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Abstract
 

MCDILL,. MARC E. 
Reforestation 
Incentives 
an the Economic
 

Structure of 
the Charcoa Market 
in Minas Gerais. Brazil.
 

(Under the direction of 
Dr. Jan G. Laarman.)
 

This paper presents the results of study of
a 
 the
 

Brazilian fiscal incentives for forestry and the prog -am's
 

effect on 
the charcoal market 
in Minas Gerais, Brazil. The
 

incentives were 
intended to 
increase the area of industrisl
 

plantations--most 
of which are eucalyptus. Most of the wood
 

produced 
in these eucalyptus plantations is converted to
 

charcoal, which is 
then used as a reducing agent in the
 

state's extensive iron and 
steel industry.
 

An investment model 
of the planting decision for
 

eucalVptLus was estimated. 
 This model measures the effect on
 

planting levels of 
the subsidy program's limits 
on the
 

percentage of 
taxes due eligible for tax 
credits and
 

attempts to measure what 
area might have been planted
 

without 
the incentives. 
 The results indicate that the
 

incentives limits 
are negatively related 
to the amount of
 

planting done--i.e., when 
the limits were high, less
 

planting -as done. 
 Apparently, some other factor 
more
 

effectively 
limited participation in 
the program.
 

Supply and demand functions for plantation-origin
 

charcoal 
were estimated. 
 Demand function estimates were
 

inconclusive, but 
theoretical considerations, 
a previous
 

(.
 



study (Amancio et al, 19e6), and the provisional results
 

obtained in this study all indicate that the demand for
 

charcoail in Minas Gerais is price elastic. The supply of
 

plantation-origin charcoal, 
on the other hand, is apparently
 

very price inelastic. The quantity supplied is determined
 

mostly by the amount of mature eucalyptus available-i.e.,
 

by past planting decisions. Thus, any effects the subsidy
 

program had on the planting decision directly affected the
 

supply o4 plantation-origin charcoal eight years later.
 

/
 



Table o4 Contents
 

LIST OF TABLES..... .....................
 

LIST OF FIGURES ......... ... ..................... iv
 

I. Introduction . . . . . . . . . . . . . . . . . . . . . . 1
 

The Brazilian Forester Incentives ... ............
 

III.Charcoal and the Iron and Steel Industry in Minas Gerais
 

I!. 


IV. Model c- the Charcoal Market in Minas Gerais...... 1
 

V. Statistical Results and Discussion ............... 24
 

VI. Summary ant imlications ............... . ...
 

BIBLIOGRAPHY . . . . . . . .
 

APPENDIX: Data........... ...................... 77
 

ii 



LIST OF TABLES
 

Table 1. Areas Planted With and Without Ta< Incentives in
 
Minas Gerais; (1967-1985)........ .................. 5
 

Table 2. Relative Prices +or Charcoal and Imported Coal in
 
Minas Gerais (1968-1985 .......... ................ 9
 

Table 7. Brazilian Pig Iron and Steel Production (1974-1984)
 

..... 
 ............................... 
 12
 

Table 4. Two-Stage Least Squares Estimation of the Demand
 
Function (1974-198Z..) •. . . 26
........ ........ . .
 

Table 5. Two-Stage Least Squares Estimation of the Supply
 
Function (1974-19e:). . . . . .. . ... ......... . Z6
 

Table 6. Ordinary Least Squares Estimation o4 the Planting
 
Decision Model (i S -1 985 ... . . . . . . . . . . . . . . _,
 

iii
 



7 

LIST OF FIGdRES
 

Figure 1. Plot of eucalyptus planting rates
 
in Minas Gerais and percentage of tax liabilities eligible 
for tax credits from 1967 to 1985 ...... ............. 


Figure 2. Hypothesized structure of the charcoal market 
in
 
Minas Gerais...... ........................
 

Figure 7. Model illustrating interaction effects between
 
product prices and incentive limits on marginal planting
 

decisions 
. . . . . . . . . . . . . . . . . . . . ..
 

iv
 



I. Introduction
 

There is a common perception that without government
 

intervention, private forest production would be 
less than
 

socially optimal. In many countries, this perception has
 

led to government ownership of 
forest 
land and to regulation
 

of forest practices. Governments may also subsid::e private
 

forest production. 
 In the United States, all three
 

aoproaches 
are used some
in form. E:xamples of U.S.
 

subsidies 
include cost-sharinn 
for nonindustrial 
private
 

forest owners and ta:, 
breaks for 
industrial forestry.
 

Forestry subsidies are 
also used in developing countries; 
in
 

Latin America, almost all 
countries have 
some form of
 

subsidy 
for private forest development (Gregersen and
 

McGaughey, 1995, pp. 
27-25).
 

The forestry literature 
is replete with justifications
 

for such subsidization. 
The most plausible justifications
 

in 'ude: (1) substantial external 
social costs 
and benefits
 

associated with 
various forestry practices, and 
(2) the need
 

to mitigate unique financial 
problems associated with
 

forestry--such as 
cash flow shortages--due to the 
long-term
 

nature of 
forestry investments (Gregersen and McGaughey,
 

1985, pp. 4-6). 
 In developing countries, forest 
sector
 

development is advocated because of potential foreign
 

e::change earnings, import substitution, and 
the rural
 



orientation and labor intensive nature 
of forest production
 

(Westoby, 1962).
 

This paper presents the results of my study o4 the
 

Brazilian fiscal incentives program. The study focuses on
 

the state of Minas Gerais where the primary species planted
 

is eucalyptus. Most of the wood produced in these
 

plantations is converted to charcoal, which is then used as
 

a reducing agent in the state's e:tensive iron and steel
 

industry. The primary objective of the study was to
 

determine i and how the subsidy influenced eucalyptus
 

planting: specifically, to determine whether the area
 

planted was increased in response to the subsidy and how
 

much would have been planted without it. A secondary
 

objective was to determine how 
a shift in the area planted
 

would affect the market for charcoal. This involved
 

quantifying the link between the area planted and the supply
 

of charcoal. Consideration of the economic structure of 
the
 

charcoal market indicates how shifts in the supply of
 

charcoal would affect the price of charcoal.
 

II. The Brazilian Forestrv Incentives
 

Brazilian fiscal incentives for forestation began in
 

1966. The incentives allow corporations to take a tax
 

credit for forestation expenditures up to a certain
 

percentage of their ta, liability. Individuals can also
 



participate in the program. but 
the terms for inditvdua1s
 

are much less 
attractive than for corporations (Beattie.
 

1975. p. 
-:). Ta: credits are allowed 
at a fixed rate per
 

hectare based 
on government estimates of 
reasonable planting
 

costs. Plantations 
are approved for 
tax credit if they meet
 

government planting criteria and 
if funds are available. 
 No
 

specific budget 
limits 
were found for the program, but it is
 

likely that less 
projects were approved during times of
 

tight government budgets. 1 
 In 1967, the pctential ta;:
 

credit was 
50% c taxes 
due. The effective percentage rate
 

was 
reduced gradually between 
1970 and 1976, and has
 

remained 
at 17.5% since then (Table 1).
 

Under the 
original forestry incentives 
law (Law 51C'6),­

forestation projects 
were to be completed before 
tax credits
 

were approved. After 
1970 (Law 11Z4), corporations could
 

deposit tax liabilities 
to be used for forestation projects
 

in special accounts with the Bank of 
Brazil and draw on
 

these deposits as plantation projects 
were approved. 
 If the
 

funds were 
not spent on reforestation within 
a year, they
 

were transferred back 
to the treasury. 
 The new system
 

eliminated the uncertainty of predicting future ta;:
 

liabilities to 
determine the amount 
of planting to
 

1. Personal communication with Brazilian forestry grad

students at students 
at NCSU. 

-. Translations of the 1965 Forestry Code, Law Number 5106

of 1966. and Decree-Law 1174 of 
1970 can be found in

Beattie (1975), 
Appendi:: E.
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undertake and of having to complete projects before
 

approval. The new system also alleviated cash flow problems
 

resulting from the year-long lag between plantation
 

expenditures and release of funds -from tax 
revenues
 

(Beattiel 1975, pp. 41-42. ) 

The legIslation initiating the incentives program
 

indicates that the 
lawmakers' objectives were to protect
 

native forests and to simultaneously insure an adequate
 

supply of forest products for industry. This was to be
 

achieved by preserving some areas as permanent parks and
 

reserves and by stimulating the planting of vast new areas
 

of industria7 plantations.
 

On the surface. at least, the reforestation incentives
 

seem to 
have worked in the state c-f Minas Gerais. As of
 

1985. over 11547,000 ha. of- eucalyptus and 214,000 ha. o­

pine have been planted with the incentives. The area of
 

eucalyptus planted per year under the program in Minas
 

Gerais increased from 4,859 ha. in 
1967 to a peak of 194,128
 

ha. in 1979 (Table 1). Since 1979, the area planted per
 

year has rapidly decreased. Table 1 also shows the area o{
 

eucalyptus planted with private funds. Finally, Table 1
 

lists total eucalyptus planting in Minas Gerais excluding
 

the area planted by the pulp and paper industry. This area
 

is assumed to have been planted for charcoal production..
 

3. See the Appendix for a complete listing of the data and
 
sources.
 



Table 1.Aras Planted With and Without Tax 
Ince;itives inMinas Gerais (1967-19e5).
 

Percentage of 
Taxes Oue 

Hectaris of 
Eucalyptus 

Hectaras of 
All Species$ 

Hectares of 
Eucalyptus 
Planted with 

Total 
Hectares of 

Hectares of 
Eucalyptus 
Planted 

Year 

Eligible for 
Tax Credit 

Planted With 
Incentives 

Planted With 

Incentives 
Private 

Resourcus 
Eucalyptus 

Planted 
for 

Charcoal+ 

Iq67 
1968 
1969 
1970 
1971 

1972 
1973 

1974 
1975 
1976 
1977 
1978 
1979 
1980 
1961 
182 
1983 
1984 
1985 

50.0 
50.0 
50.0 
35.0 
30.0 

25.0 
25.0 

22.5 
20.0 
17.5 
17.5 
17.5 
i7.5 
17.5 
17.5 
17.5 
17.5 
17.5 
17.5 

4,859 
13,815 
21,079 
35,592 
36,067 

48,658 
44,582 

69,840 
114,774 
130,050 
142,888 
152,665 
164,428 
125,318 
102,409 
114,505 
57,109 
80,461 
83,447 

,9859 
13,815 -
21,079 15,189 
35,R92 5,800 
48,821 49,970 
57,279 8,576 
59,041 6,428 
78,985 8,ISV 
138,289 7,588 
159,571 28,792 
170,944 35,843 
185,375 31,506 
194,128 36,173 
143,837 34,236 
110,956 20,528 
124,105 11,859 
59,261 15,945 
84,770 7,820 
85,591 7,984 

4,g59 
13,815 
36,268 
41,393 
86,037 

57,234 
51,010 

78,020 
122,362 
158,842 
179,731 
184,171 
200,601 
159,554 
122,937 
122,364 
73,054 
88,821 
91,431 

4,s-9 
13,815 
36,268 
41,393 
83,418 

52,969 
49,750 

73,832 
114,952 
139,353 
167,746 
176,213 
194,367 
150,358 
113,613 
120,168 
68,804 
85,821 
89,170 

I Other species include mostly pine and some fruit tries.
 
