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ABSTRACT
This paper contains a regrassion analysis of the causes of agricultural
colonization in twenty-three Latin American countries. Yield gfuﬂth, asseciated
with increased supplies of non-land inputs for crop and livesteck preduction,
is found to alleviate the pressure for frontier expansion associated with

enhanced demand For agricultural commodities.



TROPICAL DEFORESTATION AND AGRICULTURAL DEVELOPMENT
IN LATIN AMERICA

Tropical deforestation arouses widespread concern. Available evidence
suggests that global climate is being affected ([Detwiler and Hall)}. In
addition, ﬁiu]agicé1 diversity is threatened beczuse trapical forests, which
cover less than 10 percent of the Earth’s land surface, harbor half the world’s
plant and animal species ([Myers; Wilson).

In many cuunEries, deforestation is the result of excessive timber
extraction. As Repetto and Gillis (1988) emphasize, the royalties Toggers pay
for access to publicly awned primary forests In southeast Asia fall far short
of stumpage values. Responding to opportunities to capture sizabie rents, they
are inclined to "cut and run." Although destructive legging also takes place
in Latin America, deforestation in the region is primarily an agricultural
pheanomanon. Brazil and a few sther countiries have impiemented projects to
relocate farmers to iree-covered hintarJands. Hnre frequently, conversiaon of
forests into crop land and pasture jis "spontaneous,® being driven by various
economic forces.

For the most part, the existing Tliterature addressing those forces
consists of case studies. Moran’s {1583) analysis of migration to Altamira,. a
settiement on Brazil’s Transamazon Highway, is representative. The geographic
focus of this paper, by contrast, is very breoad. Regression analysis is used
To explain farmers’ and ranchers’ encroachment on trepical forests and other
ﬁatura1 environments throughout Lztin America. In particuiar, the possibility
that frontier expansion in the region is symptomatic of agricultural under-

development, is exp1ured.-

The model and data base used to study agricuiture’s geocgraphic expansion



are described at the beginning of the paper. Hext, the results of regression

analysis are presented. Land cliearing is shown to be inverseily related to
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trends in Crop and l1ivesiock yieids.
of the factors influencing agricultural productivity and leads to suggesiiens

abhout how to conserve natural environments in the developing world.

A Model of Agriculfurzl Frontiar Expansign

Simple Malthusian explanations of tropical deforestation, which are widely
circulzted, leave one with the sense that "surplus peup1e“.are heading for the
develaping world’s agricultura1.frnntiers in droves. This is indeed happening
in some places, including parts of Latin America. ¥or the most part, however,
cities bDear the burden of mounting demographic pressure in the Western
Hemisphere. Even under the most miserable circumstances, urhan dwellers rarely
meve to the Amazon Basin or the Caribbean lowlands of Central ﬁﬁerica. In
addition, emigrants. from the countryside, where fertility far oulstrips
mortality, usually ga to cities and towns, not the agricultural frontier. Az
indicated in Table 1, urbanization is a more pronounced phenomenon in the region
than population growth per se.

If there is a relationship betwsen population growth and frontier
expansion, then, it is primarily an indirect one. Domestic demand for
agricultural commodities is rising in most countries primarily hecause the
number of consumers is growing. In turn, increased demand for food enhances
derived demand for land inputs to crop and 1iuesfock production.

Another potential source of demand growth is external. Pursuing
development strategies that omphasized imoort substifutien and

jndustrialization, Latin American governments Teng discouraged exports by




Table I. Population Growth and Urbanization,
selected Latin American Countries

Total Annual Urban Annuai
Population Growth, Population Growth,
Country in_ 1988 1980-85 in_1988 19806-88
Brazi] 144 million 2.2 percent 108 millson 3.5 percent
Colembia 32 2.1 22 3.0
Costa Rica 3 2.3 1 1.8
Ecuador 10 2.7 & 4.7
Guatemaia 9 2.9 3 z.9
Honduras 5 3.6 2 5.6
Mexico 84 2.2 60 3.1
Paraguay 4 3.2 z 4.5
Peru 21 2.2 14 3.1

Source: IBRD

levying taxes and over-valuing domestic currencies {Valdés). In recent years,
however, these distortions have been reduced in a number of countries. As a
result, specialization bhas increased in the production and export of
agricultural commedities in which the region holds 2 comparative advantage.

