ~3.5
horrowing +20% 8.4 5.9 5.9 3.9
Shadow price of ~20% -4.7 -1.4 -1.6 -1.1
foreign exchange +20% 5.3 2.7 2.3 .9
a3=.'M==-“'.z=====z=‘z=z=====z======z======g====::.-.1=a======:===:z::==:==a:z====z

5.6 Alternative spread rate function

It was pointed out in section 2.5 that the choice of functional form for
the calculation of the spread rate on each period’s foreign borrowing*2 was to
gone extent based on the notion that in the Eurobond market tha flow effect of
the voluma_of.borrowing dominates the effect of the stock of debt, The truth
of this hypothesis has not been verifiéd, so this section shows the effect on
some of the foregoing scaenarios of solving the model using equation (77)

ingtead of (7), to calculate the spread ratet3,

+ Y -
(74 SH L5 9 (D t, Y t) for all t

B ke g . ot sy A e SV Bt e s e Bl SR SR g ey vy vk S

42 Recall however that, for simplicity, the formulation in terms of the stock
of debt was chosen for the post-terminal period.

43 Ip (7’) the alope ¢ is the same as in the terminal interest cost function
(equation (9)).
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Table 5.9 shows that this slternative formulation doee not affect

PR ey

consumption, except for an increase in the base case level in the period 1988

to 1992. Debt and borrowing at each point in tiﬁe ara slightly larger in this

case, but do not change enough to affect the gqualitative concluaionsg derived
in the previous sections. When the alternative formulation is compared with
the original one, the inflow of new loans in the two unfavorable scenarios iz -
on average 15% higher,

Teble 5.9

Sensitivity to alternative spscification of the spread rate function
(% daviationa from values in the runa of the origingl model)

FE Lt i i bt i i -ttt b i i i st it it i it it ittt it L ittt and
Scenario Variable 1984 1988 1992 1996 2000
Base case Consurption 0.5 1.7 0.0 0.5 0.9 [
Foreign debt 0.0 1.2 13.0 13.6 16.8 N
Current account 8.8 71.7 17.7 65.7 na f
Gross borrowing 1.6 20,0 13.3 17.8 a1.8 g
e g - A o A e mar SRS TR b B wh (e W BR A A L 4 S T SR G AW TE VR e S vl v et A B A R e e S v e A e e S A e ke e e R b A L e A e A e R e Ue AR Y et e e i
High Consumption 0.3 0.0 0.0 0.1 ~0.1 y
petroleun Foreign debt 0.0 1.8 2.2 3.1 5.5 [
price Current account 17.7 10.5 15.3 22.7 13.3 {
Groas borrowing 2.5 2.2 4.1 6.9 7.4 i
_______________________________________________________________________________ e
Protectionist Consumption 0.3 0.1 0.1 0.2 0.0 .
axport Foreign debt . 0.0 1.8 2.6 a.7 5.8 i
narkets Currant account 20.2 10.1 11.2 16.86 13.6 i
Groass borrowing 2.6 2.7 4.7 7.0 7.8 i
-3 g -4 5] :

s ey

Table 5.10 compares the two models in terms of the relative changes

e

(vith respect to the corresponding base case) that occur in the two scenarios
above., It showe that the effects on the main esggregates are similar in both
wodals. In particular, given the utility disccount rate and the foreign 5
interest rate of the base cass, it is still not optimal to delay the reguired }

internal adjustments to adverse conditions in the foreign markets.
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. Tahle 5.10 :
Comparison of variables in standard and alternativel models
in unfavorable scenariocs
(x deviations from base case)

PP T e S vy e

RS NN R L I T R N N AN R I N O N I S T T N I M TN e N N N e N e S s S S S N R S S e R sy m e
Scenario Variable Model 1984 1988 1992 1998 2000
—————————————————————————————————————————————————————————————————————————————— f
High Consunption Alternative ~1.6 -4,6 -3.0 -4,5 ~8.8
petroleun Standaxd ~1.4  -2.9 -3.1 -4,0 ~7.9
price‘ ---------------------- e e e e e e e
Foreign Altarnative 0.0 -3.% -23.% -28.3 -23.9
dabt Standard 0.0 ~-4,1 ~15.4 -21.1 ~15.7 )
Borrowing Alternative -4.9 °-33.2 -31.7 -17.% -29,9 :
. 5tandard "'5-8 "21 -5 "'25-5 "9-1 18-7
Protectionist Consumption Alternative -1.3 -2.2 1.7 1.4 3.2
external Standard . -1.1 ~0.6 1.6 1.8 4.0 i
narkets e LB L o e e e e e i
Foreign Alternative 0.0 ~4.5 -20.9 -20.4 ~11.2 {
debt Standard 0.0 -5,1 -12.9 -12.8 ~2.0 i
* Borrowing Alternativé ~6.4 -28.6 -18.9 -2,%  -19.0
Standard ~7.3 =~lis.6 -12.3 7.3 36.6 i
S S N O N N e S N ST S N R R o I N I N I N g I T T N I I T TN s mm s !