* Excludes planting done by pulp and paper industry.

Source: 
IBDF (Brazilian Institute of Forest Development); data on pulp and ;dper

plantings are from CENIBRA, the only pulp and paper company inMinas Gerais as 
of 1985. 



Figure 1 shows total eucalyptus planting rates in Minas
 

Gerais over the 1967-1985 period plotted with the changing
 

incentive limits. 
 This figure shows how planting rates rose
 

sharply in spite of the decreasing limits on the percent of
 

tixes eligible for tax credits. This relationship will be
 

discussed at length later in trIe paper.
 

Previous evaluations of 
the Brazilian fiscal incentives
 

program estimated the financial 
returns of the plantation
 

investments. Beattie (1975) and Berger 
(1980) calculated
 

present net worth and internal rates of return for
 

eucalyptus and pine plantations in Minas Gerais and Sao
 

Paulo, respectively. 
 For example, Beattie calculated an
 

average real rate of return of 9.1% for eucalyptus planted
 

in Minas Gerais in 1970 (assuming a real (197Z) stumpage
 

price of Cr$ 25--the realized price, as it turns out).
 

Beattie also provides useful background information on
 

Brazil, the fiscal incentives program, the forest resource
 

of Minas Gerais, and the iron and steel industry there.
 

Ncgueira (1980) proposed planting eucalyptus in southern
 

Bahia state and estimated the potential rate of return of
 

such an undertaking. Nogueira also provides a description
 

of the charcoal and iron and steel industries in Minas
 

Gerais. Matt (1974) described the timber supply of Minas
 

Gerais and its apparent inadequacy for meeting the charcoal
 

requirements of the iron and steel industry. 
However, none
 

of 
these studies of the Brazilian fiscal incentives
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Area 
PlanCed 

(1000 ha) Planting 
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Year 

Figure 1. Plot of eucalyptus planting rates 
in Minas Ger-iis

and percentage of tax liabilities eligible for 
tax credits
 
from 1967 to 1985.
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addresses the question of whether the program actually
 

increased the area of eucalyptus planted.
 

III.Charcoal and the iron and Steel Industry in Minas Gerais
 

About -0% of the Brazilian iron and steel industry uses
 

charcoal as a reducing agent. In Minas Gerais, there are
 

large deposits of iron ore with no nearby source of quality
 

metallurgical coal. Some coal of poor quality is found in
 

southern Brazil, however.
 

Government policies limited the use of imported coal
 

during the early development of the industry. Thus, all the
 

early iron and steel mills used charcoal. However, since
 

1941 the government-owned National Iron and Steel Company
 

(Companhia Siderurgica Nacional) has been expanding the use
 

of imported coal in their mills and private companies have
 

followed suit. National coal, although low in quality,
 

also has been increasingly utilized (Beattie, 1975, pp.
 

199-201).
 

Charcoal has a lower carbon content, by weight, than
 

coal. Even when prices are adjusted for this factor,
 

charcoal prices have been lower than coal prices in Minas
 

Gerais. Table 2 shows real prices for a ton of coal and for
 

the equivalent amount of charcoal needed to replace it. It
 

would seem that iron and steel companies would want to buy
 

more charcoal at these prices if it were available.
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Table 2. Relative Prices for Charcoal and lported Coal in
 
Minas Gerais :1968-1985).
 

Real Relative Price of Ratio of 

Year 
Price of 
Charcoal 

Price of 
Charcoal$ 

laported 
Coali(cif) 

Relative Coal 
and Charcoal 

(1980 CR5) 

(per s3) 
(1980 CRU) (1980 CRS) 

(per ton) 
Prices 

1968 629.16 2291.93 2990.34 0.766447 
1969 720.63 2625.16 3531.66 0.743321 
1970 8".32 3108.54 3422.21 0.908341 
1971 708.41 2530.65 4023.80 0.641347 
1972 604.16 2200.86 3545.99 0.620661 
1973 - 3290.28 -
1974 850-57 3098,52 4a86.63 0.634081 
1975 756.7 2756.76 4552.73 0.536236 
1976 886.79 3230.46 4318.81 0.680025 
1977 701.55 25n.80 4202.06 0.567669 
1978 1011.38 3684.32 4239.19 0.814624 
1979 857.44 3123.52 4147.74 0.753067 
980 1033.00 3763.07 4712.27 0.748568 

1981 720.46 2624.54 4864.42 0.539537 
1982 708.85 2582.26 5091.21 0.507199 
1983 780.61 2843.64 4290.81 0.662727 
1984 601.29 2192.61 3885.92 0.564243 
1985 729.57 2b57.74 4015.70 0.661857 

I Price for amount of cdarcoal equivalent to one ton of coal
 
iniron or steel manufacture: Based on 
3.3 @3 per ton, and
 
770 lb. carbon per ton of charcoal, compared with 850 lb.
 
carbon per ton of coal (Beattie, 1975, p.225).

Source: SIDERBRAS (ABrazilian public-private iron and steel
 
company) and deattie (1975), 
p. 25.
 



The substitutability of the two reducing agents is
 

complicated by several factors. First, the use of charcoal
 

limits the ma:,imum size of blast furnaces because charcoal
 

cannot support the large physical loads of modern
 

large-scale blast furnaces (Beattie, 1975, p. 271). Perhaps
 

for smaller mills. charcoal is a less expensive input, whila
 

coal is less e :pensive for larger mills. Second, it is
 

expensive to actually convert a mill from one raw material
 

to another, and conversion from charcoal to coal is olv
 

ecoromical for the largest charcoal-burning furnaces
 

(Beattie. 197T, p. 229). As of 1985, no such conversions
 

had been made. However, the industry generally runs well
 

below capacity (Nogueira, 1980, p. 31), and unused capacity
 

can be shifted from one reducing agent to another as their
 

relative prices vary. Third, charcoal is more expensive to
 

handle because it is bulkier. Finally, charcoal supplies
 

are erratic--depending on the condition of roads that are
 

often impassable during the rainy season. Perhaps the
 

dependability of coal may account for some premium in its
 

price.
 

In view of the previous observations, different sectors
 

within the iron and steel industry may be more responsive to
 

shifts in the relative prices of coal and charcoal. The
 

integrated mills produce both pig iron and steel for a
 

variety of end uses. "Integrated" means the mills produce a
 

range of products, but in Brazil, all the integrated mills
 



are also owned by public-private companies. 
 These mills are
 

all centrally located 
near Belo Horizonte. the capital 
oF
 

Minas Gerais. 
 Most of the eucalyptus planting done by 
the
 

iron and steel companies has been 
done by the companies
 

operating the integrated mills (Nogueira, 1980, p. 
61). As
 

o4 1978, 
these companies controlled :9% of 
the euca-'!ptus
 

plantation area in 
Minas Gerais.
 

The indemenoent mills produce only pig iron, 
and most
 

are privately owned. 
 They 
are widely scattered thrCughout
 

the state ard are o'Ften closer to 
the native forests where
 

most c4 the c-arcoal used 
is produced. These mills 
are
 

genera::,, smaller 
and tmus use 
more charcoal 
than coal, but
 

the indepence,7t 
mills usially do not produce any of their
 

own charccal, Instead, 
they rely mostly on independent
 

charcoal su.7pliers. 
 The sector producing specialized
 

iron-alloy products is relatively small compared to the pig
 

iron and steel producing sectors. 
Iron alloys are made
 

almost e:lusively with charcoal.
 

Table 3 
shows the production of 
pig iron. steel, and
 

iron alloys, and 
the percentages of 
each produced with
 

charcoal. 
 These products correspond roughly to the three
 

sectors mentioned above, e::cept 
that pig iron is produced in
 

both the integrated mills and 
the independent mills.
 

In the last 15 years, between 10 and 
2) percent of the
 

charcoal produced 
in Minas Gerais has 
come from eucalyptus
 

plantations. The 
rest has been produced from native
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Table 3.Brazilian Pig Iron and Steel Production (1974-1984).
 

Total Percent of Total Percent of Total Percent of Percent of 
Brazilian Pig Iron Brazilian Steel Brazilian Iron Alloys Total Iron 
Pig Iron Produced Steel Produced Iron Alloys Produced And Steel 

Production With Production With Production With Production 
Year (Metric Tons) Charcoal (Metric Tons) Charcoal (Metric Tons) Charcoal Using aarcoal 

1974 5,846,014 54 7,507,220 20 218,673 96 41 
1975 7,052,665 51 8,308,046 30 256,671 98 41 
1976 8,170,228 49 9,168,899 27 312,765 96 39 
197-7 9,80,372 41 11,163,755 23 372,144 98 33 
1978 10,041,047 38 12,106,921 22 410,497 97 30 
1979 11,713,414 39 13,891,101 20 485,149 97 29 
1980 12,68,28 39 15,338,957 20 552,672 96 30 
1981 10,795,c3O 40 13,320,40 22 564,069 96 32 
1982 10,827,342 8 12,996,417 22 5S',897 95 31 
1983 12,944,57! r, 14,670,618 19 580,723 98 29 
1984 112.294 38 18,385,164 19 681,43 98 29 

Source: ABRACAVE (The Brazilian Chircoal Producers Association.)
 

woodlancs. While the stumpage from native forests is very
 

cheap, these native forests have long ago been depleted in
 

areas near the iron and steel mills. Today, native-origin
 

charcoal mist generally be transported 500 to 600 km. to the
 

mills. As a result, freight costs make up as much as 50% of 

the cost of native charcoal (Beattie., 1975, p. 220). 

