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Abstract

In order to enhance energy security and independence, Brazil has
supported the production and use of ethanol. Brazil’s leadership in
this market reveals complex inter-linkages between ethanol, sugarcane,
sugar and fossil fuels. These sectors have been growing an average of
14% per year, while the country’s growth rates have been very modest.
This paper presents a theoretical framework for understanding the
interaction between Brazil’s economic growth and the evolution of
these sectors as the economy transitions toward long-run equilibrium.
Then, the sensitivity of these results is analyzed under two simulations;
first, a reduction of the cost of financial intermediation (which the
literature identifies as one of the factors affecting Brazil’s growth), and
second, an increase in ethanol prices by 2.6%, based on the expectation
that biofuels” world demand is increasing.

*Research fellow, European Commission, JRC-IPTS center and Professor, Applied Eco-
nomics Department, University of Minnesota, respectively.



1 Introduction

Approximately 90% of the world’s commercially produced energy is obtained
from non-renewable fossil fuels such as crude oil, coal, and gas (Birur et al.
2008). In order to enhance energy security and independence, many coun-
tries, such as Brazil, have supported the production and use of renewable
energy sources such as biofuels. According to Martines et al. 2006, Brazil
is the only country in the world able to produce ethanol' from sugarcane
at sufficiently low costs to be competitive with conventional fuels on a BTU
basis, costing about 0.22 USD/liter versus 0.53 USD/liter in the EU. This
cost advantage is partially due to her endowment of cultivatable land and
favorable climatic conditions for the production of sugarcane (FAO, 2008).
Brazil accounted for 34%, 19% and 37% of the world’s production of sug-
arcane, sugar and ethanol, respectively. Brazil ranks as the world’s second
largest producer and world’s first largest exporter of ethanol (ANFAVEA,
2006).

As ethanol in Brazil is made from sugarcane, sugar industry developments
are now increasingly linked to policy initiatives in ethanol markets. Sugar
represents a particularly important component of Brazil’s economy, with the
sugar/ethanol industry contributing 2% to national gross domestic product
(Valdes, C. 2007). The country’s relatively long history as a leading sugar
producer and exporter reveals a complex linkage between the production of
sugarcane, sugar and ethanol that has evolved as per capita income has grown
and capital deepening has occurred. Sugarcane production increased by an
annual average of 4.9 percent over the 2003-06 period and by 15.9 percent per
year over the 2006-08 period. Ethanol production has grown from an annual
average of 8.6 percent over the 2003-05 period to an annual average of 19.3
percent over the 2006-08 period while sugar production has grown by 5.6 and
6.4 percent per year over the same respective periods (ANP, 2010). Based
on wdi data, this pace of sugarcane and ethanol production has exceeded
the growth in real agricultural value added, which in turn has exceeded the
rate of growth of the real value added by the country’s industrial and service
sectors of the economy on average over the same time intervals.

Two major factors are felt to contribute to this performance. First, capital

!There are two primary biofuels, ethanol and biodiesel. Brazil’s biofuels are mainly
sugarcane-based ethanol.



deepening tends to expand production of the capital intensive sectors, which
in turn tends to increase the productivity of workers?. As wages rise and
asset income grows, households increase their consumption of home goods.
For home-good supply to respond to the increased demand, upward pressures
are placed on the price of home-goods which allows producers of home goods
to compete for resources otherwise pulled into the capital intensive sectors
of the economy (unless the home good is capital intensive, then its price will
tend to decline over time).

The other contributing factor to the growth of the bio-fuel sector has been
improvement in the external terms of trade, induced indirectly by the rise
in fossil fuel prices. Trostle (2008) documents the increase of 60 percent in
world market prices for major food commodities such as grains and vegetable
oils in the span of only two years (2007-08). He attributes this rise to an
increase in demand for biofuels feedstock’s, as well as weather and other less
important factors. Others tend to place greater emphasis on the growth in
biofuels production for the rise in food prices. Mitchel’s World Bank paper
(2008) argues that of the 140 percent increase in the World Banks’s index
of food prices from January 2002 to February 2008, three-quarters of this
increase was due to biofuels and the related consequences of other associated
factors. An apparent paradox is that the real price of sugarcane has fallen by
an average of 28 % since 1992, while production has increased. This outcome
is possiblly linked to factor and product markets re-equilibrating as economic
growth occurs.

Though there is a plethora of literature modeling the economics of bio-
fuels, most employ cost-accounting procedures and/or partial equilibrium
frameworks (for example, Zuurbeler et al. (2009) or Birur et al. (2008) to
name a few). More recently, static computable general equilibrium models
have appeared that depict the biofuel sector in considerable detail (Reilly et
al. (2007, Banse et al. 2007 and Al-Riffai et al. 2010 to name a few). One
major problem of these CGE studies is that they do not provide a validating
exercise of their models’ forecasts. Moreover, they disaggregate the economy
into so many sectors that it is difficult to reach a causation conclusion. In
addition, they fail to depict the economic forces of structural transformation
in which sectors of the economy compete for economy-wide resources in the
process of economic growth, and hence these models poorly capture, if at

2Based on authors’ own calculation from growth accounting which are discussed later.



all, the effects of possible impediments to growth on the biofuel sector or the
dynamic effects of changes in a countries terms of trade over time.

This paper presents a theoretical framework as well as an empirical ex-
amination of the Brazilian biofuel sector and its links to sugarcane, sugar
and fossil fuel production as the economy transitions toward long-run equi-
librium. The model’s basic structure has as its roots the endogenous saving
structure of Ramsey (1928), Cass (1965) and Koopmans (1965).

The model features four fundamental advancements over other models of
economic growth appearing in the literature, for example, Echevarria (1995,
1997, 2000) and more recently, Gollin et al (2004). First, it expands these
models by including seven sectors. These sectors are industry, agriculture,
services, sugar cane, sugar, ethanol and fossil fuels. Second, intermediate
inputs of production are modeled, which captures sectoral linkages, as noted
years ago by Hirschman (1958). Jones (2007) introduces intermediate inputs
into a Solow economy and shows the multiplier effects of a productivity shock
far exceed the same shock without intermediates. Third, the model’s state
variable, capital stock, is modeled as a composite of the outputs of the various
sectors of the economy as suggested by the data, this feature causes the
price of the capital asset to be endogenous, which in turn gives rise to a
no arbitrage condition that affects households’ holding of capital and land
assets. This condition is used to impute the price households are willing to
pay for sector specific assets, such as land devoted to the production of sugar
cane and land devoted to the production of other agricultural goods. Fourth,
the model also accounts for differences in labor skills since some sectors of
the economy tend to be relatively labor skill intensive and others relatively
unskilled labor intensive.

The next section discusses the background of the ethanol industry in
Brazil and the nature of the problem. There are two problems addressed,
the first is the relatively slow growth rates of the Brazilian economy, while
the energy sectors have grown to the point where Brazil is the world’s largest
exporter of sugar and ethanol. Several papers have identified the cost of
financial intermediation as an impediment to growth (Hausmann, R. et al.
2005, and Beck, T. 2000). If this impediment is adressed, it is of interest
to analyze how the higher economic growth would affect the energy sector.
The second problem addressed is that growth in world demand for biofuels is
expected to rise, stimulated by policies in advanced countries. This increase
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in demand will put upward pressure on energy prices. Given the nature of
the ethanol sector in Brazil, a price rise in ethanol will be accompanied by
an increase in the fossil fuel and sugar prices (Valdes, C. 2007).

The following section briefly discusses the fitting of the model to data,
calibration and growth accounting exercise. In the appendix B, we add a
validation exercise to assess the models fit to the data both backward and
forward from the point the model is fit to the economy’s transition path; there
it is shown that the model fits the data surprisingly well. Section four lays
out the model where intra and inter-temporal equilibrium is characterized
and special features of the model are highlighted. Section 5 summarizes the
comparative statics used to later analyze the baseline results in section 6.

The remainder of the paper uses the model to address several questions of
relevance to the cane-sugar-ethanol nexus. First, the implication of a reduc-
tion on the cost of financial intermediation in the economy is analyzed. In this
case, the most capital intensive sectors (agriculture, cane and ethanol) expe-
rience more rapid growth than the base solution, and increase their shares in
GDP, while sugar cannot compete for resources and decreases its production
relative to the base. Higher factor income stimulates both intermediate and
final demand for service goods, and the stronger effects of capital deepening
dominate the more negative domestic terms of trade for industry and fossil
fuels, for which growth exceeds the base solution. Last, land competitiveness
for agriculture and cane increases as well as the rate effects in order to hold
the no-arbitrage condition.

The second question addressed is how the economy and more specifically
the nexus, responds to an increase on energy prices. Given the strong corre-
lation between the prices of energy and sugar, an increase of 2.6 percent in
the ethanol price, represents also an increase in the fossil fuel price of 2.06
percent and 1.4 percent for sugar. The direct effect of these prices increased
is the expansion of the economy’s production of ethanol and fossil fuel while
sugar production declines due to counter veiling forces (own price rise ver-
sus cane price rise). Therefore, the indirect effect of these price changes is
the increase in derived demand for cane causing its price to rise. Last, land
competitiveness for cane increases while the rate effects are unchanged.

In all cases, the model replicates and explains the paradox suggested by
the data where cane prices decline over time while production rises. Depend-



ing on the simulation cane price may be higher than the base, but ultimetly,
it always declines over time. This effect is consistant with the data, and
only a general equilibrium model is able to capture it. As capital deepening
occurs, cane expands production since it is relatively capital intensive. This
allows for its price to delcine, even tough the demand for cane increases over
time from the ethanol and sugar sectors. The net effect of capital deepening
and cane price decline is an increase in cane production.

2 Background

While most of the world is initiating new ethanol research and develop-
ment programs, Brazil already has a long and successful history with biofuels
(Outlaw et. al.2007). This experience started in 1975, when the sharp rise in
oil prices threatened the military dictatorship’s ability to rule. At the time
90% of the gasoline was imported, causing fuel shortages, inflation, current
account, deficits, and diminished hard currency reserves. This lead the gov-
ernment to launch the Proalcool, the purpose of the new program was to
stimulate domestic fuel ethanol supply obtained from sugarcane by means of
aggressive market intervention. However, the ethanol industry had a setback
in the 1990s due to cheap crude oil (Regaldo and Fan, 2007) and govern-
mental deregulation, letting the ethanol and cane prices be determinate by
market forces starting in 1997 (Portaria no. 64, March 1996). When oil
prices began to soar in the recent years, ethanol became a more attractive
alternative to gasoline, aided by the launch of flex-fuel vehicles (FFVs) in
2003. FFVs allows consumers to decide the mix proportion of ethanol and
gasoline at every fill-up: pure gasoline, pure ethanol, and or a blend.