A1l else remaining the same, increased demestic or interhational demand
far agricultural commodities leads to an ocutward shift in the sactor’s extensive
margin. But the magnitude of that shift depends on two "supply side" factors.
The first is a "Tand constraint." The second is the supply of "pon-land" inputs
in the agricultural sector (e.g., human capital and managerial talent).

The land constraint on settlers’ behavior largely reflects property
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érrangements. Where all land, aaricultural and nom-aqricuttural, is privately
ownad, frontier expansion is influenced by some of the cppertunity costs of land
ciearing. In particular, agenis of deforestation are tTorced o take inlv
account the income associated with timber production.

Along Latin America’s agricultural frentiers, however, all opportunity
cpsts of creating new crop Tand and pasture are, from a settler’s perspective,
éxterna1 costs. Because destruction of natural vegetation is a prerequisite

for formal or informal property rights (Mahar; Southgate et al.), nobody is in

a good position to internalize forestry rents. In addition, a seitler who is
slow about clearing land runs the risk that somebody else will "jump” his claim.
Accerdingly, colonists deforest immediztely whenever agriculiural rents can be
captured by doing so (Scuthgate}.

Given the nature of frontier tenurial regimes in Latin America, the Tand
constraint on colonists’ behavier is important anly if virtualliy all soils that
are both accessible and suyitable for crop eor livestock production have been
occupied by farmers and ranchers, In a non-statistical analysis of

deforestation in Brazil, Schneider et al. (1990) point out that soils featuring

both those characteristics are getting scarcer when the gap between frontier and
infra-marginal land prices declines. Unfnrtunate1y,.suh-natinnal daia en land
valugs are not good enough in most Latin American countries to allow price
differentials to be used as a barometer of Jand scarcity.

In this study, current agricultural land use was ﬁumpared with Iand use
~capabiiities in order to determine whether or not agricuitural colonization is
seriously censtirained. ﬂs indicated in Table 2, natural conditions do not favor
continued Trontier expansion in iwo Andean countries: Bolivis and Pavru. In

addition, the frontier is all but closed in Uruguay and five Central American




Table 2. Currant_versus Potential Aqricultural lang ¥se in Selectied
. icits

latin American Countries with Widespr Nutritional

Country 1887 Aoricyltural land' Potential Aqricultural {and?
Bolivia 30,149,000 HA 30,031,000 HA
Colombia 17,480,000 43,973,000

Ecuador 7,646,000 12,532,000

E?l Salvador 1,343,000 1,320,000

Haiti 1,393,000 645,000

Honduras 4,315,000 3,267,000

Peru 30,845,000 313,585,000

Sources: 1. FAQ, 1988A
2. OAS.

countries: Costa Rica, Nicaragua, Honduras, E)] Salvader, and Guatemala. In

Haiti, agriculture’s extensive margin has advanced well beyond what natural
tﬁnditiuns warrant. The prospects for frontier expamsion are also 1imited in
the Dominrican Republic and Jamaica.

Agricultural coionizatfon is also affected by the availability of non-
land assets for crop and ljvestock production. As those assets are formed,
yields increase and substitution away from land takes place. Consequently, the
pressure to create new crop land and pasture i5 eased.

Principal factors affecting agriculture’s geographic expansion having been
identified, 1et us ¥urn to specification of the dependent wvariable as wall as
the regression model itself. Since property arrangements obiige agricultural

colonists to ignore the value of tree-covered i1and, it makes 1ittle sense to use
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the ratio of cleared area to remaining forests as a dependent variable.