Stumpage produced in eucalyptus plantations is
 

relatively expensive. These plantations, however, can be
 

located in areas nearer to the steel mills; the average
 

transport distance from the plantations to the mills is onlyv
 

55 km. (Nogueira, 1980). Therefore, a large part of the 

plantation-origin charcoal price is stumpage cost, while
 

mcst of the native-origin charcoal price is transportation
 

cost.
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IV. Model of the Charo~.l Markpet 
in Mi nas Ger-ai s
 

Consideration of 
the market for plantation-origin
 

charcoal 
in the context oi the overall market for 
reducing
 

agents suggests that 
the demand for plantation-origin
 

charcoal 
is periecly elastic, or at least very elastic.
 

Figure 2 
illustrates the hypothesised supply-demand
 

structure of 
the market for metallurgical reducing agents in
 

Minas Gerain. 
 The supply functions for plantation-or:gin
 

charcoal ard 
native woodlano charcoal 
are summed
 

horizontally to 
give the industry supply function for
 

charcoal. 
 Since Brazil is a relatively small user in the
 

world markVet for coal, it faces 
a perfectly elastic 
supply
 

curve for imported coal. The coal 
supply function can be
 

summed with 
the charcoal 
supply functions to 
give the supply
 

function for all reducing agents. 
 The demand curve for
 

reducing agents for 
the iron and steel industry is also
 

shown.
 

The validity o? 
this model depends on whether 
charcoal
 

and coal are 
actually close substitutes in metallurgy. 
 The
 

previous section 
described 
some of the comple:ities involved
 

in substituting coal 
for charcoal. However, while charcoal
 

and coal may be relatively imperfect substitutes in 
the
 

short run, the growing usage of 
coal evident in Table 7
 

suggests that 
in the long run the two reducing agents are
 

fairly close substitutes.
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Figure 2. Hypothesized structure o-F th,- charcoal market in
 
Minas Gerais.
 

In the model shown in Figure 2, coal can be viewed as a
 

4
"backstop rescurce" for the cheaper charcoal. i Lit yr iCe 

of charcoal goes higher than the price o4 an equivalent
 

amount oz- coal, producers will switch tt, coal. Thus, the
 

quantity of charcoal traded is determined by the quantity
 

that can be delivered to the mill at a lower price than
 

coal, and the price of coal sets the ma:-imum price for
 

charcoal. The charcoal price will only be less than the
 

price of coal when the quantity of charcoal supplied is
 

greater than 0 Total, and no coal would be usea. However.
 

the data in Table Z indicate that the proportion of iron and
 

4. Fisher (1981) discusses the concept of a "backstop
 
resource" and the origins of the idea.
 



steel produced with charcoal 
has been declining and is 
ncw
 

less than 3C%, so it 
is not 
likely that the quantity of
 

charcoal supplied will 
exceed 0 Total.
 

In other words, because coal is a 
close substitute for
 

charcoal 
in the long run. and because the supply of coal is
 

perfectly elastic, 
the resulting demand 
curve for charcoal
 

is perfectlv elastic. 
 If the charcoal 
demand is perfectly
 

price elastic. sh:Vts 
in the supply of charcoal will 
have no 

effect on 
tKe prize of charcoal; supply shifts will 
result
 

in quantity charges 
or lv. Since plantation-origin charcoal
 

makes up only 10-20% of 
the total supply of charcoal, the
 

demand 4or this 
type of charcoal 
should be particularly
 

elastic.
 

It was not pcssible with the data 
I was 
able to obtain
 

to verify this model. 
 I had no in~ormation on 
the demand
 

for reducing agents in 
the Minas Gerais iron 
and steel
 

industry. 
 Data were available to allow 
me to estimate the
 

demand and supply 
functions for plantation-origin charcoal,
 

but not for native-origin charcoal. 
 To estimate supply and
 

demand functions simultaneously, the data must 
include
 

prices and quantities for 
the good in question, plus
 

exogenous variables related 
to both supply and demand
 

shifts. For 
the model discussed 
above, the demand for
 

charcoal is determined by the price of 
coal. Short-term
 

shifts in 
the demand for plantation-origin charcoal may
 

depend on transportation costs and 
the supply of
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native-origin charcoal. 
 The arei of mature eucalyptus
 

available 4or 
harvest provides a suply-shi4ter for
 

plantation-crigin charcoal, 
but no such shifter was
 

available for native-origin charcoal.
 

Thus, the following equations were used to estimate the
 

supply ard 
demand functions for plantation-origin charcoal:
 

Demand: PCh = 50 - AIQChPI + R2Col + 07PCoN + (4FTr + 
0 5 Y + eD (:)
 

Supply: CChPl = 0 + lIPCh + 02Flantt- 8 + eS 

where: CChPl 
is the quantity of plantation-origin
 

charcoal i" Minas Gerais;
 

F'Tr is the real price of diesel in Brazil;
 

Y is the national income;
 

Plantt_8 is the area of eucalyptus planted eight 

years before, encept areas planted by the pulp 

and paner industry (in hectares):
 

PCh is the real price of charcoal;
 

PCoI is the real price of imported coal;
 

PCoN is the real price of national coal:
 

and e D and eS are error terms.
 

The price of diesel is assumed to be a major factor in
 

the transport cost of native-origin charcoal. .National
 

income was included to try to capture the effects of
 

Brazilian business cycles 
on the demand function. The area
 

planted eight years before was 
used to estimate the quantity
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of mature eucalyptus available. 
Plantings by the pulp and
 

paper industry we-e subtracted from total 
plantings under
 

the assumpticn that all eucalyptus not used for 
pulp was
 

used for charcoal (see Table 1). 
 A lag of eight years 
was
 

used on plantings since that is 
the average rotation age.
 

An investment model c-f the planting decision 
for 

eucalyptus was also estimated. The planting stage is 
where
 

the Fiscal incentives are 
most likely to influence the
 

cnarcoal market. 
 This model measures the e+fect on planting
 

levels of the subsidy program limits 
on the percentage o4
 

taxes that can be u.sed Tcr 
tan credits and indicates what
 

area m wihn. have teer pl anted wthout the i ncenti ves--i, e., 

zero 
percent cf taes eligible +or tan credits. Although
 

the data are only for the period when the subsidy was
 

available, a range of tan credit limits From 50% to 17.5% 

were used, allowing a provisional extrapolation to no 

i ncenti ve. 

I used an investment decision model 
similar to those
 

used by Oe Steiguer (198) and Brooks (1985) to model the
 

planting decision. 
 De Steiguer modeled non-incentive
 

investments in 
 forestry by pr:vate non-industrial forest
 

owners in the south-east U.S. 
 His model included the leve.
 

oF expenditures for 
cost-share assistance for that 
year.
 

expected sawtimber stumpage prices, personal 
income, and
 

real interest rate expectations as enplanatory variables.
 

He found that epected stumpage prices and cost-share 
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expenditures had no influence on producers' private
 

investment levels, but that personal 
income and expected
 

interest rates had a measurable effect.
 

B-ooks modeled total private non-industrial forest
 

planting in as function of
the south-east U.S. a 
 cost-share
 

expenditures, expected stumpage revenues, 
and planting
 

costs. He +ound 
that the area planted in response to
 

government cost-share e:xpenditures Was greater than the
 

total area planted under the incentives programs. Brooks
 

attributes this result to positive, indirect effects of
 

incentives programs, such as: (1) the advertising e4fect of
 

the programs, and (2) increased confidence in the merits of
 

forest management due to government sponsorship.
 

My model is different than de Steiguer and Brooks"
 

models in that an incentive limit was used rather than
 

incentive expenditures. When the area planted is the
 

dependent variable, program expenditures may not be
 

exogenous. An incentive limit--such as the percentage of
 

taxes due eligible for tax credits--is exogenous and is
 

probably a superior measure of the margLnal effect of the
 

program on participants' decisions. I also expected factors
 

such as the expected prices of charcoal, coal, and
 

transportation to affect planting Since I had
rates. 
 no
 

obvious model for expected prices, current prices were used;
 

thu.. the model:
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Plantt = ~0 + SIt + S PCh t + &3PCh,t*It + 4Thol,t + 

S5F'CoNt + 66FTr,t + et 

where: Plantt is the 
area of eucalyptus planted 
(in
 

hectares) in time t;
 

It is the incentive limit in 
time t;
 

Pch,t 
is the real price of charcoal in time t;
 

Pch~t*It 
is an interaction 
term between the
 

incentive limit and 
the charcoal price;
 

PCoI., is the real price of imported
 

metallurgical cnal in time t; 

P'CoNt is the real price of national coal in time t;
 

PTr~t is 
the real price of diesel in time t;
 

and et 
is an error term;
 

An interaction 
term between the 
incentive limit 
and the
 

price of charcoal 
was included to 
test the hypothesis that
 

high incentives would reduce the effect 
of prices on the
 

decision to plant. 
 Morzuch et 
al (1980) found that .n the
 

United States, 
wheat acreage supply responses to prices
 

varied with the level 
of government policy intervention.
 

They divided their data set 
into two periods--one with 
a
 

high level of 
government intervention, the other with 
a low
 

level--and estimated the supply response for each period
 

separately. 
 I did not 
use this approach 
in my study because
 

of the limited degrees of 
freedom available. 
 The
 

interaction 
term allowed measuring the 
same kind of slope
 

shift 
at the cost of 
only one degree of freedom.
 



The best way to interpret the interaction term is to
 

take the derivatie of the planting decision model with
 

respect to the price of charcoal and to the incentive limit.
 

These derivatives are:
 

d Plantt = G *" -(I)
 
d PCh,t - t
 

d Plantt = 1 + (P
 
d It 1 Pt
 

With this form of equation, the planting decision is still a
 

linear function of either prices or the incentive limit.
 

However, the slopes of these functions change when the other
 

variable changes. In other words, for a given incentive
 

limit, the change in planting for a change in prices is
 

fi;.ed and linear; this response changes if the incentive
 

limit changes, but remains linear.
 

Figure 7 illustrates an example where an interaction
 

between the price ef4ect and the incentives effect exists.
 

In this example, the government reimburses producers' costs
 

completely up to some planting level. Thus each producer's
 

individual supply curve is a vertical line at the subsidized
 

quantity and equals that producer's marginal cost curve for
 

quantities above the subsidized limit.
 

Two things can happen in this case: (1) if the price
 

line intersects the producer's marginal cost curve at a
 

quantity less than the subsidized amount, the producer will
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plant the amount subsidized; (2) if the price line
 

intersects his marginal cost at
curve a quantity greater
 

than the subsidized amount, the producer will plant the
 

quantity where this intersection occurs, and the subsidy
 

will have no effect on that producer's marginal planting
 

dec: sian.
 