The growth in world demand for biofuels is stimulated by policies in ad-
vanced countries. In 2005, the EU started to require a 2% blend of ethanol
in their gasoline. According to (Martines-Filho et al., 2006), this proportion
is expected to increase to 5.75% by 2011. Sweden, an importer of Brazilian
ethanol, now offers consumers a 20% tax break to purchase flex-fuel cars, spe-
cial parking privileges, and no congestion charge for urban flex-fuel drivers.
New laws to be passed in Japan will require that 3% of ethanol will be added
to the gasoline. This means that a new market of 0.45 billion gallons/year
will be created if this Japanese law is passed. Germany intends to add 2% in



its gasoline. Negotiations are also evolving with China for ethanol exports
from Brazil.

These forces put upward pressure on ethanol prices, according to the US
energy information administration (2010) they are expected to increase by %
2.6. Valdes, C. (2007) reports the complex and strong relationship between
ethanol, sugar and fossil fuels prices. This strong relationship is illustrated
in Figure 1. On the right axis we measure ethanol and gasoline, while the left
axis measures sugar. One can quickly see this high correlation that exists
between these three sectors. This correlation was accentuated from 1999
when ethanol prices were completely deregulated. These data support the
notion that Brazil experienced an improvement in her terms of biofuel trade
in recent years. They also suggest that an analysis of these effects should
consider the correlation between price changes.

Figure 1: Brazil’s ethanol, gasoline & sugar average real prices 1999-2008
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Another interesting aspect of the evolution of the ethanol sector in Brazil
is that even though the ethanol sector has shown impressive growth rates
since 2000 (14% per year on average), the Brazilian economy has exhibited
relatively slow rate of economic growth overall since 1980s, with growth rates
fluctuating in the two to three percent range. A substantial body of liter-
ature has tried to explain the reasons behind this stagnation, but recently,
Hausmann et al. (2005) identify the cost of financial intermediation as the
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major constraint to growth following a growth diagnostics. If this impedi-
ment is addressed, it is likely that the rest of the economy’s expansion pulls
resources out from the energy sectors. At the same time, the direction could
be reversed, depending on the energy sectors’ relative capital intensity, which
would cause them to expand relative to the rest of the economy.

3 Data and Calibration

A snapshot of the economy, aggregated to the level of the model pre-
sented in the next section, appears in table 1. The model has capitalized
on available input-output data from the ERS, and from the Global Trade
Analysis Project (GTAP) database, and is organized into a social accounting
matrix (SAM) for the year 2004. Briefly, agriculture accounts for 9.6 percent
of the country’s GDP, employs about 20 percent of the work force, but only
accounts for 5 percent of total wage payments, which it is mostly unskilled
labor. Unskilled labor is defined according to ILO’s occupation 4-9 (trades-
persons, clerks, salespersons, machine operators, laborers, and farm workers)
and skill workers are those in ILO occupations 1-3 (managers, professionals,
and para-professionals). Sugarcane, sugar, ethanol and fossil fuels account
for 0.31, 0.2, 0.65 and 0.93 percent respectively of the country’s GDP. All
together these sectors account for 0.8 percent of total wage payments, where
the dominant share of this labor is unskilled.

Brazil has the third most advanced industrial sector in The Americas,
accounting for 17 percent of the country’s GDP, and employs 15 percent of
the wage payments. About 13 percent of workers are classified as unskilled
and 2 percent skilled. The country’s service sector accounts for the remaining
71.5 percent of GDP. This sector employs about 79 percent of the total labor
force, where 46 percent is unskilled and 33percent is unskilled.

The country spends 78 percent of the income, and therefore saves 22 per-
cent. Labor is the main source of factor income with 36 percent of total factor
income accruing to unskilled labor and 20 percent to skilled labor. Capital
accounts for the next major share of income, equaling about 43 percent with
most of the reminder of domestic income accruing to land.

Intermediate inputs account for 70.5 percent of manufactures gross out-
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put, and 63, 45, 79 and 42 percent of gross output for agriculture, cane, sugar
and ethanol sectors, respectively. While own output accounts for the largest
share of each sector’s gross output (for industry, agriculture and service sec-
tors), the service sector has the second largest share as an intermediate in
each sector’s gross output. In table 2, the relative sector factor intensities
are also reported, showing that the ethanol, agriculture and cane sectors are
relative capital intensive, sugar is unskilled labor intensive and the service
sector is skill labor intensive. Factor intensities are important because they
affect the evolution of firm level costs in transition growth and consequently
differences in sectoral output.



Table 3.1: Social accounting matrix, Brazil in millions of 2004 USD.

Expenditures

1. Activities 2. Commodoties 3. Factors 4. Institw 5. Cap. 6. Trade|7. Total
Receipts:
Industry Ag.  Cane Services Sugar Ethanol F.F. Industry Ag. Cane _ Services Sugar Ethanol F.F. K L Lh T HH KA WT TT
1. Activities Industry 311304 311304
Ag. 127240 14744(141984
Cane 3109 3109
Services 580919 580919
Sugar 1322 3897| 5218
Ethanol 3353 2811 6164
F.F. 41473 41473
2. CommodiIndustry | 134238 12167 526 49521 1117 179 24123 69903 38362 330136
Ag. 4444 52272 267 9896 70 0 12 59384 895 127240
Cane 1528 1581 3109
Services| 64993 21337 424 113012 1324 428 2590 294090 82719 580919
Sugar 0 1322 1322
Ethanol 1138 113 8 1858 3 4 228 3353
F.F. 14732 3633 178 15639 71 428 9413 44094
3. Factors K 46375 31231 1023 150904 334 2557 2873 235297
L 38981 14138 395 138792 663 709 1770 195448
Lh 6404 1224 14 101296 109 136 290 109473
T 0 5868 273 0 0 143 174 6457
4. Institution HH 235297 195448 109473 6457 546675
5. Cap. Acct KA 121977 121977
Trade WT 18832 0 0 0 0 0 2621 21453
7. Total TT 311304 141984 3109 580919 5218 6164 41473 330136 127240 3109 580919 1322 3353 44094 235297 195448 109473 6457 546675 121977 21453

Source: GTAP and ERS (USDA), data in millions of 2004 USD

Table 3.2: Intermediate inputs usage and relative sector factor intensities

Industry Ag. S.C. Services Sugar Ethanol FF
Industry’ 0.431 0.086 0.169 0.085 0.214 0.029 0.582
Agriculture | 0.014 0.368 0.086 0.017 0.014 0.000 0.000
Cane 0.000 0.000 0.000 0.000 0.293 0.256 0.000
Services 0.209 0.150 0.137 0.195 0.254 0.069 0.062
Sugar 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ethanol 0.004 0.001 0.003 0.003 0.001 0.001 0.006
FF 0.047 0.026 0.057 0.027 0.014 0.069 0.227
Kintensity? [ 1.022 1.471 1.500 0.629 0.433 1.382 0.650
Luintensity | 0.739 0.369 0.302 0.550 1.498 0.138 0.314
Ls intensity | 0.075 0.027 0.010 0.350 0.109 0.047 0.063

1 Intermediate in real values divided by the gross output value

2 Relative sector factor Intensities




The data upon which the parameters and initial conditions of the
empirical model are based, are taken from three major sources, the WDI, ERS
and GTAP7 data bases. First, using WDI data, a growth accounting exercise,
based on perpetual inventory method, yields an estimate of the country’s
capital stock K (0) for the base year, 2004. From an estimate of Solow’s
residual we obtain an estimate of the Harrod rate of factor productivity
growth z, and trivially, the rate of growth of the labor force n. The rate
of time preference parameter p is set to 0.04, a value that falls within the
range commonly found in the literature®. The estimated values are described
in table 3.

Table 3: Parameters and initial conditions

5 T p 0 X n K(0) in 2004 Reais

0.04 0.115 0.05 1.00 0.0014 0.0194 2 x1012
Source: Author estimates and calculations using WDI, ERS and GTAP

This exercise also provides a breakdown of observed growth in GDP into
factor contributions. If we accept the predicted long-run rate of growth of
the model’s level variables, we can calculate the long-run contributions of
factors to GDP growth and contrast them with estimates obtained from the
data. This comparison suggests “how far” the economy is from its long-
run equilibrium (SS). These results are shown in Table 4. The first column
reports the contribution of capital, labor and Solow’s residual to growth in
GDP for the 1975-2005 period. The last column shows the contributions if the
economy were in steady-state equilibrium. This comparison suggests that the
country is not in long-run equilibrium so additional capital deepening needs
to occur in order to lower capital’s contribution and to raise the contribution
of labor.

Table 4: Contributions to GDP growth.

Contribution at t<SS  Contribution at SS

Capital change Contribution 0.4932 0.4225
Labor change Contribution 0.3520 0.5316
Technical change Contribution 0.1548 0.0459

3See Agenor, Pierre Richard (2005).
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The second main source of data, GTAP 7, is used to construct the social
accounting matrix (table 1). However, since GTAP7 lacks more detailed data
on ethanol and sugar, we use USDA (ERS) data for these activities and for
their use in intermediate factor demand.

We assume Cobb-Douglas functional forms for all of the model’s produc-
tion functions, the household utility function as well as the composite capital
function. Data reported in table 1 are used to estimate the parameters of
these functions, including the input-output coefficients for intermediate in-
puts. The model is fit to these data so as to reproduce the social accounting
matrix values as though they reflect the economy at this point on the tran-
sition path for the year 2004 with initial conditions given by these data. To
provide confidence that the model captures the key structural features of the
Brazilian economy, a validation exercise is conducted. We solve the model
backwards and forward from the 2004 base year, and contrast model forecast
with time series data of total and sector GDP taken from WDI over the 1995-
to 2005 period. See Appendix B for a discussion of the validation results.