Instead, growth in the area used to praoduce crops and Tivestock (AGLNDGRO)

frontier expansion in Latin America:

AGLNDGRO = B, + B, POPGRO + B, EXPGRC + B, YLDGRO + B, NOLAND . (1)
The coefficients of population growth {POPGRO} and agricultural export growth
(EXPGRO), which both tend to stimulate frontier expansion, are expected to be
positive. By contrast, the coefficient of yield growth (YLDGRO), which is
associated with the formation of non-1and assets in the agricultural sector, is
probably negative. Finally, ﬁnLAHD is a dummy variable indicating that closure
of the agricultural frontier has occurred or is imminent. Its coefficient is
. expected to be negative.

Data

The twenty-four countries listed in Table 3 comprise the sample used in

this study. Data on agricultural land use, population growth, experts, and
agricultural yields for each cnuntfy were obtained from annual publications of
the Food and ﬁgricu?ture Organization of the United Nations (FAQ) as well as
tha International Bank for Reconstruction and Development (IBRD).

For twenty-one of the countries, data on crep land and pasture (FAD,
1929A) were applied to the following logarithmic formula in order to calculate
the regression model’s dependent variable:

AGLNDGRO = 100 [LOG (1987 ag iand) - LOG (1982 ag land)] / 5 . - (2)
This approach was not appropriate, however, for determining depen&ent variable
values for Rolivia, Mexico, and Parzouay becauce land use data far thusé threae

countries are very questicnable.




Table 3. Data Used in the Rearsssion Analysis

Countyry

Argentina
Belize
Bolivia
Brazii
Chile
Coiombia
Costa Rica
Cuba

Dominican Republic

Ecuador
E1 Salvador
Guatemzla
Guyana
Haiti
Honduras
Jamaica
Mexico
Nicaragua
Panama
Paraguay
Peru
Surinam
Uruguay
Venezuela

Sources: 1.

Frontier Population  Export

ion’ Growth? Growth?
(AGLNDGRC) {POPGRO) { EXPGRO}
-0.1% p.a. 4% p.a. -8.5% p.a.
.2 2.2

FAO,
IBRD
FAD,
FAG,

Remote sensing

deforestation currently amounts to 117,000 HA in Bolivia and 615,000 HA 1in
Mexice (WRI}. By contrast, FAQ (1989A) reporied that crop land expanded by just
24,000 HA and that pasture dec)ined hy 250,000 HA betwesen 1982 and 1987 in the

former country.
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According teo the same source, Mexice had exactly 74,495,000 HA



of pasture in 1972, 1977, 1982, and 1987.

In Paraguay, estimated deforestatieon is 212,008 HA per annum (WRI).

between 1982 and 1987 and pastures were supposed to have increased by 3,460,000
HA in the same period {FAD, 1989A). Instead of reflecting an actual shift in
the agricultural frontier, the latter change is prebably indicative of range
lands being reclassified as'pasture.

Because of these incongruities between deforestation and agriculiural land
use data, AGLNDGRC values were calculated for Bolivia, Mexico, and Paraguay by
dividing estimated deforestation (WRI) by 1987 agricultural land {FAQ, 1983A).
This substitute procedure probably understates actual frontier expansion since
. forests are not the only natural environmenit being penetrated by farmers and
ranchers.

With respect to the régressian model’s first independent variabie, POPGRO,
the IBRD’s {1590) estimates of annual pepulation growtk during the period, 1980
through 1988, were used.

Estimates of annual growth in agricultural exporis were obtained by
gpplying trade data {FAﬁ, 1989B) for each of the twenty-four couniries in the

sample to the fallewing regression:

[LOG [exports in year t) - LOG (1983 exports}] G (year t) , [3)
where the range of "t" was 13584 through 1988. For two-thirds of the countries
Tisted in Table 3, the regression caefficient, G, serves as a measure of EXPGRO.
For the remainfng eight couniries, however, EXPGRO was held to zero because the
null hypothesis regarding G was accepted with a confidence interval of 20
percent.