In this case. when prices are low. a given incentive
 

limit will have a greater marginal effect on planting than
 

when prices are high. This is because at high prices, more
 

prcdUcers .ill be planting than
more the subsidy limit and
 

thus will not be af4ected by the subsidy at the margin. At
 

lcvj prices, an increasing proportion of producers will be
 

affected by the incentive limit as they reduce their output.
 

Similarly, when the incentive limits are low, most
 

producers consider only marginal 
costs and product prices at
 

the margin and price responses will be hi.gh. When the
 

incentive limits are 
high, many producers' production levels
 

are determined by the incentive level 
And production will be
 

unresponsive to product prices.
 

In Figure 7, three producers' cost curves are shown. The
 

first table shows total production for each price-incentive
 

combination. 1i) is the 
case where no incentive is
 

available. Il - 14 correspond to 
subsidy limits equal to 01 

- Q 4. The second and third tables give the marginal change 

in production for price shifts and 



incentives shifts. respectively. Units in all three tables 

correspond to 01 = 1, Q2 2 and so on.
 

With no incentive, an increase in prices 
induces each
 

producer to produce one 
more unit--a total 
increase of 7
 

units. However, 
as the incentive limits 
are raised, the
 

marginal effects o 
 price shifts become less 
and less; at
 

14, price shifts from P
 1 to P- or P- to P- have 
no effect on
 

production. Similarly. at 
low prices, increases in the
 

incentive 
limits 
induce production increases. However. at
 

high prices, only the highest subsidy limit has any effect
 

on production.
 

In FiuLre 7, 
at any given level of the 
incentive, the
 

marginal effect of 
price shifts is 
not constant, and 
at any
 

given price l'v:Z. the marginal effect of 
incentive limit
 

shifts is not 
constant. 
 This suggests that the model 
above
 

should include quadratic terms for the price and incentive
 

limit effects. However, testing 
for this possibility 
was
 

not considered 
important enough to justify utilizing two
 

more degrees of freedom. The important point 
illustrated in
 

Figure 7 is 
the possibility of 
a 
negative interaction
 

between price and 
incentive level 
effects.
 

In summary, economic 
theory suggests that both
 

derivatives gi.'en 
above will 
be positive--i.e., 
planting
 

levels shoL:ld respond positively to price 
or subsidy
 

increases. 
 However, the example above 
indicates that the
 

interaction coefficient may be negative when 
a subsidy with
 



quantity limits is used. The quantity limits in the
 

Brazilian forestation incentives program aro 
the limits on
 

the percentage of ta::es that can 
be used for tax credits.
 

V. Statistical Results and Discussion 5
 

The two-staqe least squares estimates of the
 

plantation-origin charcoal 
supPly and demand parameters are
 

shown in Table 4 and Table 5. With t'c-stage least ScUareS.
 

the parameter estimates are asymptotically unbiasec.
 

However, asymptotic properties may not be relevant in this
 

case, where only ten obs&rvations are usec. Regarding the
 

small sample properties of two-stage least squares (ZSLS)
 

versus ordinary least squares 
(OLS) Kmenta (1971) states:
 

"Monte Carlo studies indicate that OLS estimates
 
tend to have a l'-ger bias but a smaller variance
 
than 2SLS. If mean square error is used as a
 
criterion in comparing [these] estimators the
 
results are somewhat mixed. In some cases, the OLS
 
estimator performs better 
than 2SLS, in others
 
worse, in others about the same. 
. . At least from
 
the point of view of hypothesis testing or interval
 
estimation, the OLS method is inferior to E2SLS].'
 
(pp. 584-585)
 

The results of the full model are clearly not
 

statistically significant. 
 This is the result of very
 

strong multicollinearity between the independent variables
 

of the model. The elimination of 
any one of the variables
 

5. Statistical estimation of 
the three models described in
 
the previous section was carried out 
with the SAS computer
 
software system. 
 PROC SYSREG, the procedure used, is
 
described in SAS (1982).
 



decreased this problem somewhat, 
so parameters 
were
 

estimated 
for the model 
with each variable removed. The
 

model 
with the price of 
diesel removed gave the best 
fit. as 

measured by the R-squared and F statistics. The coefficient 

of 0 Ch (f'l) in this model is also significant at the .C5
 

level.
 

None of the F-statist.cs for 
the demand models is
 

statisticalv significant, sc 
only provisional conclusicn5
 

can be drawn 
From these results. The demand price
 

elasticity implied by 
two o: 
these models is positive.
 

However, the 
implied price elasticity is inversely related
 

to i, and a coefficient equal 
to zero indicates an
 

infinitely elastic demand. 
 For both cases where 6I 
is
 

positive, the associated standard 
errors 
are very large,
 

thus the estimates 
are not statistically different from
 

zero. Overall, 
the results suggest that 
the demand for
 

plantation-origin 
charcoal 
is fairly elastic. 
 The results
 

given in Amancic et al 
 (198Z) also support this conclusion.
 

They estimated 
a demand price elasticity for charcoal in
 

Minas Gerais of -7.1.
 

The F-tests for 
the supply equations, on 
the other hand.
 

are all significant at 
the .05 level. 
 Also, the R-squared
 

statistics 
are generally acceptable. 
 The negative
 

coefficients on 
the price of charcoal 
are not consistent
 

with economic theory, but 
the standard errors 
on these
 

estimates 
are 
very large, indicating a supply price
 

http:F-statist.cs


Table 4. To-Stage Least Squares Estimation of the Demand Function (1974-1983). 

Demand Estimation: PCh = $0 + $IQCh + 62PCol * i3PCN + 14PTr + 45Y 

Parameter: 4O 
AA 

61 12 
A
13 A14 Ai45 R2 F OW O 

Full Model -22,427 -3.25 
(215,413) (20.89) 

5.41 
34.81) 

-9.14 2,222 
(59.B) (14,908) 

1.15 
(6.97) 

00 0.04 2.79 -0.09 

u/o Prol 1,567 
(1,352) 

0.V8 
(0.19) 

---- 0.25 
0.31) 

-145 
(123) 

0.04 
(0.10) 

.486 0.94 3.04 3.67 

0/o PCON 319 

(913) 

-0.08 

(0.8) 

0.07 

(0,12) 

---- -46 
(50) 

0.10 

(0.07) 

.621 1.64 2.64 -3.67 

W/o PTr -417 
(765) 

0.l5 I 

(0.05) 
0.23 

(0.16) 
-0.26 
(0.17) 

---- 0.13 

(0.07) 
.630 2.13 3.06 -1.96 

w/o Y 1,7CR 0.,5 -0.26 0.57 -197 
(2,272) i0.25) (0.50) (0.80) (224) 

(Standard errcrs of estimates are given inparentheses.) 

(F,05,5,4 = 6.26; F 05,4 5.19)
(0i o K5 1 1.7i-3.€4; OW 0!,K=4,15 z 2.03-3.31) 

I Significant at the .05 level. 

--- .414 0.71 2.93 1.9b 

Table 5.To-Staqe Least Squares Est:mation of the Supply Function (1974-1983). 

Supply Est:iation: QChP1 = e0 + OPh + 02Plintt-8 

Parameter: A
e0 /I

81 
/N
82 R2 F DW S 

Full Model 2681 

(2480) 

-1.75 

(2.60) 

0.0201 

(O.N) 

.737 8,241 1.56 -0.51 

W/o PCol 1792 
(2708) 

-0.80 
(2.85) 

0.0221 
(0.008) 

.725 7.911 1.67 -0.24 

u/o PCON 3B87 
(2629) 

-2.72 

(2.76) 

0.019 

(0.008) 

.734 8.3O 1.34 .081 

w/o PTr 3064 
(2532) 

-2.16 
(2.66) 

0.0201 
(0.008) 

.738 8.451 2.10 -0.63 

u/o Y 4497 

(3458) 

-1.69 

(3.65) 

0.017 

(0.009) 

.711 7.401 2.10 -1.08 

(Standard errors of estimates are 9tven inparentheses.) 
(F.05,2,7 = 4.74) 
(DW 05 02,15=.95-1.54) 
I Significant at the .05 level. 
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elasticity not statistically difeerent from 
zero. Again. 

these results ara consistent with Amancio et al who(198) 


estimated 
a charcoal 
supply price elasticity of 0.05. 

The coef4ic:ents on the lagged planting variable are all
 

significant 
at the .1'0 level. This indicates that 
the
 

supply c! planiation-crigin charcoal 
is determined mostly o,,
 

the amount ci 
matare stancing timber that 
is available.
 

This resut suggeszs 
that there is a direct link betw.een the
 

planting ceclsicn 
and the supply of plantation-origin
 

charccal eight years 
later.
 

Durbir-Watscn 
statistics 
were calculated for all 
the
 

supoly and demand models to test for first-order
 

autoccrrelation. 
 Critical ranges 
are given for this
 

statistic 
at the bottom of 
each table. When 
the
 

Durbtn-Watscn statistic is 
above 2 and greater than the high
 

number in 
the critical range, statistically significant
 

evidence of autocorrelation exists. 
 When the statistic is
 

within the critical range, the 
test is inconclusive.
 

Finally, 
if the statistic is 
less than 
the low value of the
 

critical range, but 
greater than 2, 
there is no evidence of
 

autocorrelation. 
 Alternatively, when 
the statistic 
is less
 

than 2. a 
value below the critical 
range indicates
 

autocorrelation, 
a value within the range is 
inconclusive,
 

and a value above the range 
indicates that no
 

autocorrelation 
exists (Kmenta, 1971, 
pp. 295-297).
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For the demand models, the Durbin-Watson statistic is
 

consistently inside the questionable zone. Therefore,
 

accounting for possible autocorrelation in these models
 

might improve the accuracy of the results by reducing
 

estimator variances. However, autocorrelation does not bias
 

the results as calculated, 6 so no attempt was made to
 

correct this factor. All but one of the supply models
 

showed no evidence of autocorrelation.
 

The least squares estimates for the planting decisior 

model are given in Table 6. The variables for the price of 

native and imported coal and the price of diesel have very 

little explanatory power, so they were dropped from the 

analysis, leaving Reduced Model A. Reduced Model B shows 

the effect of dropping the interacticn terr. av l. 

Durbin-Watson statistics were also calculated for these 

models. Two of these tests were only marginally in the 

critical zone where the test is inconclusive, and the other 

indicates no evidence of autocorrelation, so I concluded
 

that autocorrelation was not a problem.
 

Except for the full model, the F-tests for the planting
 

models are all significant at the .05 level--most much more
 

than that. Yet, the t-tests for the individual parameters
 

in the unrestricted models are not significant. This is
 

because of multicollinearity between the primary variables:
 

6. See :menta (1971) pp. 277-282 for a discussion of the
 

properties of ZSLS estimators when autocorrelation exists.
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Table 6.Ordinary Least Sqres Estimation ot 
the Planting Decision Model (i965-1985).
 