4 The model

4.1 Definition of the model

The modeled environment is a small open economy that produces seven
goods, industry (Q,,), agriculture (Q,), service (Qs), sugar (@Q),), sugarcane
(Y.), ethanol (Y) and fossil fuel (Y,). Industry, agriculture, sugar, ethanol
and fossil fuels are traded in domestic and international markets while sugar-
cane and the service good are only traded in the domestic economy. Surgar-
cane and fossil fuel are intermediate goods. Households are endowed with
the economy’s resources which include skilled (L), unskilled (L,,) labor, cap-
ital (K), and sector specific resources H;, where j = a,c, ¢ associated with
agriculture (a), sugarcane (c), ethanol (¢) and fossil fuel (g). Labor and
capital evolve over time. Capital is a composite, as suggested by data, of
industrial, agricultural and service good components. The sector specific
resources remain constant over time and their asset value adjusts so as to
satisfy arbitrage conditions. The services of these sector specific resources
are traded competitively among firms within but not between sectors. House-
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holds exchange the services of labor, capital and sector specific resources H;
for wages w,, (unskilled), and wy (skilled), capital rents r, and sector specific
resource rents m;, respectively.

4.2 Behavior of households and firms

4.2.1 Households

Households are viewed as an immortal extended family with finite lives
that take account of the welfare and resources of their prospective descen-
dents. The representative household receives utility u : RY, — R, from the
sequence {Gm, Ga, 4s; 4= }te[o,00) €xpressed as a weighted sum of all future flows
of utility

/ U(an da; 9s, QZ)e(nip)tdt
t€[0,00)

which it discounts at rate p > 0. The function u(-) is increasing and strictly
concave in g;, is everywhere continuous, and twice differentiable, and it is
homothetic. The number of households’ members is assumed to be propor-
tional to the number of workers, to grow at the exogenously given positive
rate n.

The household’s intra-temporal problem is to choose (¢, 4a,4s,q.) to
minimize the cost € of composite consumption g per worker

qm,4qa;9s,9z .
J=Aqm;4a,4s,9=

¢ = & (Pms Pas Ps,P=) ¢ = min { > opigila< u(QmaQaastQz)}

where (pm, pa, Ps, P-) are the respective prices of each good. At each instant
in time, € (pm, Pa, Ps, P») represents the price (cost) of aggregate consumption
q. Shephard’s lemma gives the Hicksian demand,

q; = qj(pmapanpsapz)q j =m,a,s,z

which is homogeneous of degree zero in prices p;.
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The representative household’s budget constraint expressed in per worker
terms is given by

. 1
E o= —(wuly +wyls + krf(1 —7) + 1, H, + 7. H,. +
Pk
T He +mgHy — & (Pms Par, Ps,P2) ) — k (n+6) + T

where p;., defined below, is the price of a unit of capital stock k, and 7 > 0 is
a tax on capital, the reasons for which we point out later. At the end of each
period the tax revenue 7' is returned to the household in lump sum. This
constraint is derived based on the assumption that the no arbitrage condition
between the returns received by households from loans and returns to capital
is satisfied, as well as the no arbitrage condition between a unit of composite
capital k, and a unit of land

k . .
r*(1—r1 j j
T:¥—5+@=&+%+n (1)
Pk Pr.  PrLj Prj
where pp; = pr;/pr is the price of the j — th sector’s specific resource

per worker, py;, relative to the unit of capital py,where j = a,c, ¢, g. This
condition assures that capital and land prices adjust throughout transition
growth so that agents have no incentive to exchange one asset for another at
any point in time.

Household’s problem of maximizing the discounted present value of utility
subject to the budget constraint and a transversality condition, leads to the
Furler condition

e 1[r*1-1)

ps pk
A A R () i
e 0 Dk P )ps Dk

where here we assume unitary inter-temporal elasticity of substitution so that
f = 1. Since below our variables are expressed in effective labor units, it is
convenient to express this condition in effective units as well, which results
in the condition, for § = 1,

> >
I
|
(o9
|
s
|
S
+
|
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4.2.2 Composite capital

Recognizing that a country’s stock of capital is composed of more than
industrial goods, capital is modeled as a composite of the output of industrial,
agriculture and services goods. These goods are presumed to be combined in
a least cost manner to produce a unit of capital stock at each ¢. Following
Roe et al. (2010), the problem is

YmksYak Ysk

Pk = Ck (pmapaaps) = min ( Z pjgjk ’ 1 S F(ﬁmky@akaﬁsk))

j=m,a,s

where for purposes here F'(-) is a neoclassical Cobb-Douglas function that
is CRS in its arguments. Thus, at each instant in time, we have the result

that the total cost of capital provision from savings k + k (z +n + ) is

~

Dr {k—l—l%(x—i—n—ké)}

where Shephard’s lemma applied to c* (p,, pa, ps) Tetrieves the components
Ymk, Yak, Ysk Of composite capital. Finally, note that

A 2)
Pk Ds

where A\ is the cost share of g in the total cost of producing an increment
of capital stock in each t. Thus, the Euler condition can be restated as

k 1 — ‘5
R By W
¥ (P, Pas Ps) Ps

N> N> -

4.2.3 Firms

Firms in each sector are atomistic and identical. Firms producing in-
dustrial, service and sugar goods employ technology f7 : R3, — Ry de-

fined as Min {fj(A (t) Luj, A () lgj, k), Lmi ) dar Bed y—’} j =m,s,z., where

Omj’ Oaj’ Osj’ 0z

A(t) = e and x is the Harrod rate of growth in effective labor services, l,;,
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and [,; denote the quantity of skilled and unskilled workers, respectively, o,,;
are input-output coefficients and y;; denotes the amount of the i — th sector
output employed as an intermediate input in sector j. The corresponding
sectoral total cost functions, expressed in units per effective economy-wide
worker, are given by:

TC]' = <Cj(UAJU,'UA}3,7”k) —+ Z piO'ij> Qj j =m,s,Z.

1=m,a,s,C,2,E,g
where g, is sector j's gross output per effective worker.

Agricultural, sugarcane, ethanol and fossil fuel technologies are repre-

sented by the representative firm production functions f7 : ]Ri + — Ry,
defined as

min {fJ(A (t) lugv A (t) ZSj) k]v B (t) hj)7 M? @7 &7 &} ] =a,c¢g,g.
Omj Oaj Osj Ozj
where h; is the quantity of the sector specific resource employed by the repre-
sentative firm, and B (t) = e* is the exogenous growth of land productivity?.

Given H; fixed, and given f7 is linearly homogeneous in all inputs, the
sectoral aggregate technology, denoted FY(A (t) L,;, A (t) Ly, K;; B (t) H;),
exhibits decreasing returns to scale in inputs L,,;, Ls;, and K.

The corresponding value added functions (in units per effective worker)
for these sectors are given by

i I .
7T](p’l)juUj?ulvsﬂﬁ )Hj7 J=4a,CE¢E,g

where p,; is the j —th value added price of gross output, and H; is not treated
as a choice variable at the sector level. By Hotelling’s lemma, sectors’ partial
equilibrium supply functions are given by

j N KNI T C
Yy (pvj;wuawmr )Hj - ij(pvﬁwu;ws;T )H] J=4aGCE,g.

A perfectly competitive market for the services of the each sector’s specific
resource among sector producers implies that the shadow price 7/ (p;, wy,, wp, )

4To maintain an autonomous system of differential equations it is necessary that v =
x + n. We refer to this restriction as a sustainability condition which assures balanced
growth in the long-run.
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is also the rental price that causes the market for these services to clear among
individual producers. Thus, the representative firm in this sector makes zero
profits since, in equilibrium, the value of output is exhausted by payments
to factors,

pngj = Wylyq + Wslsq + Tkl%j =+ 7Tj<pvj7 UAJu; UA}S7 Tk)h'j J=a,c¢,qg.

4.3 Equilibrium characterization

Restricting analysis to the case where all sectors are open, i.e. Y; >
0 j =m,a,c,s,z¢, g a competitive equilibrium is defined by the positive
prices {w,, Ws, 7%, pe, Ds }efo,00)0f inputs and output, household consumption
plans
O ={q},. 4}, @& ¢ Yeeo.00)
and production plans

O = e B U 0 0 0 i ot et et e R R 0

m? Yar Mer sy Wz ey gy Yumo Yuad "uc)

Ly U L U U U U 1 1 Y e0.00)

us?) "uz’ "ue’) 'ug’ "sm? "sa’ "sc’ 'ss? "sz’) "s€’ 'sg

given initial resource endowments {k(0), L, (0), L,(0), H;} such that the dis-
counted present value of household utility is maximized, firms maximize
profit subject to their technology at each instant of time ¢, and markets
clear for all inputs and the outputs. In addition, the no-arbitrage condition
between the values of capital and land, and the transversality condition are
satisfied.

4.3.1 Intra-temporal equilibrium

Given the endogenous sequence {l%, é} ,intra-temporal equilibrium is

t€[0,00)
given by the sequence of positive values Q = {0, Ws, 7%, G, Vs, G, Ps, Pe Fte[0,00)

satisfying the following eight equations for each t:

e Zero profit conditions in sector m, s, z
C™ (Wy, ws, ) = p"™ (ps)
C* (W, s, 7*) = p”* (ps)
C* (g, W5, ™) = p"* (Pes ps)



where p,,; is the value added price of sector j.

Unskilled labor market clearing,

7 ~ A k\ ~ a va A A k
§ Cwu (wuawmr ) Yi — T, (p (pmps) y Wy, Ws, T ) Ha -
JjEM,S,2
c

7%, (D" (Pes Ps) s W, s, 77) He — 75 (9" (Do Ps) s W, W5, 77, ) RH.—

ﬂ—gﬁ)u (pvg <p07p8> 722}71,7 ws, Tk) Hg = Eu

Skilled labor market clearing,

D2 i (o ™) G5 =, (5 (e i)t ) Hy =
jEM,S,2

C

71-'ws (pUC (pc;ps) 712)1“ UA}87 Tk) hC - ﬂ-if)s (p’UE (pcaps) 7UA}U,7 IZ)37 Tk) Hg_

70 (9 (Des Ds) » s s, ™) Hy = £

Capital market clearing,

%l ~ ~ k\ ~ a va A ~ k
E O,,Jc (wu,ws,r ) Yj — Tk (p <p67ps> y Wy, Ws, T ) Ha -
jEM,S,2
c

7% (DY (Der Ps) s Was W, ) he — Tk (DY (Dey Ps) s Wy s, 7, ) Hom

Wik (pvg (Des Ps) 5 W,y Ws, Tk) Hy = k

Clearing of the domestic market for home good including the interme-
diate demands,

At T
) =ys — Z O'Sjyj_ysk|:kf+k($+n+(5)

]6m7a76757z7€’g

where ¢,, is the unskilled share of the total work force which remains
constant because both labor categories grow at the same rate.

e Derived demand-supply of sugarcane’:

N e (pvsa UA}u, UA)s: rk) H. apvg c [~ =~ k .
OczlYz — apvg 3pc - Wpc (wu; Ws, T 7pc) Hc =0

SRecall that the cost of sugar production is

17



To derive the inter-temporal system of equations, it is useful to reduce the
dimensionality of the intra-temporal system by replacing the supply variables
y; with their functional forms, see Appendix A for the steps to solve the
system of equations for three variables, p;, p. and k.