Czlculatien of the third independent variable in the regression equation




invelved two sieps. First, FAQ’s {1989A} index of crop production in 1982 was
divided by crop tand in the same year (FAO, 1989A) to obtain yields for 1882.
Yields for 1987 were obtained in the same fashion. Second, a procedure 1ike
the aone described in equation {2) was applied to identify annual yield gruwth
during the intervening five years:

YLDGRO = 100 [LOG {1587 yields) - LOG (1982 yields}] / 5 ; (4)

Based on a comparison of current agricultural Tand use and land use
capabilities {see preceding section), the value of the Tand constraint dummy
variable, NOLAND, was set equal te one for the following eleven countries:
Bolivia, Cesta Rica, the Dominican Republic, E1 Salvador, Guatemszla, Haiti,
Honduras, Jamaica, Micaragua, Peru, and Uruguay.

Other than dummy variable walues, the full data set used in regression
analysis is presented in Table 3. As can be seen, AGLNDGR0 varies considerably
from country to country. PBetween 1982 and 1987, agriculture’s extensive margin
actuaily veceded irn Argentina, Jamaica, and. Uruguay. “In several other
countries, frontier expansion was negligible.

Compared to EXPGRO and YLDGRO, POPGRO does not exhibit much variation.
Only one country, Guyana, lost populatien, due to heavy emigration. Between
1980 and 1988, population growth exceeded 2.5 percent a year in seven countries.
Annual rates of increase were between 1.5 percent and 2.5 percent in nearly half
the sampfle.

V¥alues of EXPGRO and YLDGRO are widely scattered. Agricultural expurté
declined in countries that suffered civil conflict, maintained pelicies that
discouraged crop and livestock production, or both. In Tight of increassd
domestic consumption of agricuitural commodities (and, in wmany countries,

increased exports), yield trends have been disappointing. Only in Brazil,



Chile. Jamaica, and Venezuela did annual percentage yield increases exceed rates
of population growth. The ratio of crop and livestock output te agricultural
Tand actualiy declined in nine countries.

Other than a weak correlation between EXPGRO and YLDGRO, multicelilinaarity
is not a major prubﬁem in the data set. It is particularly interesting to note
that there is no strong linkage between YLDGRO and the dummy variabie indicating
the presence of a serious land constraint (NOLAND). The governments of
countries where that constraint holds have apparenily been siow i¢ encourage

formation of substitute assets in the agricultural sector.

Regressipn Results

Indices of crop production being unavailable for Belize, that country had
to be deleted from the sample used in the regression analysis. With data for
the remaining twenty-three countries (Table 3), ordinary 1least squares
estimation yielded the following results:

AGLNDGRD = 0.463 + 0.249 POPGRO + 0.031 EXPGRD

(0,161)  {0.066) (D.014}

(2.876) {3.773) (2.214} 5
- 0.198 YLDGRD - 0.641 NOLAND
(0.033} {0.205)
(-6.000) (-3.127)

ADJ R® = 0.665 DW = 2.065 SSR = 3.489 F=12.0908

For ﬁ cross-sectional study, an adjusted R® of 67 percent is very good,
particularly since aggregate national-level data for a heterogeneous group of
countries have been used. Dummy variables for war, inclement weather, inflatien
risks, and the 1ike could have been introduced. But to maintain a sharp focus
an Jinkages between frdntier expansion and agricuitural development, this was

not done. That the F-statistic exceeds 8.290 -- which i5 the minimum value for
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rejecting the hypothesis that there is no Tinear re1atiunsh{p between AGLHDGRD
and the four independent varizbles (99 confidence interval) -- reenforces the
conclusion that this paper’s simple model is a satisfactory framework for
analyzing encroachment on tropicel forests and other natural environments in
Latin America.

The signs of all parameter estimates are consistent with what one expects.
The twe rows of figures under the regression coefficiants are standard errors
and .t-statistics, raspactively. Using a two-tail test and a 99 percent
confidence interval, one rejects the null hypothesis for the coefficients of
POPGRO, YLDGRO, and NOLAND. At a 95 percent confidence interval, the null
hypothesis is rejected for EXPGRO’s cuefficienf as well.