Note: ! The alternative model uses aguation (7’) instead of (7).

6. GOﬁCLUSIOﬁ

This paper has shown hoﬁ a dynaric general equilibrium model can be
formulated to be able to analyze a country’s policy towards its foreign debt
in the'pr0per intertenporal framework. The‘utility function is non-linear,
and the affects of the truncation of- the model’s horizon are reduced, but not
complately eliminated, by including & ternm ;n the objective function which
captures the post-terminal value of capital and cost oé debt. The model also
includes a detailed accounting of the debt dynamics by vintagee, and
roacognizes that the interest rate charged on the foreign debt is dependent on

the level of borrowing. The spevification allows the model to behave as a
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ronopaonisat facing vising marginael borrowing costs in the market for foreign
~loans. A foreign exchange balancing equation incorporates the interaction
betwaen the capital accouné and the trade balance, The production function
howavar, follows o standard dynamic Loontief spaaifieation.

The model was applied te Brazil to generate optimral scenarios for the
next 20‘yeara. & significant amount of data manipulation was required to
asserble the datsbese, which is valuable in itself, for allowing other
aconony-wido models for Brazil t6 ba built more easily in the future. The
nodel was implemented using an algebraic mcdeliﬁg systen, aﬁd solved by a
general purpose non-linear optimization puckags. It was cobserved that these
progrars, only recently available, grestly simplified‘the construction and
solut;on of this economy-~wide noen-linear dyn&mic nodel .

Thé analysis of the sensitivity of the resulis to the number of time
periods intluded in the horizon of the model ghowed that the formulation
adopted for the terminal conditioﬁs performned sati&factoriﬁy, in spite of not

baing able to eliminate all the eond effects.

'In addition to the base case, several simulations were parformed to

evaluate the optimal responses of this lotig-run model of the Brazilian econony

to perfectly anticipated “step" changes in some of the parameteras. We have
seen that while agyregate consumption may not be very sensitive to changes in

tho real LIBOR rate, the optimal borrowing policy certainly is, displaying a

murkod positive response when that rate falls below S%; Above that level, the

nodel tries to roduce debt as fast as possible. This iFesponse of the nodel
shows that the attempt to devise new mechanismns of debt rescheduling which

would in effect load to high lavels of net borrowing, may be a myopic policy

from the long térm porspective of the model, if interest rates are to continue

at high levels,
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It was seen that the impact of reqguiring current account balancing is
skin to a reduction of the discount rate for'utility, and would require a very
large devaluation in the short run, relative to the béae case.,

The response of the modél to relaxing the maxinum future export levels
is not very potent, probably due to the implicit costs, in terms of
consunption, of larger trade balances. A protectionist scenario would however
require a devaluation of 40% and lead to slightiy lowsr debt until the last
two periods, because the model foresees that times will be diffigult in the
future and does not delay the necessary adjustments.

The effects of petroleum discoveries that would double domestic
production in the long run are an increase of 3% in yeurl* income and 4
tilting of the time profile of consumption, favoring later pericds. Higher
prices for petroleum (growth of 4% yearly, instead of being stable) lead to
narvkedly lowsr consumption (reduction of 8% by 2000) &nd exploitation of all
the export opportunities, but does not affect significantly the size of
terminal debt, This seems to indicate that, given the model’s assumptions, it
is not bptimai to borrow to delay ad3ustﬁanﬁ of the economy to the higher
prices.

& reduction of 20% in the non-competitive imports cbafficients allows an
average increase of 1.4% in the level of long run consumption, ralative to the
base cagme, while an increase of 20% has a symnmetric effect.

Theso sensitivity aﬁulyses are only a sanple of the issues that can be
addressed with a model such as this, but they will hopefully have made the
point that in can provide intéresting guantitative insights as to the relative
inportance of .the severulvfactora affacting u QEveloping country’s debt

problens. ﬂpplicutidns of the model are not limited to the analysis of the
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debt issua; since it can also be used as is, or with minor modifications, to
"tackle trade and investment. policy questions. |

Several possible extensions are possible, mainly exploring the
possibility of using a non-linear formulation in other parts of the model.