4.3.2 Inter-temporal equilibrium

Inter-temporal equilibrium can be reduced to three first order and au-

tonomous differential equations that express closed form functions of /%, Ds, Pe
in terms of the level equivalents. These variables can be obtained from the:

e KEuler equation

. ; ~ Fpsvpc 1—7 ps
E(ps,pc,ps)EEZE( (k )( )_5_p_x+>\sk_)
* (Pms Pas Ds) Ps

e Budget Constraint

B N 1 . .
K (ps,pc, k) =k = m[w (P> Ps) bu + 0° (P, Ds) (Us) +

7(ps; pe)(1 — TV 4 7 (ps, pe) Ha 4 7 (ps, pe) He + 7° (s, pe) Hot

~

w (ps?pc) Hg —¢& (pmapavpmpz) Q] - k(n + (s‘i‘ SU) +T

e Service goods market clearing condition

N Ds i ~ »
€= )\_[ys - Z Usjy] <p57p07 k) - Z Usjyj (psvpc)
s

jem,s,z Jj=a,ce,g,

TC, =

iem,a,s,e,g

Cc* (uA)a UA}}H ’rk) + Z OizPi + Uczpc] ?}z

and rents to ethanol production is given by 7. = 7° (p%, W, W, rk) H.. Then, market
clearing is given by

OTC. | OTC. _ 0n*()H,
8pc apc B 6pc
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— 5 (ps, pe) (k +k(x+n+ 5)) ]
where

7 (ps, pe) = 7 (p™ (pr, ps) , 0" (Ps, Pe) s W (Ds, Pe) » T (Ds, D))

These equations are linear in variables ps,l% and €. The equations are
easily rearranged to yield one closed-form differential equation for each dot
variable as a function of their corresponding level variables. To solve for the

steady state, (if it exists) we set bs, k and ¢ to zero, and solve empirically
for the endogenous level variables p3®, p3°, k*s. Given these values, the intra-
temporal system permits the determination of the steady state values of the
remaining endogenous variables, €2, and consequently, Q" and Q™.

The time elimination method® is used to obtain solution values for the
sequence {p, ps, k}, cioey- The dimensionality of the model permits the cal-
culation of the remaining endogenous variables

{2,0%9"} o (3)

6See Chapter 9, Roe et al.
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5 Comparative statics

The comparative static properties of the model are similar to properties
discussed in the simpler model presented by Roe et al (2010), Chapter 5,and
are thus briefly stated. The intra-temporal conditions admit to a compar-
ative static analysis along the lines of the Stopler-Samuelson (Sto-Sa) and
Rybcyznski (Ry) theorems of the static 2x2 model of a small open economy’.
The reduced form factor rental rate equations obtained from solving the zero
profit conditions are homogenous of degree one in output prices, and hence
Sto-Sa-like results can be obtained. That is, Sto-Sa-like in the sense that
if the price of a final good that employs a factor intensively rises, it is not
necessarily the case that the rental rate of this factor will rise in greater
proportion to the increase in price.

The supply functions are homogeneous of degree zero in prices and of
degree one in factor endowments. Consequently, Ry-like qualitative results
can be obtained. When capital deepening occurs, the unit cost of capital
declines, while the marginal product of labor increases in all sectors, but
relatively more so in sectors that are most capital intensive (agriculture,
sugarcane and ethanol in our case, see table 2 for relative factor intensities).
These sectors then experience a growth in output while the sector employing
labor most intensively will experience a decline in output, all else constant.
However, the proportional change in output may be less than the proportional
change in capital stock.

In the case of home good sectors where the domestic markets must clear,
growth in total factor income causes an increase in the price of the service
good that is necessary in order for the sector to compete for resources that
would otherwise be pulled into the traded good sectors. This effect can be
viewed as having Sto-Sa-like affects on factor rental rates®.

We rely on the well known properties of the indirect profit function 7/ (+)
to explain the supply and factor demand behavior of sectors employing a

"See Woodland (1982) for the statement and proof of these theorems when the 2x2
model is expressed in dual form or Feenstra (2004).

8This prediction depends upon the relative capital intensity of the service sector. If
the service sector is the most capital intensive, price of the service good falls which in turn
can also result in improving the domestic terms of trade for traded goods.
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sector specific resource. Overall, this logic forms the basis of our explanation
below of the model’s solution showing the structural transformation as the
economy approaches long-run equilibrium.

To provide insights into the incentives for households to change the level
of the sector specific resource H;, we draw upon the differential equation
given by the no arbitrage condition (1). Solving this differential equation
yields?.

. X ) —a—n—E)du T
)= [ e T gy @)

t Pk
where py; (t) is the value of the j — th sector specific resource per worker at
time ¢ relative to the price of capital py (t) required for households to have
no incentive to exchange one asset for another at any #'°.If the price of capi-
tal p, was unity throughout transition, the price of land pj, () indicates the
amount of capital that could be exchanged for one hectare of land. How-
ever, since prices are adjusting to satisfy the no arbitrage condition, agents
have no incentive to make such a trade. These asset values are likely to
evolve differently because the evolution of sector rent 7; (¢) is not necessar-
ily monotonic, factor intensities vary among sectors and domestic terms of
trade effects also vary depending upon intermediate input demand. The
"un-normalized" value of py, (t) is given by pp; (t) pi (t) L (0) €™ /H;. This is
the unit value the representative household is willing to pay to acquire an ad-
ditional unit of the sector specific resource H;, all else constant. For the case
of agriculture or sugarcane production where resources are likely required to
convert one type of land use to another or to "harvest" other lands to make
them suitable for cultivation, the evolution of py,, (t) provides insights into the

From the no arbitrage condition and solving for pj, ;we get: pj,; = Phj[r— p—’; —n—z]— i

P Pr

Solving the differential equation we get: *
) t ) —

Big(t) = OB Gy ) - [ BT gy

0 Pk

This equation can be solved for any T' = 0,and then taking the limit as T" — oo, and
using the transversality condition, the equation, for any t, becomes:

o0 . —
ZOE / e H e L g
t Pk

10See Nichols (1970) for one of the earlier derivations of this result and Roe et al (2010)
for a more recent treatment. This equation is the solution to (1)
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effect of economic growth on incentives to expand or contract the quantity
of cultivatable lands.

6 Base model results

We present an overview of results with an emphasis first on levels of
key endogenous variables and then an explanation of the underlying forces
of transition growth giving rise to these results. We place relatively more
emphasis on our main focus; the sugarcane - ethanol - sugar -fossil fuel sectors
of the economy.

6.1 An economy-wide overview

The main results are presented in four tables. The model predicts a
GDP rate of growth of 2.40 percent for the year 2005 (in constant 2004 USD),
which is close to the 2.3 percent reported in the WDI for that year and close
to the average annual rate over the 2000-05 period of 2.56 percent. Total
GDP doubles in 30 years. However, over the fifty year period 2004-54, GDP
per capita only increases from 2,972 to 3,217 in constant 2004 USD (Table
6.a, col. 1). This relatively small increase is due to the country’s population
growth rate in the neighborhood of 1.94 percent per annum. This increase
suggests the country’s potential to increase households’ real income from
transition growth is limited with about 79, years required to double GDP
per capita, assuming the average annual rate of population growth remains
at the 2004-06 average of 1.94 percent per annum. The result stands in
contrast to Chile. Her GDP per capita will double in about 22 years if the
rate of growth in real GDP per capita remains at the 2004-06 average while
for Latin America and the Caribbean the corresponding number of years is
about 32.

The evolution of factor earnings is reported in table 6.a. Over the 2004-
14 period, per worker earnings increased from $2,636 to $2,684 for unskilled
workers and from $6,717 to $6,842 for skilled workers, (table 6.a, columns
3 and 4). This increase averages about 1.9 percent for each category. The
stock of capital per worker increases by 2.4 percent.
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Table 6.a: Evolution of GDP, factor earnings per worker and savings to
GDP in constant 2004 USD, model results.

U wage S wage K
GDP /cap. K fwkr /wkru /swkr earnings Exp /wkr Sav/GDP
2004 2972 26305 2636 6717 2595 4428 0.270
2014 3029 26942 2684 6842 2645 4522 0.268
2024 3079 27452 2728 6954 2688 4601 0.268
2034 3126 27904 2769 7059 2729 4673 0.267
2044 3171 28329 2810 7162 2769 4743 0.267
2054 3217 28744 2850 7265 2809 4811 0.267

AG.Farm Earn S.C.Farm Earn Ethnaol earn FF. Earn  Price of  Price of
/(farm wkr) /(farm wkr) /(E. wkr)  /(f.f. wkr) S.C. Senice

2004 928 1794 5232 3397 1.000 1.000
2014 947 1827 5329 3459 0.998 1.001
2024 964 1857 5415 3515 0.998 1.001
2034 979 1885 5497 3568 0.997 1.001
2044 993 1912 5577 3620 0.997 1.001
2054 1008 1939 5657 3672 0.997 1.001

The level of gross output of all sectors relative to the year 2004 is shown in
the top panel of table 6.b. Gross output of the economy’s major sectors,
industry, agriculture, and service, double within the 2034 to 2044 time range.