Planting Decision Model: 
 Plantt 0 ilt #12PCh,t 
#13 t "Chjt) £4PcO13 t kPcoit '16PLrt
 

Parameter: 
 1o I\A A A A11 12 53 54 45 46 R2 F 
 DW
 

Full Model: -125,710 3,752 369 
 -10.5 -15.9 31.9 139 .702 3.93 1.63

(209,174) (7,4701 (223) (10.5) (28.7) (35.3) (4860)
 

Restricted Full: -79,587 
 1,389 3001, -7.0 
 -I.2 31.4 
 413 .699 5.111 ­
(3=-7) (149,294) (2,064) 176) (N.A.) (21.5) 133.81 (4591)
 

Restricted Full: -53,012 28 26111 -5.0 
 -16.4 31.2 571 .694 
 4.9911
=-51
(13 (1500485) (2,080) (77) (M.A.) (27.7) (34.0) (4627)
 

Reduced Model A: -95,886 4,650 364 
 -10.8 ---- ---- .674 0.9511 1.78 
(149,221) (6,705) (204) (3.5) 

Restricted A: -41,630 1,9881 28711 
 -7.0 ---- ---- .670 14.20 I ­(U3=-71 (60,035) (762) (66) IN.A.)
 

Restricted A: -13,009 
 585 24711 -5.0 ---- ---- .664 13.861 ­(13=-5) (60,519) (76111 (0) (N.A.)
 

Reduced Mode) 1: 
 58,544 -2,92511 146 
 ---- .641 12.5211 1.49 
(62,569) (794) (69)
 

(Standard errors of estisates are given inparentheses.)
 
I Significant at the .05 level.
 
16Significant at the .01 level.
 
(F.05,6,11=3.09; F 05.5 12=3.l; F.
0513,14=3.18; F.05,2,15:3.66)
 

= 7i-2.0; .O5,K,le = 
.93-1.69; OW.05 ,K:2,B = 1.05-1.53) 

tj-13 

http:1.05-1.53
http:F.05,2,15:3.66
http:0513,14=3.18
http:F.05,6,11=3.09


the incentive level. charcool prices, and 
the interaction
 

term. 
 By fiwino one of these coefficients at a reasonatle
 

level, this prcolem can be largely avcided.
 

The interaction coefficient is the logical one to fix
 

because it is, of 
course, highly correlated with the
 

incentive level and 
the charcoal price. The estimated
 

interaction coef4icient 
is so large, that at the maximum
 

level of the subsidy (50% of taxes 
due) the planting
 

decision becomes negatively related to price, and at zi
 

price 1evels enperienced, the planting decision is
 

negatively related 
to the incentives. By fixing this
 

coe-ffcient at -S, 
the price effect is approximately zero at
 

the maximum level 
cf the incentive. 
 Table 4 also shows the
 

result of setting the restriction at -7. When S7 
is
 

restricted, the standard errors of 
the estimates of S1 and
 

S2 become much smaller, as expected.
 

As previously discussed, the derivatives of the planting
 

decision model with 
respect to the price of charcoal and the
 

incentive limit are:
 

d Plantt = S + S (I 

d PCht 
 z t
 

d Plantt 5 + S
 
d I13 ( Cht
 

Thus, for reduced model 
A, with S- restricted at -5, the
 

change in hectares planted for a one cruzeiro change in the
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price of charcoal is estimated 
to be 247 - 5(4t). This
 

means that when the 
incentive limit 
is 50%, -0 hectares are
 

Planted 4 or a one 
cruzeiro increase in 
the price of
 

charcr>l; 
when the incentive limit 
is 17.5%, 159.5
 

additional hectares planted
are for each one cruzeiro
 

increase in 
the price of charcoal.
 

The change in hectares planted for 
a one percent change
 

in the incentive limit--as estimated 
for reduced model 
A
 

with S- restricted 
at -5 ---is E31 - 5RCh,t). The average
 

real price of charcoal during the study period 774
was 


cruzeiros. 
 ?t this prize, a one percentage point 
increase
 

in the portion c4 tazes eiigible for reforestation ta;.
 

credits will decrease the 
area planted by 
3,285 hectares.
 

Thus, the results oi 
th: z study show that the area planted
 

increased 
as the 
subsidy limits decreased. This is
 

basically the result obtained for reduced 
model B where no
 

interaction 
was included and 
the coefficient on 
the
 

incentive limit variable is 
-2.925. Note 
that not including
 

the interaction term is the same as 
restricting the
 

interaction 
term at zero. Thus it is 
not possible to make
 

the 
incentive response positive by restricting 87.
 



VI. Summary and imp 1ications
 

The Brazilian fiscal incentives for forestry 
were
 

instituted in 1967 with the goal 
of increasing the area of
 

industrial plantations. 
 Thus, cutting pressure would be
 

reduced 4or natural 4crests and industr-ies would still be
 

assurec cf 
 having an adequate resource base. The resul ts o 

this study, hcwever, indicate that the actual e- ect c- t.e
 

incentives 
 may have been to reduce the amount o- planing. 

A conclusion that planting 
levels were negatively
 

related tc the subsidy limit is difficult to accept. A
 

better e; pl rat ion may be 
 that the limit as measured in this 

study--percentage of ta::es due eligible for tax credits--was 

not the true limiting factor for the subsidy program. 

Perhaps the -,ue 1imits were determined by was the resources 

available for administering the program. For example, the
 

number of 
projects approved may have been limited by che
 

number thst 
could be inspected. Another limiting factor
 

might have been 
an informal budgeting system for 
the subsidy
 

program, where the number of 
projects approved was
 

restricted to limit the forgone revenue 
to the treasury. No 

record of specific budget limits or of formal criteria for
 

allocating limited 
funds was found.
 

Corporations" abilities 
 to react to the incentives 

quLic.ly may also have limited the rate of 
growth in the
 

planting programs. It takes time to acquire the necessary 

http:quLic.ly


trained personnel 
to manage planting programs. Nurseries 
to
 

produce seedlings also have to be established. Many
 
corporations, however, planted large 
areas without
 

incentives. 
 These companies, at 
least. 
 ere not 
constrained
 

by production capacity in 
their ability to use the
 

subsi dies.
 

Perhaps the observed planting pattern 
over time 
is best
 
e::plained by cther economic factors 
not included 
in this
 

study. 
The real rate of 
interest, 
the availability of
 
investment 
4unds for the private sector, inflation, and 
the
 
rates of 
return 
in alternative investments could all 
be
 
important factors. 
 All of these factors, except inflation.
 

are difficult to observe for Brazil. 
 Interest 
rates 
are
 

observable in 
theory, but rates 
are extremely
 

variable, depending mn the lender and the borrower. 
 It is
 

difficult 
to make sense of 
the effect of 
inflation without
 

more information 
on the other factors. 

It seems a 
safe conclusion, at 
least, 
that the limits on
 
the percent c4 taxes eligible for forestation tax 
credits
 

were not an important factor affecting the planting 
rate of
 
eucalyptus in Minas Gerais. 
Charcoal 
prices appear 
to have
 

had the expected positive effect. 
 The interaction 
term was
 
also negative as 
e:pected, but it 
is doubtful that this term
 
has much meaning, given the questionable influence of 
the
 

subsidy limits on 
planting levels.
 



I was unable to accurately estimate the demano 4unction
 

for plantation-origin charcoal in this study. However,.
 

theoretical considerations, a previous study (Amanclo et il,
 

1983), and the provisional results obtained in this Study
 

all indicate that the demand for charcoal is price elastic.
 

The supply of plantation-origin charcoal, on the other hac.
 

is evidently very price inelastic. The quantity supplied is
 

determ-ned mostly by the amount of mature eucalyptus
 

available--i.e., by past planting decisions. This alsc
 

means that harvesting decisions are not affected much by
 

charcoal price shifts. Thus, any effects the subsidy
 

program had on the planting decision directly affected the
 

supply of plantation-origin charcoal eight years later.
 

In summary, the results for the planting decision model
 

suggest that the percentage of taxes eligible .or
 

forestation tax credits did not influence planting rates.
 

Planting rates do appear to be responsive to current
 

charcoal prices. While the model of the charcoal market in
 

Brazil has not been definitely vrified by the results of
 

the statistical analysis, the results are consistent with
 

the general concepts of the hypothesized model.
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APPENDIX: Data 

Accessing Brazilian data from the United 
States is
 

understandably difficult. 
 The difficulty is 
not so much due 

to the lack of well-kept statistics for Brazil; although not
 

as well-kept as 
United States statistics, for the most 
part,
 

records do exist 
and are reasonably accurate. 
 The problem
 

is mostly one of accessiog these records. 
 Therefore, I nave
 

included this 
appendi;, containing my data sets for 
fut,_rre 

reference.
 

What success 
1 did have in obtaining data 
was due tz the
 

use of the telephone in making 
contact with potentially
 

helpful 
Brazilian officials and bureaucrats. I was aided by
 

Marcos Santana., a Brazilian graduate student at 
NCSU, who
 

translated for 
me and provided invaluable experience with
 

the Brazilian system. 
 Over the telephone, we were able to
 

reach the persons closest to 
the particular information we
 

were seeking. 
 Tf the organization did 
not have the data we
 

were looking for, 
they could at least help LIS 
find out where
 

we might try next. In our 
case, much of 
the information 
was
 

transferred directly over 
the telephone. However, the primary
 

advantage of 
using the telephone was in finding out who had
 

the data we were interested in 
and who was willing to help.
 

Where necessary, some values 
were estimated. 
 This
 

appendix 
also describes the procedures used 
to estimate
 

these values.
 



Data on areas planted in Minas Geriis by species and by
 

source of funds--incentive laws 5106. 1174. or private--for
 

each year were obtained from the IBDF (Table Al and Table
 

A2). Table A7 gives the percentage of ta;:es due eligible
 

for ta. credits for each year and the Brazilian government's
 

expenditures on forestry incentives in Minas Gerais. The
 

IBDF also provided harvest data for Minas Gerais for each
 

year since 1974 for eucalyptus (Table A4) since -r
and -7 


pine (Table AE'. The harvest data included information on
 

area harvested, trees per hectare. yields, and average
 

annual increment.
 

Data on areas planted and harvested for pulp and paper
 

were obtained from CENIBRA, the only pulp and paper company
 

in Minas Gerais (Table A6). it was assumed that all
 

eucalyptus not utilized for pulp and paper was converted to
 

charcoal.
 