Interpretation of the coefficients is straightforward. In a country where
natural coenditions do not faver frontier expansion {i.e., where the value of the
dummy varizbie, NOLAND, is 1 instead of 0), the annuzl increase in cruh Tand and
pasture is expected to be 0.641 percentagé points Tower than would be the case
if soils that lend themselves to crop or Tivestock production were "unoccupied.”
Of more direct relevance to the focus of this paper is that 2 Z percent increase
in yields offsets nearly four-fifths of the frontier expansion otherwise induced
by I percent populatien growth. Alternatively, the same ? percent yield

increase can compensate for 6xZ percent growth in agricultural exports.

How to Contain Agricultura] Colonization

[f shifts in agriculture’s extensive margin were driven exclusively by
increasing or decreasing demands for agriculiural commodities, the prespects
for containing frontier expansion in Latin America would be very bleak indeed.

Throughout the region, populations are overwhelmingly young. MWith numbers of

11



women capable of bearing children expected to rise for many more years,

continued popuiation growth is inevitable, even with the decline in f;rti1ity
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[IBRDY. As the number of people demanding to be fed increases, pressure on
natural rescurce inputs to agricultural productian will mount.

Unfortunately, this scenario is being played out in many parts of the
Western Hemisphere. Consider, for example, the case of Ecuador, which is the
mest crowded country in South America.

As reported in Table 3, Ecuador’s population has been growing by neariy
3 percent a year and, between 1983 and 1988, annual increases 1n_agricu1tura1
axports amounted to 11.4 percenat. The latter rate was exceeded only in Chile
znd Mexico. Unfortunately, demand growth has not been matched by productivity
increases in Ecuadorian agricu1tﬂre. Indeed, yields actuzliy declined between
1982 and 1987. \Under these circumstances, dedicating more land to crop and
Tivestock production has proven te be essential. At 2.0 percent per annum,
Ecuador had the secend highest rate of frantier expansion in Latin America
betwean 1982 and 1987. Surinam’s rate (3.2 percent a year) was higher only
hecause its initial base of c¢rop land and pasture was tiny.

Unlike E1 Salvador, Nicaragua, and a few other nations, Ecuador cannot
pin the blame for stagnating productivity on civil conflici. Disappesinting
yield trends were instead a.consequence of 1imited inrvestment in non-land
assets. In particular, the scientific base underpinning crop and Tivesiock
production is weak in the country.

As Whitaker {1990) peoints out, research and extensicn networks are highly
fractured in Ecuador. Separate entities created for agricuiture, ferestry, and

other sectors of the rural economy do not cooperate on basic scientific
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research. Similarly, coordination among narfuw]y focused divisions of the
extension service is limited. In addition, funding is meager. Real spending
on agricultural research, for example, deﬁ]ined 7.3 percent a year from 1975
through 1988, Having fa]1eﬁ to 0.17 percent of agricultural GDP, research
expenditures compare poorly with spending by neighboring countriesz (Whitaker).

~ Given the state of Ecuadﬂfian agriculture’s scientific base, yields are
low in the country. This means that growing demards for crops and livestock
have to be met by bringing more land, which is usually of marginal guality, into
production., Two-thirds of the increased crop proﬂuctiun occurring in Ecuador
between the middle 1960s and the middle 1980s, for example, were accounted for
by frontier expansion. Improved productivity explained only the remaining third
{Whitaker and Alzamocra).