Table 6.b: Evolution of sectoral production and share in GDP

Relative to 2004: Gross production of

Agricu- . Fossil
g Cane Senices Sugar Ethanol

Year  Industry

Iture Fuel
2004 1.00 1.00 1.00 1.00 1.00 1.00 1.00
2014 1.23 1.25 1.23 1.24 1.21 1.25 1.23
2024 1.52 1.55 1.51 1.53 1.48 1.54 1.52
2034 1.87 1.92 1.86 1.88 1.81 1.90 1.88
2044 2.30 2.36 2.29 2.32 2.22 2.35 2.31
2054 2.84 2.91 2.82 2.86 2.74 2.89 2.85

Sector share in GDP

Agricu- -ne  Senices Sugar  Ethanol Fossil

lture Fuel
2004 0.168 0.096 0.003 0.715 0.002 0.006 0.009
2014 0.167 0.097 0.003 0.715 0.002 0.007 0.009
2024 0.167 0.097 0.003 0.715 0.002 0.007 0.009
2034 0.167 0.097 0.003 0.715 0.002 0.007 0.009
2044 0.167 0.098 0.003 0.715 0.002 0.007 0.009
2054 0.167 0.098 0.003 0.715 0.002 0.007 0.009

Year Industry
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The bottom panel of the table shows these sectors maintain their shares of
about 16 percent, 9 percent and 71 percent of GDP, respectively, over time,
and hence the change in the structure of the economy is relatively modest.

Primary agriculture’s share in GDP typically for most countries decline
as GDP grows. Brazilian agriculture seems not typical of other countries.
Over the 2000-08 period, primary agriculture as a share of GDP has fallen
for Chile (from 6.1 to 4.2 percent), Mexico (from 4.2 to 3.7 percent), the US
(from 1.2 to 1.1 percent), as well as on average for middle income countries
(from 11.0 to 9.6 percent), while for Brazil, primary agriculture has trended
upward from 6.5 to 6.7 percent over this period (WDI).

The model’s agricultural sector, which includes food processing (and
hence a larger share in GDP than reported by WDI) appears consistent
with these data. Owing to the relatively high growth rate of output, ethanol
increases its share in GDP from 0.6 percent in 2004 to 0.7 percent in 2054,
and doubles output by the year 2034. The growth in ethanol production
exceeds the growth in production of sugar, which indicates that a greater
proportion of cane production, over time, is being allocated to ethanol than
to the production of sugar.

The growth rates in sectoral gross output of the major sectors of the econ-
omy (industry, agriculture and services) are not markedly different, although
agriculture shows a higher annual rate of growth than all other sectors (Table
6.c and 6.d). Since the model features balanced growth, all sectors converge
to the same rate of growth in the long-run. Four sectors converge to this
long-run rate from above; from the highest to the lowest rate of convergence
these are agriculture, ethanol, service and fossil fuels. From the highest to
the lowest rate of convergence from below are Sugar, sugarcane and industry.

These patterns of growth are determined by contributing factors shown
in the tables. They are calculated using the model’s supply functions. The
factors are internal terms of trade, capital stock, labor force growth, and
technical change effects. For sector with specific factors, we find it useful to
measure the resource effects through their effects on wages and capital rents.
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Table 6.c: Growth decomposition for industry, agriculture and services

Industry Contribution of
Growth in ~ Value

Year Gross added
Output price

2004 0.0209 -0.0121 0.1941 -0.1610
2014 0.0209 -0.0059 0.1887 -0.1619
2024 0.0209 -0.0028 0.1861 -0.1624
2034 0.0209 -0.0014 0.1848 -0.1626
2044 0.0209  -0.0007 0.1842  -0.1627
2054 0.0209  -0.0003 0.1839 -0.1627

Capital  Effective
Stock Labor

Agriculture Contribution of
Growth in  Value

Year Gross added
Output price

2004 0.0228 -0.0003 -0.0015 -0.0001 0.0038 0.0209
2014 0.0218 -0.0001 -0.0007 -0.0001 0.0018 0.0209
2024 0.0213  -0.0001 -0.0003  0.0000 0.0009 0.0209
2034 0.0211 0.0000 -0.0002  0.0000 0.0004 0.0209
2044 0.0210 0.0000 -0.0001  0.0000 0.0002 0.0209
2054 0.0209 0.0000 0.0000 0.0000 0.0001 0.0209

Unskilled  Skilled Interest Technical
wage wage rate change

Senice Contribution of
Growth in ~ Value

Year Gross added
Output price

2004 0.0214 0.0006 0.0000 0.0209
2014 0.0211 0.0003 0.0000 0.0209
2024 0.0210 0.0001 0.0000 0.0209
2034 0.0209 0.0001 0.0000 0.0209
2044 0.0209 0.0000 0.0000 0.0209
2054 0.0209 0.0000 0.0000 0.0209

Capital  Effective
Stock Labor
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Table 6.d: Growth decomposition for cane, sugar, ethanol and fuels

Sugarcane

Growth in  Value

Year Gross added
Output price

2004 0.0204  -0.0023 -0.0009  0.0000 0.0027 0.0209
2014 0.0206  -0.0011 -0.0004  0.0000 0.0013 0.0209
2024 0.0207  -0.0005 -0.0002  0.0000 0.0006 0.0209
2034 0.0208 -0.0003 -0.0001  0.0000 0.0003 0.0209
2044 0.0208 -0.0001  0.0000 0.0000 0.0001 0.0209
2054 0.0208 -0.0001  0.0000 0.0000 0.0001 0.0209

Unskilled  Skilled Interest  Technical
wage wage rate change

Sugar Contribution of
. Value Value
Growth
o n added added Capital  Effective
vear Gross rice wrt pricewrt  Stock Labor
Output P P

cane senices

2004 0.0184 0.9345  -0.2178 -11.4408 10.7425
2014 0.0196 0.4591  -0.1067 -11.3069 10.9741
2024 0.0202 0.2240  -0.0520 -11.2414 11.0896
2034 0.0206 0.1089  -0.0253 -11.2096 11.1465
2044 0.0207 0.0529  -0.0123 -11.1941 11.1742
2054 0.0208 0.0256  -0.0059 -11.1866 11.1877

Ethanol

Growth in  Value

Year Gross added
Output price

2004 0.0223 0.0002  -0.0003 -0.0001 0.0016 0.0209
2014 0.0215 0.0001  -0.0001  0.0000 0.0007 0.0209
2024 0.0212 0.0001  -0.0001  0.0000 0.0004 0.0209
2034 0.0210 0.0000 0.0000 0.0000 0.0002 0.0209
2044 0.0209 0.0000 0.0000 0.0000 0.0001 0.0209
2054 0.0209 0.0000 0.0000 0.0000 0.0000 0.0209

Unskilled  Skilled Interest  Technical
wage wage rate change

F.F.

Growth in  Value

Year Gross added
Output price

2004 0.0211  -0.0001 -0.0004 -0.0001  0.0008 0.0209
2014 0.0210 0.0000 -0.0002  0.0000 0.0004 0.0209
2024 0.0209 0.0000 -0.0001  0.0000 0.0002 0.0209
2034 0.0209 0.0000 0.0000 0.0000 0.0001 0.0209
2044 0.0209 0.0000 0.0000 0.0000 0.0000 0.0209
2054 0.0209 0.0000 0.0000 0.0000 0.0000 0.0209

Unskilled  Skilled Interest  Technical
wage wage rate change

We next use these results to explain the main economic forces determining
the country’s growth path.
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6.2 Major economic forces of transition growth

The basic economics of transition growth can be explained as follows. As
capital deepening occurs!!, the relatively most capital intensive sectors of the
economy (e.g., agriculture, ethanol, sugarcane) experience a Rybczynski-like
(Ry) effect by employing proportionately more capital, which increases the
productivity of labor in these sectors relative to the labor intensive sectors
of the economy (service for skilled labor and industry and sugar for the
unskilled labor). The rise in the productivity of labor in the capital intensive
sectors, all else constant, causes these sectors to increase the quantity of
labor demanded which can only be obtained by an increase in the wage
rates. Labor intensive sectors thus experience a rise in production costs in
spite of the decline in the rental rate of capital. The effect of these forces
dampens, as the economy reaches its long-run equilibrium. Because of price
changes for the service good and sugarcane, these capital deepening effects
can be dampened or outweighed by changes in the domestic terms of trade.

The terms of trade effect arise from domestic changes in intermediate
input and final good demand. The rise in factor income from growth in wages,
the stock of capital and sector specific factor rents, augments the quantity
demanded of all final goods, as well as the quantity for intermediate inputs
employed in production. In order for the service sector’s market to clear, its
price must rise (Table 6.a), as shown by the contribution of an increase in
the sector’s value added price to growth in service sector output (Table 6.c),
to compete for the resources that would otherwise be employed in the capital
intensive sectors. The price of the service good therefore also converges from
below to its long-run value. If a sector is capital intensive and its output
price is determined in the domestic market, as is the case with sugarcane,
then it is possible for capital deepening to lower the cost of production to
such a degree that the domestic market for sugarcane clears at a lower price
(Table 6.a). In this case, the price of sugarcane declines and converges from
above to its long-run value. This effect lowers the cost of sugarcane as an
input into the processing of ethanol and sugar.

For agriculture, industry and ethanol, the positive effects of capital deep-

Tn transition growth, the growth in capital stock exceeds the rate of growth in the
labor force. All else equal, these Rybczynski effects exceed the same effects from the
growth in the labor supply.
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ening dominate the effects of growth in labor services (as can be seen for
these sectors by contrasting the capital stock column with the effective la-
bor column and the interest rate effect column with the wage effect column,
Table 6.c and 6.d). Ethanol recieves an additional positive effect from price
effects due to the decline in sugarcane prices, which accounts for about 25
percent of the total cost of ethanol production. These are the major effects
causing the growth of these sectors to converge from above to their long-run
rate of output growth.

The service sector’s main source of growth is due to growth in effective
labor supply followed by the positive terms of trade effect while capital effect
is virtually null. Fossil fuel production’s convergence from above to its long-
run equilibrium, though only slightly higher than that of industry, is due
to its capital intensity and hence the lowering of cost due to the decline in
capital rents tending to dominate the negative effects of the rise in wages
for skilled and unskilled workers. Like industry, agriculture and ethanol’s
domestic terms of trade effects are negative. The magnitude of these effects
depend upon the share of service good, as an intermediate input, in their total
production costs. Ethanol producers also pay for sugarcane, whose price is
endogenous. Since the price paid for sugarcane falls, as discussed below, this
tends to dampen the negative effect of the rise in price of the service good
that ethanol producers must purchase as an intermediate input.