ABRACAVE (the Brazilian Association of Charcoal 

Producers) provided data on the amount of charcoal produced 

'n Brazil from native forests and from plantations (Table 

A7). Data on charcoal consumption by the iror, and steel 

industries in Brazil and Minas Gerais were also included. 

For most years, recorded consumption of charcoal in Minas 

Gerais is exactly 90% of Brazilian consumption. Based on 

this, it was assumed that 90% of each type of charcoal was 

also pI-oduced in Minas Gerais. Charcoal e::ports were also 

reported by ABRACAVE (Table A8). 



A&RACAVE also povided annual 
data on the price of
 

charcoal in 
Minas Gerais since 1975 
(Table A9). Data for
 

19 82-19E= "ere reported in detail: 
by month and planning
 

region within Minas 
 Gerais (Tables A1O-0I4). Where charcoal
 

prices were needed for 
dates before 197Z, some values were
 

calculated ircm 
a cost index for charcoal 
given in Beattie 

(1975, p.225). Beattie notes that the index value for 1974
 

is based c 
 a real (1977) price for charcoal of Cr$ 57.00.
 

This trarslates to a nominal crice of Cr$ 74.01, thus all
 

other inde numers were 
 divided by (2701/74.01) to ottain 

nomin&l prices Vcr 
charcoal in those years.
 

Finall 
, A RACAVE provided in'ormation 
on annual
 

prcwucti:r levels--with charcoal and with coal--of steel
 

(Table A14), pig 
iron (Table A16), 
and iron alloys (Table
 

417). Also included were annual 
charcoal consumption levels
 

in the production of each of 
these products. Tables A13 and 

A19 give e~port data for pig iron and iron alloys. No 

enport inlormation was given for 
steel. Other 
information
 

from ABRACAVE included 
the consumption of charcoal in
 

cement-making in Brazil (Table A2M) and 
in the production of
 

other primary metals (Table A21).
 

SIDEDRAS is a public/private company that has handled
 

all the coal imports for 
the iron and steel industry since
 

1979. 
 They provided price series for national 
and imported
 

metallurgical 
coal for 1979-1995. Since this 
time series
 

was not long enough for this analysis, values 
for the price
 

http:2701/74.01
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of imported coal for 1967-1971 were calculated from the cost
 

inde;: for coal in Beattie (1985, p.=5). The method useo
 

was the same as described above for charcoal (based on an
 

assumed 1974 price of coal of Cr$ 425 per ton). Coal prices
 

for 197-1978 were then estimated by regressing these data
 

on Brazilian prices in constant US$ versus U.S. coal
 

(bituminous) prices in constant US%. The results of this
 

regrEssicn were;
 

PBrCo = 46 . + 1.77 PUSCo R-squared: ... 
(16.1) (.75)
 

Although the R-squared statistic is not high for this model.
 

the t-ratio for each coefficient and the F-statistic for
 

the model were significant at the .'J5 level. The e::pert
 

price of U.S. coal (bituminous, FOB at an eastern Port) was
 

found in the Department of Energy 1985 iAnnual Report to the
 

Congress. The import price of coal and estimated values are
 

listed in Table A9 with the charcoal prices.
 

SIDERBRAS also provided data on the price of national
 

metallurgical coal for the period 1979-1985. In an attempt
 

to extend this price series to earlier dates, I tried to
 

find another source for such prices. The Brazilian National
 

Council of Petroleum (CNF) provided data on the prices of
 

coal used for energy, originating from the states of Farana.,
 

Santa Catarina, and Rio Grande du Sul. The CNF also
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provided price series ?or diesel 
in Brazil. The price o#
 

diesel is regulated by 
the Brazilian government, and is the
 

same tnroughout the country. 
 These price series are listec
 

in Table A22.
 

Exchange rates for 
dollars and cruzeiros and Brazilian
 

and U.S. arcaucer price indexes 
wer-e obtained from the
 

Internat:nal Monetary Fund 
Yearbook for 1985 and Monthly
 

Report for February 1986. National Income and 
Gross
 

Domest'c Product time series 
fcr Brazil were 
also obtained
 

from this source. National Income data 
were not given for
 

the period 1982-1994, so estimates 
were used based on
 

regressing real 
(19S0) National Income on real (1980) Gross
 

Domestic Product and using the resulting predicted values
 

for those years. 
 The results for this regression were:
 

INC = -1475 + 1.,46 GDP R-squared: .980 
(Q70) (0.040) 

Based on the close fit and 
low standard errors 
for this
 

regression, 
it is safe to conclude that the estimated
 

National Income 
values are reliable. These data 
can be
 

found in Table A2l.
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Table Al. Hectares oi Eucalyptus Planted With and
 
Without Tax Incentives inMinas Serais.
 

Eucalyptus Total 
Eucalyptus Planted with Area oi 

Year Planted With Private Eucalyptus 
Incentives Resources Planted 

1967 4,859 4,8-9 
1968 13,815 -- 13,815 
1969 21,079 15,189 36,268 
1970 35,592 5,800 41,393 
1971 36,067 49,970 86,037 
1772 48,658 8,576 57,234 
197! 44,582 6,428 51,010 
1974 69,840 8,180 78020 
1975 114,774 7,588 122,362 
1976 130,050 28,792 158,842 
1977 142,888 35,843 178,731 
1978 152,665 31,506 184,171 
1979 164,428 36,173 200,bO1 
1980 125,318 34,236 159,554 
1981 102,409 20,528 122,937 
1982 114,505 11,859 122,364 
1983 57,109 15,945 73,054 
1l84 80,461 7,820 88,821 
1985 83,47 7,984 91,431 
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Table A2. Hectares of 
Pine and Fruit Trees Planted With and Without Tax
 
Incentives :n Minas Gerais.
 

Total Are3 of 

Year 
Pine 

Planted With 
Pini Planted 
with Private 

Area of 
of Pine 

Fruit Trees 
Planted with 

All Species 
Planted With 

Incent:ves Resources Planted Incentives Incentives 

1967 
1968 
1969 

----
----

.... .... 

4,859 
13,815 
21,079 

1970 --- 161 161 5,592 
1971 
1972 
1973 

8,309 
7,680 
11,7 

450 
.... 
327 

8,759 
7,680 
11,564 

4,446 
942 

3,222 

48,821 
57,279 
59,041 

1974 
1975 
1976 
1977 
1978 

7,439 
22,496 
27,870 
24112 
30,710 

5 
176 
8 

---

7,474 
22,672 
27,9I8 
24,612 
30,710 

1,706 
1,020 
1,650 
3,444 
2,00 

78,985 
138,289 
159,571 
170,944 
185, 

1979 
1980 
1981 
1982 
1983 
1984 
1985 

23,500 
18,419 
8,.47 
9,600 
2,152 
4,308 
2,144 

8 

150 
9,600 
-

28,508 
18,419 
8,697 
9,600 
2,153 
4,308 
2,144 

1,200 
100 

-

-

-

-

194,120 
143,837 
110,956 
124,105 
59,261 
84,770 
85,591 
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Table A3. Percentage of Tixes Due Eligible
 
far Tix Credits and Total Expenditures
 
on Forestry Incentives inMinas Gerais.
 

Totai 

Year 

Percentage of 
Taxes Due 

Elligible for 

Expenditures 
on Forestry 
Incentives 

Tax Credit (OTN) 

1967 50.0
 
1968 50.0 

1969 50.0
 
1970 
 35.0
 

1971 30.0
 
1972 25.0
 
1973 25.0
 
1974 22.5 3,438,821
 
1975 20.0 6,836,631
 
1976 17.5 8,266,619
 
1977 17.5 8,613,543
 
1978 17.5 9,636,330
 
1979 17.5 10,839,318
 
1980 17.5 11,9'7,53
 
1981 17.5 8,562,329
 
1982 17.5 8,89,284
 
1983 17.5 4,503,308
 
1994 17.5 4,916,983
 
1985 17.5 6,710,152
 

tON are a for@ of government bond, bearing
 
interest and part:lly corrected for inflation.
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Table 44. Eucalyptus harvest data for linas Gerais.
 

Area Average No. Average Average Average Ann. 
 Average

Harvested 
 Trees per Voiume volume Increment age at
Year (Hectares) Htctar 
 (j3!ha.) (Steris/ha.j (Steres/ha./yr.) Harvest
 

1976 12,144 
 1,780 137.00 194.84 
 22.60 8.6
1977 .U,251 
 .,05 145.24 205.10 
 24.10 8.5

1978 79,935 
 1,510 !15.90 168.77 
 20.02 8.4

1979 41,328 1.324 97.30 
 145.95 20.85 
 7.0
1980 89,405 
 :,3 95.91 143.71 20.72 6.9
 
1q~l 791429 1,126 99,Q6 149.94 18.23 8.2
 
1982 61,80 
 !,4!0 114.05 171.06 
 19.73 8.7

1983 105,952 1,236 R.15 
 133. 16.9 
 7.9
 
1984 13,505 
 6.34 99.36 13.68 
 6.3
 
1985 171,582,4 
 78.19 117.29 15.83 
 7.4
 

Table A!. Pine harvest data for Miias Gerais.
 

Area Average No. Average Average Average Ann. 
 Average

Harvested 
 Trees ,er Yo*use yoluse Increment age at


Year (Hectares) Hectare 
 (m3/ha.) (Steres/ha.) (Steres/ha./yr.) Harvest
 

1977 792 2,099 168.4! 245.08 28.83 8.5
1978 252 1,1C2 64.13 7.0
96.20 13.74 

1979 3,971 1,573 
 99.13 142.88 17.86

1980 
 3,693 1,798 175.40 262.34 25.71 

8.0
 
10.2


1981 2,014 1,830 
 276.13 414.20 
 43.50 
 9.5

1982 1,856 1,086 111.83 167.75 19.62 8.5

1983 5,893 1,215 210.74 316.1! 36.82 8.6
1984 1,646 1,708 282.51 423.77 37.37 11.3

1985 8,979 
 95 86.64 129.96 29.27 
 4.4
 



Table A6. Planting and Harvesting oi Eucalyptus
 
for Pulp and Paper. (Hectares)
 

Eucalyptus 
Ytiar Planted 

1967 1 
1968 0 
1969 0 
1970 0 
1971 2,619 
1977 4,265 
197 1,260 
1974 4,18E 
1975 7,410 
1976 19,4 89 
1977 10,985 
1978 7,958 

1979 
1980 9,196 
1981 9,324 
1982 6,196 
1983 4,250 
1984 2,460 
1985 2,261 
1986 3,022 

Pine 

Planted 


0 

2,902 


0 

0 


31 

97 


108 

1,049 


445 

3,262 

iO,679 

3,962 


1,234
11 

0 

0 

0 

0 


2,107 


2,000 

1,500
 

Eucalyptus
 
Harvested
 

0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 

0
 
0
 

5,000
 
5,000
 

5,000
 
5,000
 
J,000
 
5,000
 
5,000
 
5,000
 

5,000
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Table A7. Brazilian Charcoal Production and Consumption inMetallurgy.
 