Contrasting with what has taken place in Ecuador is the recent performance
of Chile’s agricultural economy. If yields had not risen in the latter country
during the 1980s, 17.5 percent annual growth in agricultural exports combined
with 1.7 percent annual population growth would have induced frontier expansion
exceeding 1.0 percent 2 year. But because yield increases were also impressive,
agriculiure’s extensive margin remained stable. _

Chilean agriculture has become more productive because application of a
full range of non-land inputs has grown more intense. Farming has become mare
mechanized and investments in irrigation have been made. In addition, use of
chemical inputs has increased. Between 1985 and 1988, for example, nitrogen,
| phosphate, and potash imports rose 154 percent, 120 percent, and 355 percent,
respectively, in real terms. Since agricultural research and extension are
streng in Chile, yield increases have also been achieved through wider use of

improved varieties and cultivars {Arensberg et al.).
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In 1liakt of the possible impacts of mechanization, irrigatien, and
chemical use on so6il and water guality, the last source of productiviiy growth
desarves special atisntion. Indeed, it is possibie ihat fnvestment in the
scientific base underpinning crep and livestock production can aliaw Latin
America to satisfy growing dgmands for agricultural commodities without frontier
expansion or deterioration of renewazble natural resources within agriculture’s
extenzive margin.

This pessibility is illustrated by recent initiatives of the Brazilian
Corporation for Agricultural Research (EMBRAPA). At EMBRAPA’s National Soil
Biolcgy Research Center, scientists have isolated nitrogen-fixing bacteria for
a numbayr of crops grown in hot and acidic soi]s._ Most Brazilian soybean farmers
now plant seeds inoculated with those bacteria. As a result, high soybean
yields are maintained and annual expenditures on fertilizer have been reduced
by about $1 billion {Mangurian).

Another initigtive has to do with biological pest contrel. Scientists at
EMBRAPA’s Naticmal Soybean Research Center have isolated a wirus that kills the
velvet bean caterpiilar. Applying that virus to z soybean field costs 75
percent less than spraying pesticides. In addition, toxic chemicals are not

released into the envircnment (Mangurian}.

Imptications for (enservation Strategies

~ Some economists attempting to explain the loss of natural habitats in the
developing world fall into & habit of analysis that is nearly as old as the
discipline itself. Like those who advocate acreage controls to reduce
agriculiural commodity surpluses in the United States, they underestimate the

degree to which land and other inputs to the production ef crops and livestock
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are interchangeable. If the option of substitution is ignored, then the
predictions of a simple Ricardian model of the agricultural economy hold. That
is, frnntier.expansinn is the only passible response to market or demographic
"shocks.”

Te be sure, formation of non-lard assets should reflect an agricultural
economy’s factor endowments {Hayami énd Ruttzn). For example, investment in
yield-enhancing technology is not particularly urgent where land and other
natural resources are abundant. Unfortunately, investment of that type
continues to be marginal in many Latin American countries whers the prospects
for frontjer expansion are limited. Put znother way, agricultural under-
development and encroachment by farmers and ranchers on fragile environments go
hand in hand in the region.

In part, enhancing agricultural productivity requires governmental
invaivement. For example, many of the products of research, technology
transfer, and education are "public goods." -Accordingly, pub1i§ spending on-
those activities is essential. However, policies that discourage farmers and
ranchers from adopting productivity-enhancing measures also need to be reformed.
Obviously, yields are bound to be low in any country where food price controls
and currency distortions discourage production for domestic and international
markets. |

Increased productivity is not a panacea for all environtental problems
arising in the agricultural sector. As indicated by the Chilean experience (see
preceding sectign), one way ito reduce farmers’ encroachment on natural habitats
1s to increase fertiiizer and pesticide applications on existing crop land.
However, this can amount to solving one environmental problem by exacerbating

anothar, Fortunately, there is an alternative. Investing in research,
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sxtension. and edocation aflows for crop and livesteck yields te increase
withaut adverse impacts on renewable natural resources.

Finally, development of the technology needed Tor an environmeniaiiy Soid
response to mounting demands for agricultural commodities will not be enough to
save Latin America’s natural habitats. A re-grdering of pruperty rights is also
necessary. Vast stretches of the region’s tropical forests remain, in effect,
open access resources in which individuals can secure property rights by
removing natural vegetation {Mahar; Southgate et al.}. As 1nng.as this tenurial

regime remains in place, continued deferestation is inevitable.
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