Only sugarcane and sugar experience output growth convergence from
below to their long-run growth rate. Brazil is one of the world’s major sug-
arcane producers, and data show cane production to be capital intensive.
The rise in the price of the service sector (a non-traded good) contributes to
a decline in the internal terms of trade for the internationally traded goods.
In the case of sugarcane, its price declines over time, while its production
rises. The model validates well the observed decline in cane price, Appendix
B, figure 6. This apparent paradox is due to the fact that cane is a relatively
capital intensive sector, cane production expands as capital deepening oc-
curs, which puts downward pressure on cane price. On the other hand, the
increase in cane demand from ethanol and sugar sectors pressure the cane
price to rise. The net effect is a decline in cane price because the capital deep-
ening effect outweighs the demand effect. Hence the negative effects reported
in Table 6.d, column 3. The positive effect of capital deepening on cane pro-
duction (Table 6.d, column 6) outweighs the negative sugarcane price effect
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on production. Over time, the negative effect from the decline in sugarcane
price dampens relative to the positive effect of capital accumulation. The
net result of these effects causes increasing growth in cane production.

For the sugar sector, the decline in cane prices has positive effects on its
production but this is dampened by the increase in the service good price
(Table 6.d, column 3 and 4). The net effect is positive since cane accounts
for 29.3 percent of the total cost of sugar production versus about 25 per-
cent for services as an intermediate input. The growth in labor services has
also a positive effect since sugar is unskilled labor intensive. These effects
dominate the effect of capital deepening (which is negative, since sugar is the
least capital intensive). The net dampening effect of these forces causes an
increase in the growth of sugar production over time.

Capital deepening has also an effect on the value of sector specific resource
as given by equation (1). The results reported in table 6.e are expressed in
terms of value per hectare for the case of agriculture and sugarcane. These
are the prices that need to prevail so that agents have no incentive to sell one
asset in exchange for another. These sector specific resources are mostly em-
bodied by land, although they also include pasture land and other resources
specific to just that sector. Table 6.e shows that over time, land in these
sectors is becoming scarce relative to the capital asset.

Table 6.e: Price of land evolution for agriculture and sugarcane

Ag. value of Cane Growth  Growth
Year value of
land/Ha rate rate

land/Ha

2004 485 1221

2014 596 1491 22.94%  22.07%

2024 725 1807 21.62%  21.20%

2034 872 2170 20.30%  20.09%

2044 1035 2572 18.62%  18.52%

2054 1202 2987 16.19% 16.14%

Since returns to capital are falling in the presence of capital deepening, while
returns to land remain relatively constant over the transition path (Table 6.f),
the price of land in either sector rises in order to sustain the no arbitrage
condition (Table 6.e). Land in agriculture has a different price from that in
cane because they really are different resources. From equation 1, one can
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see that the differences in land values between agriculture and sugarcane are
largely determined by the differences between the returns to land of each
sector (m, (t) — 7. (t)) since the rest of the variables are the same for each
sector. Table 6.f shows the evolution of the returns to land for agriculture
and sugarcane and their respective growth rates. The positive growth rates
for agriculture signal that the returns to agriculture land converge from above
the steady state, on the other hand, the negative growth rates for cane signal
that cane returns to land converge from bellow to its steady state values'?.
Given these growth rates it follows that growth in cane land price is smaller
than the growth in agricultural land price (Table 6.f).

Table 6.f: Returns to land evolution for agriculture and sugarcane.

Year Ta/Ha mc/Ha Growth Growth

rate rate
2004 18.18 47.00
2014 18.44 46.68 1.40%  -0.68%
2024 18.56 46.53 0.67%  -0.33%
2034 18.62 46.46 0.33%  -0.16%
2044 18.65 46.42 0.16%  -0.08%
2054 18.66 46.40 0.08%  -0.04%

Last, the evolution of land prices also suggests how much a household is
willing to pay for an incremental increase in the stock of the sector spe-
cific resource, all else constant. To convert other lands to agricultural or to
cane land almost surely requires resources to carry out. So it is unknown
whether the results suggest incentives for "harvesting" of other otherwise
unused lands. If so, one might expect incentives exist to expand land areas
in cane and agriculture.

12Total differentiation of agriculture and cane rents will determine convergency:

(=) (=) (+) (=) (=) (=) (+)

Fo _ Lathy®y Lo ®s Koi* o Fe  YEP  Letbyy  Lats s Ko i*
Ta T Wy T ws wrk Te TP T Wy T Wy wrk
(4= from above) (—=from below)
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6.3 Effects of a decrease in the cost of domestic finan-
cial intermediation

The cost of financial intermediation is reported to be 11.5 percent in
Brazil (Caprio and Levine, 2001), which it is significantly higher than the
average for many other Latin American and upper middle income grouping
of countries. In order to analyze the effect of this tax in the Brazilian energy
sectors, this is reduced to 8.5 percent with respect to the base. Lowering
intermediation costs increases the capital interest received by households
while lowering the capital rental payments of firms, for each t. Those sectors
that are most capital intensive experience more rapid growth than in the
base solution. The effects on the economy thus modify the forces discussed
for the base solution, but do not reverse them. Discussion is focused on the
degree these forces are modified.

Table 6.g reports the results of this simulation relative to the base solu-
tion. Lowering the cost of financial intermediation results in a higher level
of GDP, 2.2 percent higher by 2024, but the rate of growth converges to the
same rate as the base, x+n. Consequently, growth rates are higher in the
earlier periods of transition than the base.

Table 6.g: Effect of a domestic financial intermediation cost reduction
relative to the baseline.

GDP Real exp. Savings Cane Price Senice Price Cane to Sugar Cane to Ethanol

2004  1.000 0.974 1.071 1.000 1.000 1.000 1.000
2014  1.015 0.995 1.052 0.995 1.002 0.943 1.032
2024 1.022 1.006 1.043 0.993 1.003 0.913 1.048
2034  1.025 1.011 1.039 0.991 1.003 0.899 1.056
2044 1.027 1.013 1.036 0.991 1.003 0.891 1.059
2054  1.028 1.014 1.035 0.991 1.004 0.888 1.061

Now, households have an incentive to save more, but still are able to increase
the real expenditure’s relative to the base solution (Table 6.g, column 3 and
4).

The capital intensive sectors ( agriculture and ethanol in this case) expe-
rience stronger Ry-like effects, increasing output compared to the base line
results by 6.4 percent for agriculture and by 4.8 percent for ethanol by 2024
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(Table 6.h). At the same time, their shares in GDP increase at a higher
rate than the base (Table6.h, column 3,4 and 7). The case of cane is special,
because even though it is capital intensive, its production increases at a de-
creasing rate of growth with respect to the base over time; this is due to its
price declining at a higher rate than the base. Growth in cane production
is 1.7 percent lower by 2024 than in the base (Table 6.h, column 4). The
decline in cane prices "off-sets" the positive effect of capital deepening.

The decline in cane prices lowers the cost of ethanol and sugar production
relative to the base. However, the differences in the cost of ethanol and
sugar production cause the growth in ethanol production to rise faster than
base and sugar production to rise slower than base. Hence, relative to base,
intermediate demand for cane in the production of ethanol rises and it falls
for sugar (Table 6.g, column 7 and 8). Ethanol production rises relative to
base because of the positive effects of capital deepening and a decline in cane
prices that dominate, to a greater extent than that of the base, the larger
negative terms of trade effect and the rise in wage effects. All these effects
together cause ethanol and agriculture’s production to exceed the growth in
output of the rest of the sectors.

Thus, agriculture, cane and ethanol’s increased competition for resources
again comes at the expense of the relatively labor intensive sectors, sugar and
service, which experience an even higher rise in production costs compare to
the base. The service sector competes for resources by increasing its price
even more now, 0.3 percent more than the base by 2024 (Table6.g, column
6).

On the other hand, the sugar sector cannot increase its price, so it is
less able to compete for these resources relative to the base solution. At the
same time, sugar production costs have raised compared to the base, since
the price of services and wages increased relative to base. Therefore, sugar
production increases over time at a decreasing rate compare to the base, by
2024 it is 8.7 percent lower now than the base (Table 6.h, column 6). The
only positive effect on sugar production cost is the decline on cane prices but
this effect is not sufficient to outweigh the negative effects. Effectively, sugar
has to compete for cane with the ethanol sector, which has become relatively
more competitive due to the mentioned effects.

Industry and fossil fuel sectors cannot increase their prices to compete for
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resources. Nevertheless, relative to base, the "stronger" Ryb effects of capital
deepening dominate the more negative terms of trade effects so growth in
their gross outputs exceed the base solution.

Reducing the cost of financial intermediation thus increases agriculture,
cane and ethanol production, while higher factor income stimulates both
intermediate and final demand for service goods (Table 6.h).

Table 6.h: Effect of a domestic financial intermediation cost reduction for
each sector relative to base.

Relativefolaseline:@ross@roduction®f
AT e Services Sugar Ethanol Fossi

Iture Fuel
2004 1.001 1.000 1.000 1.000 1.000 1.000 0.998
2014 1.002 1.043 0989 1.012 0.943 1.032 1.002
2024 1.002 1.064 0.983 1.018 0.913 1.048 1.004
2034 1.002 1.075 0.980 1.021 0.899 1.056 1.005
2044 1.002 1.080 0.979 1.022 0.891 1.059 1.006
2054 1.002 1.082 0978 1.023 0.888 1.061 1.006

Year Industry

Share@®fBector@alue@ddeddniGDP
AGCU e Services Sugar Ethanol Fossi
Iture Fuel
2004  1.001 1.000 1.000 1.000 1.000 1.000 0.983
2014  0.987 1.028 0.966 1.000 0.934 1.020 0.972
2024  0.979 1.041 0949 1.000 0.900 1.029 0.967
2034 0.976 1.048 0.941 1.000 0.884 1.034 0.965

2044 0.974 1.051  0.937 1.000 0.876 1.036 0.964
2054 0.973 1.052  0.936 1.000 0.872  1.037 0.963

Year Industry

Last, the decrease in the cost of capital intermediation also has an effect on
the land value for agriculture and cane. The results in table 6.i are expressed
relative to the base values, and can be observed that land value competitive-
ness of agricultural and cane increases as well as the rate effects. This is due
to the fact that now capital deepening occurs more rapidly and since both
sectors are relatively capital intensive, their land prices now need to increase
more relative to the base in order to hold the no-arbitrage condition.