(All Units are s3) 

Year 

Native-
Origin 
Charcoal 

Production 

Plantation-
Origin 
Charcoal 

Production 

Total 
Charcoal 

Production 

Consumption 
of Charcoal 
inMetallurgy 

(Brazil) 

Consumption 
of Charcoal 
inMetallurgy 
(Minas Gerais) 

1974 
1975 
1976 

1977 
1978 
1979 
1980 

1981 
1982 
1983 
1984 

---

--
14,044,136 

13,648,140 
13,317,352 
15,116,033 
16,866,499 

15,576,651 
14,928,612 
18,422,967 
24,597,266 

-

-
1,455,864 

1,601,860 
1,832,648 
2,183,967 
2,777,501 

Z,65,782 
3,732,153 
4,086,928 
5,009,797 

--

15,500,000 

15,250,000 
15,150,000 
17,300,000 
19,644,000 

19,230,4:3 
18,660,765 
22,509,895 
29,07,063 

11,477,287 
13,715,369 
14,466,038 

14,313,021 
14,229,511 
16,704,983 
18,541,527 

17,494,357 
16,458,397 
19,348,183 
25,157,424 

10,329,538 

12,343,832 
13,037,434 

12,881,719 
12,806,560 
15,034,485 
16,687,:74 

15,744.921 
14,812,557 
16,445,956 
21,158.872 

Table AB. Brazilian Charcoal Exports. 

Year 
Metric Tons 
Exported 

Value 
US$ FOB 

1979 
1980 
1981 
1982 
1983 
1964 

31,169 
25,428 
9,433 
3,169 
6,512 

10,980 

2,149,663 
1,539,867 
1,010,105 
500,466 
774,080 

1,214,639 
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Table A9. Relative Prices for Charcoal
 
and loported Coal inMinis Serus.
 

Real Price 0 
Price of laported 

Year Charcoal Coal(cif) 
(1980 SCR) 
(m3) 

(1990 SCR) 
(ton) 

1968 629.161 2990.341 
1969 720.633 31.66t 
1970 853.321 3422.21t 
1971 708.411 4023.803 
1972 604.161 3545.99 $ 

1973 - 3290.28+ 

1974 850.57 4886.634 
1975 756.76 4552.73" 
1976 886.79 4318.81 + 

1977 701.59 4202.06 + 

1978 1011.38 4239.19 + 

1979 857.44 4147.74
 
1980 1033.00 4712.27
 
1981 720.46 4864.42
 
1982 708.85 5091.21
 
1983 780.61 4290.81
 
1984 601.89 3885.92
 
1985 729.57 4015.70
 

* Based on indexes given inBeattie (1975).
 
+ Estiated (See earlier text).
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Table AI0a. Monthly Native-origin Charcoal Prices, By Planning Region1
 , ;or 1982.
 
(Actual Cruzeiros)
 

Month Region I Region 11 Region III Region IV Region V Region VI 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 

December 

2,145 
2,465 
2,540 
2,450 
2,315 
2,475 
2,785 
2,750 
2,700 
2,650 
2,:7 

2,425 

2,485 
2,565 
3,085 
3,275 
3,275 
3,275 
3,250 
3,525 
3,680 
3,070 
2,965 

2,900 

2,100 
2,425 
2,800 
3,015 
3,000 
2,915 
2,790 
2,780 
2,825 
2,745 
2,510 

2,805 

2,200 
2,310 
2,550 
2,910 
2,700 
2,870 
3,310 
3,350 
3,380 
2,950 
3,235 

3,235 

2,305 
2,810 
3,060 
3,125 
3,475 
3,475 
3,475 
3,475 
3,945 
3,945 
3,945 

3,945 

2,025 
2,025 
2,275 
2,400 
2,405 
2,400 
2,405 
2,405 
2,405 
2,405 
2,405 

2,405 

I For a ma showing the planning regions of Minis Gerais, see 
Beattie (1975), p 48.
 

Table AlOb. Monthly Native-origin Charcoal Prices, By State, for 1982.
 
(Actual Cruzeiros)
 

Month Minis Gerais 
 Sao Paulo Rio de Janeiro Bahia
 

January 2,210 1,770 
 2,185 2,230

February 2,435 
 2,040 2,285 
 2,320
 
March 2,720 
 2,63 2,875 2,435

April 2,860 
 2,745 3,050 
 2,460
 
May 2,860 3,155 3,360 2,410

June 2,900 3,450 3,500 2,885
 
July 3,000 3,310 3,770 3,390

August 3,050 
 3,185 3,945 
 3,230
 
September 3,155 3,395 
 3,950 4,325

October 2,960 
 2,760 3,845 
 4,350
 
November 2,905 2,670 3,820 4,500

December 2,955 2,930 3,885 4,800
 



Table Al!a. Monthly Native-origin Charcoal Prices, By Planning Region, for 1983.
 

(Actual Cruzeiros)
 

Month Region I Region II Region III Region IV Region V Region VI 

January 2,525 2,908 2,967 3,175 3,950 2,472 
February 3,350 4,051 3,808 3,609 3,945 2,660 
March 3,742 3,496 4,492 4,018 3,945 3,035 
April 5,676 5,683 7,008 6,217 9,223 5,500 
May 7,392 7,229 7,917 6,942 9,445 6,200 
June 7,933 8,171 8,271 7,255 10,000 6,400 
July 9,367 10,025 10,050 8,277 13,890 7,937 
August 10,900 11,438 10,858 10,217 15,002 9,350 
September 11,275 11,625 10,725 10,525 13,375 9,300 
October 1!,040 11,489 11,300 10,600 13,500 9,300 
November 11,200 11,500 11,600 10,800 13,800 9,300 
December 1:6:0 12,850 13,420 12,520 15,700 10,700 

Table Allb. Monthly Native-origin Charcoal Prices, By State, for 1983.
 
(Actual Cruzeiros)
 

Month Minas Serais Sac Paulo Rio de Janeiro Bahia
 

January 2,999 2,808 4,197 4,463 
February 3,572 3,473 4,106 4,625 
March 3,78 4,237 4,547 4,555 
April 6,551 4,261 5,945 4,965 
May 7,521 5,719 6,962 5,340 
June 7,988 6,464 7,753 6,882 
July 9,908 6,662 8,432 8,500 
August 11,294 7,823 9,071 7,925
 
September 11,115 8,654 11,450 8,800
 
October 11,183 9,830 11,800 11,622
 
November 11,400 0,800 12,700 11,400
 
December 13,150 11,250 15,300 11,800
 



Table Al2a. Monthly Native-origin Charcoal Prices, By Planning Region, for 
1984.
 
(Actual Cruzeiros)
 

Month Region I Region II Region III 
 Region IV Region V 
 Region VI
 

January 15,000 
 14,815 16,050 13,915 
 17,965 12,348
February 15,700 
 15,955 15,875 
 14,950 18,380 
 12,965
March 14,815 15,605 
 14,560 15,065 18,BO 
 12,750
April 14,435 15,565 14,465 
 14,915 18,380 
 12,400

May 15,110 16,140 
 16,705 16,000 18,280 
 12,475
June 16,540 16,7!5 18,265 
 16,590 
 19,03 14,400
July 18,985 19575 19,650 18.645 23,'00 
 15,740
August 21,115 23,190 
 23,160 21,100 
 26,825 18,650
September 23,.70 
 25,2-0 25,740 
 22,545 30,325 20,140
October 27,060 28,830 
 28,790 25,570 33,700 
 22,30
November 32,925 
 34,600 36,610 
 Z0,945 40,290 
 26,820
December 37,990 
 41,000 39,475 37,548 
 48,000 31,950
 

Table Al2b. Monthly Native-origin Charcoal Prices, By State, for 1984.
 
(Actual Cruzeiros)
 

Month 
 Minas Gerais 
 Sao Paulo Rio de Janeiro Bahia
 

January 14,970 
 11,815 15,960 
 12,450

February 15,640 13,320 
 16,870 15,050

March 15,195 13,725 
 16,400 17,050
April 15,030 15,010 17,100 
 16,55

May 15,800 16,030 
 19,315 16,775

June 16,940 15,465 22,145 
 16,7M
July 19,2S5 15,460 
 22,280 16 775

August 22,340 
 18,400 28,990 22,250
September 24,560 
 20,380 30,135 
 22,500

October 27,650 23,800 
 34,600 14,250
November 33,700 28,531 41,952 
 38,000

December 39,412 31,125 
 43,794 38,000
 



Table A1la. Monthly Native-origin Charcoal Prices, By Planning ..gion, for 1985.
 

(Actual Cruzeiros)
 

Month Region I Region 11 Region Ill Region 11) Region V Region VI
 

January 51,5-2 51,166 53,231 46,674 56,265 41,500 
February 75,691 82,166 74,249 85,925 87,605 73,175 
March 77,283 83,3"75 74,833 87,309 85,000 70,937 
April 79,70 24,031 84,416 88,01. 90,250 71,750 
May 80,958 84,562 86,082 88,623 92,000 73,687 
'une 80,i33 84,312 20,8a3 85,006 92,000 74,500 
July 79,300 84,125 81,624 81,749 92,000 74,500 
AugustSeptember 81,00082,087 

S0 
84,75085 ' im 
85,1. 

85,666 
88,166 

82,8!3 
83,333 

94,500 
97,425 

74,500 
74,775 

October 8E',47 86,!87 92,999 87,3!2 103,350 75,393 
Noyeaber 109,222 115,164 109,444 106,157 133,866 87,941 
December 1:0,666 139,646 10, 12 160,425 114,250 

Table A13b. Monthly Native-origin Charcoal Prices, By State, for 1985.
 