For example, the production function could be reformulated to allow the

inclusion of some measure of technological substitution and/or complenmentarity

between capital and energy in some of the sectors. Another possibility is to
nake the export revenue functions non-linear, to account fo; sone degree of
imperfect competition in export markets. None of these could be included in

this version of the model due to time limits for this phase of the research

project.
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APPENDIX A

SECTORAL TRONSRCTIONS TABLE FOR BRAZIL IN 1983
tin £RS billions)

. SELTORS SECTURS  Agricul-  Qove-  Comstr- Warwf. Mamef.  Pebr-  UBili-  Tramsp. Other  INTEWMED Private Bovernat Invest- Stock Exports Imports FINAL #  GROSS
FRODICTS PROILCTS ture  oprocess. uction cap.gds  other  oleem  ties 2 cosm. services  DSLIVERY fronsump. consurp.  ment  change DEFMAND ¢ DEMmD
fgriculture fgriculture @23.2  71%.1 5.4 slee  2i21.3 4.9 2.1 8.9 181 12138.6 # 3IMWI.L 22 3\ 1LY 15489 8.9 BS11.3 ¢ 13269,8

: fgro—processing Aoro-orocessing £6%.8 3549.6 8.8 6.2  365.8 1.8 a1 2.5 9468 0.3+ 15080.7 7.1 2.8 425 2975 6.9 1679 %  2i1%0.2
Corstruction Constructicn 2.9 e.9 6.8 8.8 8.8 8.8 8.8 2.0 8.8 223 e 2.8 15629.9 8.2 6.9 8.8 16629.9 ¢  15629.9
Manuf, cap. gqoods  Hanef. cap. goods 132 1317 6#45.1 2686 2395.8 1@3.5 1141 3BLS 4206 BB44.1 : 32008 183,90 47378 1322 196L.8 2.9 191558 % 1£998.9
Banuf, other goods Maruf. other goods  1249.6  1335.3 5358.8  4275.2 12726.9 4205 6.5 283.e 7ie.l 26381,8 # 11197.3  T48.3  B4l.2  BI49  S4EL.3 8.0 [%75.@ ¢ 454168
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¥or—eompet. imports Mon—compet. imports 98.3 276.5  £B4.3 H4R.T 15919 g.0 16.5 4225 2429 3R.7T+ 3.5 25,6 1267.3 .3 8.0 5224 -393.7 2 .8

TOTAL INTERMEDIATE TOTAL INTERMEDIATE  S5872.8 14539.% 9848.3 1§988.1 201325 9411.6 {106.8 4433.! 6224 S6576.8 @ 723254  454D.7 25938.3 28167 12628.1 5757.1 1&6596.3; 199082, 1

Indirect Taxes Indirett Tawes -418.¢ -864.5 1757.3 1.5 -3719.6 2%.7 11L2 4874 19012 2899.2 »
¥ages Kages 1969.7  1BIB.4 2137.6 14346 383L7  S78.7 98.9 11647 77@3.9 28433.3
expenses w/labor  Expenses w/labor 388.3  388.7  426.9 B5S.3 33629 P15.4 258.8 59.4 2083.7 8831.9
- Ruton, employment Auton. employment 5.3 45,9 5342 t.8 25.9 .8 .8 934 1773.2 2972.8

Return to capital Return to capital  18678.3 5962.3 19255 37116 10741.5 65372 2443.8  i664.1 £95%6.6 73212.8 # . '

3
4

VALUE RDDED VRLUE ADDED 131971 6560.7 67816 6@1O.B 17283.4 7589.8 37138 43111 43058.6  168595.0
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Baixar livros de Literatura

Baixar livros de Literatura de Cordel
Baixar livros de Literatura Infantil
Baixar livros de Matematica

Baixar livros de Medicina

Baixar livros de Medicina Veterinaria
Baixar livros de Meio Ambiente
Baixar livros de Meteorologia
Baixar Monografias e TCC

Baixar livros Multidisciplinar

Baixar livros de Musica

Baixar livros de Psicologia

Baixar livros de Quimica

Baixar livros de Saude Coletiva
Baixar livros de Servico Social
Baixar livros de Sociologia

Baixar livros de Teologia

Baixar livros de Trabalho

Baixar livros de Turismo
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