Agriculture’s land price rises then by 10.9 percent in earlier years and up
to 14.4 percent in the long run relative to the base. In the case of cane, the
land price raises by around 2 percent compare to the base for all periods, this
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increase is more modest than in agriculture because the capital deepening
effect is dampened by the cane price effect, which now decreases more rapidly
than in the base.
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Table 6.i: Price of land evolution for agriculture and sugarcane relative
to the base.

Cane

Ag. value Growth Growth
Year value of

of land/Ha rate rate

land/Ha

2004 1.109 1.023
2014 1.138 1.029 2.63% 0.58%
2024 1.150 1.029 1.03% 0.04%
2034 1.152 1.026 0.22% -0.27%
2044 1.150 1.021 -0.23% -0.47%
2054 1.144 1.015 -0.52% -0.64%

Now, agriculture and cane firms have more command over the economy’s
resources, so the returns to agricultural land rises by 4.2 percent in 2004, but
increases up to 8 percent in the long run with respect to the base. In the
case of cane, since the price of cane is falling more rapidly now, this is not
overcomed by capital deepening and therefore, returns to cane land decrease
with respect to the base by 2 percent in ealier periods and up to 4 percent
in the long run.

Table 6.j: Returns to land evolution for agriculture and sugarcane.

Growth Growth

Year Ta/Ha Tc/Ha
rate rate

2004 1.000 1.000

2014 1.042 0.980 4.25%  -2.05%
2024 1.063 0.969 2.00%  -1.03%
2034 1.073 0.965 0.96%  -0.51%
2044 1.078 0.962 0.47%  -0.25%
2054 1.081 0.961 0.23%  -0.12%

6.4 Effects of a price increase in the ethanol sugar and
fossil fuel sectors

The world demand for Brazilian ethanol is expected to increase since
many countries are changing their policies to encourage the substitution of
biofuels for fossil fuels (Martines-Filho et al., 2006). While it is well known
that primary commodity prices are highly correlated (Krichene 2008), the
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production of ethanol has been one of the factors linking the increase in
world corn and sugar prices to the rise in the price of fossil fuels (Trostle 2008,
Mitchell, 2008) The correlation between Brazilian ethanol, sugar and gasoline
prices are shown in Figure 2. A report from the U.S. Energy Information
Administration (2010) expects the real price of ethanol to increase by 2.6%
next year. Therefore, increasing the price of ethanol in the model requires
that we also account for the correlation with real market prices of sugar and
petroleum. Using the correlation coefficients reported in Figure 2, implies
that an increase in the real price of ethanol of 2.6 percent is likely to be
associated with an increase in the price of sugar of 1.4 percent and an increase
in the real price of fossil fuel of 2.06 percent.

The impact of these price changes on the economy and on the sugarcane
- ethanol - sugar - fossil fuel markets in particular, depend mostly on the
following fours factors: first, the positive external terms of trade effect of a
rise in the price of ethanol and sugar, which Brazil exports. Second, the
negative terms of trade effect of the rise in fossil fuel prices, which Brazil
imports. Third, the domestic terms of trade effects from the change in the
cane prices (non-internationally traded good), and last, the relative factor
intensities of the various sectors as factor markets re-equilibrate and sectoral
production costs change. The resulting net effect of these four features in
some cases are counter veiling, as they move in opposite directions; in the case
of sugar the positive external terms of trade is dampened by the domestic
terms of trade, which are explained below.

Nevertheless, the fundamental forces of transition growth of the base
model remain unchanged, only changes in their magnitudes are altered, and
in terms of GDP and other macro-aggregates, little change is found. We thus
begin the discussion of the results by focusing on the sectors most strongly
affected by the price changes.

The direct effects of raising ethanol, sugar and fossil fuel prices are the
expansion of the economy’s production of ethanol, and fossil fuel relative to
the base solution, while sugar production declines (due to the net effect of the
four factors mentioned above). Ethanol increases gross output production by
12.2 percent per annum, fossil fuel increases by about 2.3 percent per annum,
while sugar production decreases by 2 percent per annum initially and by 2.4
percent in later years (Table 6.k).
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Table 6.k: Effect of a price increase in ethanol, sugar and fossil fuels
sectors on gross production and sector shares relative to base.

Relativeobaseline:@Grossiroduction@df
Agricu- Cane Services Sugar Ethanol Fossil

Iture Fuel
2004  0.994 1.001 1.052 1.000 0980 1.122 1.023
2014  0.994 1.001 1.052 1.000 0978 1.122 1.023
2024  0.994 1.001 1.052 1.000 0977 1122 1.022
2034  0.994 1.001 1.052 1.000 0977 1122 1.022
2044  0.994 1.001 1.052 1.000 0976 1.122 1.022
2054  0.994 1.001 1.052 1.000 0976 1.122 1.022

Year Industry

Share@®fBectorWalue@ddeddnfEDP
AGMCU- e Services Sugar Ethanol Fossil
Iture Fuel
2004  0.994 1.001 1.063 0999 0.980 1.170 1.020
2014 0.994 1.001 1.063 0.999 0.978 1.170 1.019
2024 0.994 1.001 1.063 0.999 0.977 1.170 1.019
2034 0.994 1.001 1.063 0.999 0.976 1.170 1.019
2044 0.994 1.001 1.063 0.999 0.976 1.170 1.019
2054  0.994 1.001 1.063 0.999 0976 1.170 1.019

Year Industry

Cane is employed in the production of ethanol and sugar. One of the indirect
effects of these price changes is an increase in derived demand for cane causing
its price to raise by 0.5 percent relative to base, and to remain above its base
for all ¢ (Table 1). Nevertheless, as in the base solution, the cane price
converges to its long-run equilibrium from above.

Table 6.1: Effect of a price increase in ethanol, sugar and fossil fuels
sectors relative to base.

GDP Cane Price Senice Price Cane to Sugar Cane to Ethanol

2004  1.000 1.005 1.000 0.980 1.122
2014 1.000 1.005 1.000 0.978 1.122
2024 1.000 1.005 1.000 0.977 1.122
2034  1.000 1.005 1.000 0.977 1.122
2044 1.000 1.005 1.000 0.976 1.122
2054  1.000 1.005 1.000 0.976 1.122

The effect of a cane price rise relative to the base can be divided into the
direct and the indirect effect on the domestic internal terms of trade. The
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rise in cane price relative to unchanging prices of the rest of the goods moti-
vates producers to increase sugarcane production (gross output is 5.2 percent
above base values for all ¢, table 6.k). The indirect effect is to dissuade the
employment of cane as an intermediate factor of production in ethanol and
sugar. However, these effects are greater for sugar than ethanol since cane
accounts for 29% of the gross value added for sugar compared to 25 % for
ethanol (Table 6.1, column 5 and 6). The 1.4 percent rise in sugar price is
insufficient to cover the rise in costs of production, resulting in a decrease in
sugar production by 2 percent with respect to the base, while the ethanol
sector’s price increase overcomes these costs and raises production by 12.2
percent. Hence, relative to the base, intermediate demand for cane in the
production of ethanol rises and it falls for sugar, in spite of the increase in
the price of sugar (Table 6.k, column 6 and 7).

The last major factor contributing to the economy-wide effects of these
price changes is the relative factor intensities of the various sectors as factor
markets re-equilibrate. In order for ethanol’s gross output to increase relative
to the base, the sector must pull resources from the rest of the economy.
Given that ethanol is capital intensive, the sector increases the quantity of
capital employed relative to the base for all t, and consequently the quantity
of both skilled and unskilled labor increase (see Table 6.k).

Industry’s unit cost of production rise primary due to the raise on energy
prices, which account for 5 percent of total cost of production. Therefore, its
gross output declines relative to the base by 0.6 percent for all t. Industry
and sugar thus release capital and labor resources to the other sectors relative
to the base solution.

The services and agriculture sectors are barely affected by the change in
prices, the service sector price is the same as in the base solution, and rises
as capital deepening occurs. Agriculture’s gross output rises by 0.1 percent
with respect to the base for all ¢. This result obtains because the rise in
energy prices and countervailed by the decline in labor and capital costs.

Last, the energy prices change also has an effect on the value of land
for agriculture and cane. The results in table 6.m are expressed relative to
the base values; in this case, the price of agricultural land and its returns
to land barely change, increasing both by a 0.1 percent relative to the base.
On the other hand, the competitiveness of the cane land increases but the
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rate effects remain mostly unchanged. Cane firms have more command over
the economy’s resources, so the returns to cane land rises by 6.2 percent
with respect to the base. The price of cane land also rises by 6.2 percent
with respect to the base, which reflects that, all else constant, there is an
increased incentive to convert other lands to cane.

Table 6.m: Evolution of prices and returns to land for agriculture and
sugarcane relative to the base.

Land@rices
Ag. value Cane Growth  Growth
Year of land/Ha value of rate rate
land/Ha
2004 1.001 1.062
2014 1.001 1.062 0.01% 0.01%
2024 1.001 1.062 0.01% 0.01%
2034 1.001 1.062 0.00% 0.00%
2044 1.001 1.063 0.00% 0.00%
2054 1.001 1.063 0.00% 0.00%
Returnsfoffland
Year Ta/Ha Tc/Ha G:Z\tl\;th G:ca):\éth
2004 1.001 1.062
2014 1.001 1.062 0.02% 0.01%
2024 1.001 1.062 0.01% 0.01%
2034 1.001 1.063 0.00% 0.00%
2044 1.001 1.063 0.00% 0.00%
2054 1.001 1.063 0.00% 0.00%

7 Conclusion

Approximately 90% of the world’s commercially produced energy is obtained
from non-renewable fossil fuels such as crude oil, coal, and gas (Birur et
al. 2008). In order to enhance energy security and independence, many
countries, such as Brazil, have supported the production and use of renewable
energy sources such as biofuels. According to Martines et al. 2006, Brazil
is the only country in the world able to produce ethanol from sugarcane at
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sufficiently low costs to be competitive. As ethanol in Brazil is made from
sugarcane, sugar industry developments are now increasingly linked to policy
initiatives in ethanol markets. Sugar represents a particularly important
component of Brazil’s economy, with the sugar/ethanol industry contributing
2% to national gross domestic product (Valdes, C. 2007) which places Brazil
as the world’s largest exporter of sugar and ethanol (ANFAVEA, 2006). A
complex linkage between the production of sugarcane, sugar and ethanol has
evolved as per capita income has grown and capital deepening has occurred.