(Actual Cruzeiros)
 

Month Minas Gerais Sao Paulo Rio de Janeiro Bahia
 

January 50,484 43,450 49,669 55,000
 
February 77,736 48,400 79,816 60,00
 
March 79,789 63,400 84,375 60,000
 
A4ril 82,725 72,940 8Y,468 77,000
 
May 84,318 83,175 74,602 84,000
 
June 82,787 81,962 100,461 84,000
 
July 82,216 81,962 107,262 !"0,000
 
August 83,874 93,315 96,800 110,000
 
Septembei 85,151 93,375 107,697 110,000
 
October 88,179 102,712 121,666 120,000
 
November 110,299 1121500 141,573 120,000
 
Oecember 133,442 127,500 160,606 120,000
 



Table A14a. Monthly Nat:ev-origin Charcoal Prices, By Planning Region, for 1986. 

(Actual Cruzeiros)
 

Month Region I Region II Region III 
 Re;ion IV Region V Region VI
 

January 138,17: !50,300 
 156,083 138,667 173,400 125,125

February 160,300 177,762 
 177,416 161,100 
 206,700 139,315
March 12.50 18.0 
 176.30 172.10 
 212.50 144.85
April 184.89 192.09 201.71 
 182.13 222.50 
 159.51
Nay 2Zi.!0 243.96 328.67 
 210.08 276.25 
 194.00
 

Table 414b. Monthly Native-origin Charcoal Prices, By State, 
for 1986.
 
(Actial fruzelros)
 

Month Minis 6erals 
 Sao Paula Rio de Janeiro Bahia
 

Janu;.y 147,291 11,3- 168,39 13,500

Fbruary 
 :70 ,"'7 138,750 180,000 174,210
March 176.53 140.00 180.00 195.17
 
A p r i l 1 9 0 .4 8 .... .. .
 
May 230.75 .
 



Table AlS. Brazilian Steel Production and Consumption of Charcoal.
 

Steel Steel Total Corsumption
 
Production Production Steel of Charcoal in
 

Year With Coal v/Charcoal Production Steel Mf4.
 
(Met. Tons) (Met. Tons) (Met. Tons) (!3)
 

1?74 3,Z42,676 2125,806 7,507,220 5.653,547
 
1975 4,050,240 2,519,353 8,308,046 6,600,705
 
1976 4,500,234 2,494,818 9,162,899 5,787,978
 
1977 6,223,040 2,598,242 11,163,755 6,521,587
 
197B 6,872,834 2,638,977 12,106,921 6,201,595
 
1979 8,028,493 2,789,437 13,891,101 7,085,170
 
1980 8,681,660 3,117,868 15,338,957 8,449,422
 
1981 7,095,336 2,916,025 13,320,460 8,835,556
 
198^ 7,035,468 "'841"251 12,996,417 8,410,13Z
 
!983 8,528,995 2,844,102 14,670,618 6,503,865
 
1984 10,740,056 3,402,907 18,385,164 10,167,886
 

Table A16. Pig Iron Production ind Consumption of Charcoal. 

Production_ with Charcoal Total Consumeon of Charcoal 
Production Integrated Independent Pig Iron Integrated Independent 

Year With Coal Mills Mills Total Production Mills Mills Total 

1974 2,689,115 1,70,21! 1,426,688 3,156,899 5,846,014 5,646,000 5,393,000 11,0Z9,000 
1975 3,422,745 1,866,952 1,742,968 3,629,920 7,052,665 6,605,000 6,588,000 1:,19:,000 
1976 4,141,326 la66,925 2,132,925 4,028,902 8,170,228 5,798,000 8,062,001) 13,860,000 
1977 5,537,281 1,979,375 1,80,716 3,843,091 9,380,372 6,512,000 7,045,000 13,557,000 
1978 6,198,938 1,96,795 1,907,314 3,844,109 10,043,047 6,192,000 7,210,000 13,402,000 
1979 7,281,880 2,104,643 2,326,891 4,431,534 11,713,414 7,074,000 8,656,000 15,730,000 
1980 7,743,887 2,494,3175 2,447,021 4,941,396 12,685,283 8,453,000 8,980,000 17,443,000 
1981 6,425,515 2,380,524 1,989,491 4,370,015 10,795,530 8,829,000 7,122,000 15,951,000 
1982 6,702,699 2,377,581 1,747,062 4,124,643 10,827,342 8,422,000 6,624,000 15,046,000 
1983 8,091,011 2,386,785 2,466,725 4,853,510 12,944,521 8,517,000 8,978,000 17,495,000 
1984 10,744,429 3,005,412 3,483,553 6,488,965 17,233,394 10,168,000 12,819,000 22,987,000 



Table 417. Brazilian Iron Alloy Production and
 
Consumption o4 Charcoal.
 

Iron Alloy Total Consumption
 
Production Iron Alloy 
 o4 Charcoal in
 

Year W/Charcoal Production 
 Iron Alloy fq.
 
(Met. Tons) (Met. Tons) (13)
 

1974 10,715 218,673 438,287
 
1975 251,139 2!6,671 522,369
 
1976 300,980 
 312,765 626,038
 
1977 6.42 
 7, 144 756,021
 
1978 397,842 410,497 
 827,511
 
1979 468,742 485,149 
 974,983
 
1980 42,946 
 672 1,108,527 
1981 54Z 605 
 564,069 1,543,357
 
1982 537,Z50 !63,897 
 1,412,397
 
1983 570 ,436 580,72 1,853,183
 
1964 667,823 681,453 
 2,170,424
 

Table AIS. Brazil~an P:q Iron Exports. 
 Table A19. Brazilian Iron Alloy Exports.
 

Metric Tons Value 
 Metric Tons Value

Year Eiported US$ FOB 
 Year Exported US$ FOB
 

1914 252,255 30,899 
 1974 43,868 19,415

1975 510,524 65,698 1975 
 60,712 47,768

1976 774,947 79,356 
 1976 86,768 78,081

1977 850,605 88,872 1977 
 113,555 80,402

1978 1,026,480 111,501 1978 
 147,199 124,750

1979 989,343 131,789 
 1979 163,073 164,768

1980 841,331 119,471 1980 
 164,206 176,131

1981 714,446 87,180 
 1981 252,013 217,937

1982 677,360 80,035 
 1982 224,909 167,210

1983 1,808,125 184,924 198K 
 Z45,801 203,341

1984 2,484,394 267,495 
 1984 291,573 226,156
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Table A20. ConsuMption of Charcoal inCement Production inBrazil. (a3 ) 

Region 

Year North North-East Jest-Central South-East South 


30 4,072 44,700 21,420 585,364 144 

1981 69,56 206,460 89,588 694,640 ---

1932 245,720 420684 215,652 895,56 2,168 

1983 276,004 927,160 358,144 967,949 ---

1984 295,863 1,157,008 531,870 1,229,097 1,313 


Table A21. Consumption of Charcoal inOther Primary Metals
 
Industries. (&

38
 

Year Lead Tin Nickel Silicon Zinc Total
 

1980 !6C 16,400 ---- 240,000 256,760 
1981 452 10,400 --- -- 265,000 275,852 
1992 1,808 11,992 276 138,512 270,000 422,588 
1983 3,664 22,052 205,256 151,480 250,000 612,452 
1984 792 32,616 298,392 152,688 250,000 734,488 

Table A22. Prices o4 Brazilian National Coal and Diesel in
 
Brazil. (Actual Cruzeiros)
 

Coal for Enerqy
 
Metallurgical Santa Rio Brande
 

Year Coal Parana Catarina du Sul Diesel
 

1972 - 45.12 90.36 57.54 0.!86 
1973 -- 51.44 104.17 S6.50 0.655 
1974 - 1.72 133.24 89.80 0.887 
1975 B-- 185.89 1.3401.75 113.34 

1976 - 114.91 229.03 142.98 2.266 
1977 --- 153.24 314.42 202.79 3.166 
1978 - 226.57 480.05 291.42 4.500
 
1979 1,164.36 393.86 866.07 475.24 7.975
 
1980 3,236.75 689.24 1,547.60 857.61 14.3
 
1981 7,313.11 2,217.79 3,902.30 2,229.15 34.100
 
1982 16,937.09 5,351.00 8,999.27 5,141.21 73.666
 
1983 35,482.80 10,634.73 25,248.39 11,215.37 191.000
 
1984 105,301.00 31,567.22 65,224.81 32,778.28 623.200
 

Total
 

655,700
 
1,060,224
 
1,779,800
 
2,529,257
 
3,215,151
 

1995 308,955.00 65,491.50 136,625.34 68,363.50 1,837.000
 

http:68,363.50
http:136,625.34
http:65,491.50
http:308,955.00
http:32,778.28
http:65,224.81
http:31,567.22
http:105,301.00
http:11,215.37
http:25,248.39
http:10,634.73
http:35,482.80
http:5,141.21
http:8,999.27
http:5,351.00
http:16,937.09
http:2,229.15
http:3,902.30
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Table 423. 
 Exchanqe Rates, Price Indexes, Brazilian Real National Income,
 
and Gross National Product.
 

Exchange Brazil:an Brazilian U.S. 
 Real Gross
 
Rae Consumer Wholesale Producer National 
 Domestic
 

Cruzeiros Price Price 
 Price 
 Income Product

Year 
 Per U.S.$ Index Inaex Index (1980 Cr1) (1980 Cri)
 

1967 2.66 2.7 
 2.2 39.5 3,681.8 4,620

1968 3.40 3.2 
 2.8 36.4 4,107.1 5,145

1969 4.07 
 4.0 3.3 
 37.3 4,636.4 5,650

1970 4.59 4.9 
 4.1 38.6 4,487.8 5,795

1971 5.29 
 5.9 4.9 
 40.0 5,000.0 6,492

1972 5.91 
 6.8 
 5.8 41.5 5,586.2 7,213

1973 6.13 7.7 
 6.7 42.9 6,776.1 8,191

1974 6.79 
 9.2 8.7 45.8 7,643.7 8,987

1975 8.13 12.7 
 11.1 56.0 8,504.5 9,474

1976 10.67 18.0 
 15.9 62.4 9,547.2 10,395

1977 14.14 2!.8 
 22.6 66.4 10,278.8 10,992

1978 18.07 3 .8 
 31.1 71.0 11,247.6 11,542

1979 26.95 54.7 
 48.4 76.2 12,076.4 12,280
1980 52.71 100.0 100.0 86.1 12,125.0 13,164

1981 93.12 205.6 208.2 
 100.0 11,213.3 12,959

1982 179.51 407.0 
 399.8 110.7 17,206.5 13,079

1983 577.04 984.9 1,072.5 113.7 11,774.5 12,666
1984 1,848.03 2,922.5 3,605.3 
 114.9 12,370.8 13,236
 
1985 6,465.70 9,550.0 11,662.0 117.4 ..... 
1986 (10,000 +) ­ - -

http:6,465.70
http:1,848.03