Two major factors are felt to contribute to the growth of biofuels, one of
which is due to the fundamental forces of capital deepening and the other
to the improvement in the external terms of trade, induced indirectly by the
rise in fossil fuel prices and the complex inter-linkages with the sugar sector.

Though there is a plethora of literature modeling the economics of bio-
fuels, one major problem of these studies is that they do not provide a vali-
dating exercise of their models’ forecasts. In addition, they fail to depict the
economic forces of structural transformation in which sectors of the economy
compete for economy-wide resources in the process of economic growth, and
hence these models poorly capture, if at all, the effects of possible impedi-
ments to growth on the biofuel sector or the dynamic effects of changes in a
countries terms of trade over time.

The unique contribution of this study is to analytically and empirically
examine the interaction between Brazil’s economic growth and the evolution
of the bio-fuel sector and its links to sugar cane, sugar and fossil fuel pro-
duction as the economy transitions toward long-run equilibrium. The study
fits to Brazilian data to a Ramsey-like model with seven sectors, depicting
interconnections of the economy through various channels. The study also
provides insights into what extent the structure of the economy changes over
time, and whether such transition forces differ from the base solution given
different initial conditions.

The baseline model result shows Gross Domestic Product per capita in-
creases marginally over the fifty year period 2004-2055, 2,972 to 3,217 in con-
stant 2004 USD. This increase suggests the country’s potential to increase
household’s real income per capita from transition growth is somewhat lim-
ited requiring 79 years to double income, thus suggesting that impediments
to growth are embodied in the data and hence in the model’s parameters.
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Brazilian agriculture seems not typical of other countries, as it is capital in-
tensive. The basic underlying economic forces of transition growth are such
that increase the agricultural and ethanol sectors’ share in GDP, while the
rest of the sectors’ share decrease or remain unchanged. Accompanying this
transition is capital deepening in all sectors of the economy, rising wages and
sector specific rents. More specifically, for the case of agriculture and cane,
the sector specific is mainly land, the evolution of land price is evaluated for
each sector, and both are expected to rise as capital deepening occurs. Land
prices also suggest how much a household is willing to pay for an incremen-
tal increase in the stock of land, all else constant. To convert other lands to
agricultural or to cane land almost surely requires resources to carry out. So
it is unknown whether the results suggest incentives for "harvesting" of other
otherwise unused lands. If so, one might expect incentives exist to expand
land areas in cane and agriculture.

The rise in the price of the service sector (a non-traded good) contributes
to a decline in the internal terms of trade for the internationally traded goods.
In the case of sugarcane, the other non-traded good, its price declines over
time, while its production rises. Only a general equilibrium model is able to
see that due to the fact that cane is a relatively capital intensive sector, cane
production expands as capital deepening occurs to such an extent that the
growth in derived demand for cane from ethanol and sugar cause the market
clearing price of cane to fall, as the capital deepening effect outweighs the
demand effect.

A the same time, the decline in cane prices lowers the cost of sugarcane
as an input into the processing of ethanol and sugar. Therefore, for ethanol,
the positive effect of capital deepening and decline of cane prices dominate
the negative effect of service sector rise in price. In the case of sugar, the
net effect of price changes in the nontrade goods is positive as cane accounts
for a higher percent of sugar’s production than the service sector, but given
that sugar is relatively unskilled labor intensive, its share in GDP declines
over time.

Two simulations are performed: decreasing the domestic cost of financial
intermediation and increasing the price of ethanol, sugar and fossil fuels. De-
creasing the domestic cost of financial intermediation increases the incentive
for households to save which in turn increases the country’s rate of capital
deepening. While capital deepening induces all sectors to increase output,
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the most capital intensive sectors tend to increase output over base line val-
ues to the largest degree. Competition for resources causes the share of the
agricultural and ethanol sectors in GDP to increase (since they are relatively
capital intensive), while sugar cannot compete for resources and decreases
its production relative to the base. Higher factor income stimulates both
intermediate and final demand for service goods, and the stronger effects of
capital deepening dominate the more negative terms of trade for Industry
and fossil fuels, for which growth exceeds the base solution. The case of
cane is special, because even though it is capital intensive, its production
increases at a decreasing rate of growth with respect to the base over time;
this is due to its price declining at a higher rate than the base. Last, land
competitiveness for agriculture and cane increases as well as the rate effects
in order to hold the no arbitrage condition.

The direct effect of increasing ethanol, sugar and fossil fuel prices are
the expansion of the economy’s production of ethanol and fossil fuel while
sugar production declines due to counter veiling forces (own price rise versus
cane price rising). Therefore, the indirect effect of these price changes is
the increase in derived demand for cane causing its price to rise. Last, land
competitiveness for cane increases while the rate effects are unchanged.
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8 Appendix A

To derive the inter-temporal system of equations, it is useful to reduce
the dimensionality of the intra-temporal system by replacing the supply vari-
ables ¢; with their functional forms.

From zero profit we obtain
Wy = 0" (Ps; pe) = W*(Pum, Pus: Poz)

ws =w’ (psvpc) = Ws(pvmapvsapvz)

Tk = f(ps,pc) = R(pvmapvsapvz)

These equations are homogeneous of degree zero in prices; however, p, and
p. are endogenous variables. Nevertheless, these equations can be substituted
into the factor market clearing equations for W* (pym, Puss Ws) , W* (Dum, Dus, Ws)
and R (Dym, Pus, Ws) . Since the resulting equations are linear in output, we
easily obtain the supply functions

~

Y; = gj <psvpcak> y ] =m,Ss,z

The supply function for agriculture, sugarcane, ethanol and fossil fuels can
be expressed in output price alone by substituting the rental rate equations
into the partial equilibrium supply function for j = a, ¢, ¢, g to obtain

— 87ra(pva (ptaps) 7uAju7 wsa 7ak)[{a
Pva

~ ~a

Ya =Y (p57pc) = ya (pvau UA)uu ws’rk> H,

_ O (P (pe, ps) s Wy W, ) H,

A

Ye = gc (psapc>

y© (€, Wy, s, ") H,

Due
. e (ve 5 = O (p*® (pt, ps) , W, W, %) H.
Je = T (D5, pe) = 4 (p°, Wy W, ) He = (" (pt p) ) He
ve
> ~ Vg N N 87Tg(pvg D¢, Ds 7wu>wsark H
vg

Thus, the home good market clearing condition can be expressed as
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The clearing condition for the ethanol sector becomes,
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9 Appendix B

9.1 Confronting model forecasts to the data

Numerical measures of the model’s forecast accuracy are reported in
table 15. Pearson’s correlation coefficient provides a linear measure of the
correlation between the data and the forecast without accounting for differ-
ences in the level of the variables in the two series. As can be seen in table
15, the correlation in each sector and GDP is extremely high. Lin’s (1989)
concordance correlation measure is bounded between zero and unity, and ac-
counts for discrepancies between the means of the two series. The result of
this measure tells us that the Economy’s agricultural sector has the lowest
correlation. The mean absolute error is relatively lower for the GDP’s fore-
cast and pretty high for Agriculture. Theil’s U statistic is unbounded from
above with smaller values indicating a closer fit to the data. This measure
also tends to show the predicted values for GDP to be lower than in the case
of the other sectors, agriculture is again relatively high. But overall, these
measures show that the model’s forecast accuracy is pretty high.

Table 15: Measures of the model’s forecast accuracy, 1995-2005.

Economy Agriculture Industry  Senvice
Measure GDP GDP GDP GDP

Correlation Coefficient 0.9868 0.9858 0.9315 0.9891
Concordance Correlation

Coefficient 0.0102 0.1036  0.0136  0.0816
Theil's U Statistic 0.0451  0.6457  0.4823  0.4001
Mean Absolute Error (%) 4.26 64.95 48.19 39.67

9.2 Validation results

The reluctance to validate structural models has been one of the main
critiques leading to some skepticism as to their value in explaining and pre-
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dicting economic events. Many early practitioners of applied general equi-
librium models dismissed the need for validation. Kehoe (2003) suggests
ex-post performance evaluations of applied general equilibrium models are
essential if policy makers are to have confidence in the results produced by
them.

Typically, the model provides the trajectory for a larger set of variables
than are available in the form of time series data. We limit our comparison
of model predictions to economy and sectoral GDP which we contrast with
data taken from the WDI. Model predictions are indicated by the dashed
line in Figure 4. The model is fit to the data such that the initial year is
2001 and then solved to provide predictions backward to 1995 and forward.
The upper left-hand chart shows the model’s forecast of GDP value added
in terms of GDP’s value in the base year 2001. The three remaining charts
express sector value added in terms of the respective sector value in the base
year 2001. The reason for this normalization is because of differences in GDP
and sector’s definitions.

Briefly, the problem is that the International Standard Industrial Classi-
fication (ISIC) defining the sectors in the WDI data are not the ideal classi-
fication needed for the model. For example, agriculture corresponds to ISIC
divisions 1-5 in the WDI data. This division includes crop and animal agri-
culture, hunting and related service activities, forestry, fishing and mining
of coal. Food products are included in manufacturing. Thus, the ISIC 1-5
aggregation for agriculture is not an appropriate characterization of the sec-
tor’s output, if in the modeled economy; the sector’s output is treated as a
final good. The additional subsectors in agriculture cause the model’s agri-
culture GDP to exceed that of the WDI by about 23 percent in the initial
year 2001. Similar adjustments are made to the GDP, industrial and service
sectors, which cause industrial sector GDP to exceed that of the WDI by 17
percent, while the service sector and GDP are underestimated by the model
by 35 percent and 17 percent respectively.

In spite of the differences between the WDI and model’s definition of
sectoral GDP, the predicted values should show a similar trend to the data
if the model captures some of the fundamental structural features of the
economy. In this case, validation was done one two of the working models
against data, and as it can be seen in Figures 4 to 7, the model predicts
extremely well the trends in the data.
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Figure 2: GDP
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Figure 4: Agriculture
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Figure 5: Services
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Figure 6: Cane price validation
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