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Introduction

Land Use and Deforestation in the Amazon

Charles H.Wood

Dramatic images of the Amazonian rain forest in flames have become
etched in the minds of people throughout the world, even among those
who otherwise know little about the Amazon and probably less about
Latin America. By virtue of their power to simplify a complex story,
alarming scenes of burning trees and charred landscapes are readily in-
voked by concerned citizens and scientists in venues that range from grade
school classrooms to the bargaining tables of international organizations.
So pervasive is the perceived threat that it is easy to forget that the defor-
estation alarro was sounded rather recently and that, despite all of the
attention it has received in the meantime, the socioeconomic causes and
the environmental consequences of deforestation are as yet only partially
understood.

How Deforestation Became a “Problem™

As late as 1982 the National Research Council in the United States pub-
lished an influential book called Ecological Aspects of Development in the
Humid Tropics (INRC 1982) that showed little concern over deforestation
in the Amazon {cited in Moran 1996). In retrospect this lack of concern
was hardly surprising since, until the mid-1970s, the amonnt of land that
had been deforested in the region was small and mostly limited to the
sotithern rim of the basin. The concern about deforestation that existed in
the late 1970s focused mainly on the Asian and African tropics, which by
then had suffered decades of destruction that started soon after World War
I1.

The attention given to South America, and to Brazil in particular,
picked up in the 1980s as a result of apparently disparate events. When a
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German scientist described the Amazon as the “lungs of the world,” the
compelling analogy, though scientifically invalid, was effective in bringing
home the idea that far-off happenings had implications for all of us, per-
haps cven threatening our very capacity to breathe (Moran 1996, 157~
59). More sober analyses of the atmosphere showed that, because the
Amazon recycles 50 percent of its precipitation through evaporation and
evapotranspiration (Salati 1985), the basin is thought to have important
consequences for stabilizing global climate and correcting for the pollut-
ants generated Dy the industrial world. At about the same time, Norman
Myers (1984), in his widely read book The Primary Source: Tropical For-
ests and Qur Future, assembled a plethora of data to support his argument
that humankind was headed down a thoughtless and potentially danger-
ous path when it allowed deforestation to destroy as-yet undiscovered
medicinal plants and pest-resistant genetic materials.

Others, mainly in the social sciences, focused on the centrally planned
development projects that were aggressively promoted in the 1970s hy

PBrazil’s military regime. By stimulating land conflicts and violent confron-

tations over timber and gold, the road construction and colonization

schemes visited devastating effects on vulnerable indigenous and peasant
populations (Moran 1981; Schmink and Wood 1984). By the late 1980s,
the concerns emanating from the natural and the social sciences converged,
not only with the growing worldwide attention to “the environment,” but
also with the actions of a host of newly formed nongovernmental organi-
zations (NGOs} whose persistent advocacy, and often ourrageous antics,
made it virtually impossible for politics to continue on a “husiness as
usual” basis.

In 1992, rather than buck the trend, Brazil opted to host the United
Nations Conference on Environment and Development, The Earch Sum-
mit, as it is commonly known, was the largest gathering of heads of srare
in history {approximately 100), and was distinguished by its inclusiveness.
Around 1,000 NGOs were officially registered (one-third of them from
developing countries), and close to 35,000 people attended, including
8,000 journalists from 111 nations (Preston 1994). Following on the heels
of the Soviet collapse and the declinc of bipolar confrontations betwecen
the superpowers, the conference advanced a notion of global security that
gave less emphasis to military strategy and more to the world’s environ-
ment and economy.

The degree to which the tenor of the discussions in the 1990s departed
from previous decades can be readily appreciated by recalling the 1972
Unijted Nations Conference on the Human Environment, held in Stock-
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_5:,:. During that contentious encounter, developing countries rejected
n_._<:.s_::_..r.:n& concerns as lictle more than a _.:m:n_ﬂgzm p:xq\:,hicﬂ_a M n._ﬁ
_H_m_._mi by rich countries bent un keeping the Third World in m,? _,:,Em Iﬁ”ﬂ
ing a page from the history of the industrialized countries T_Z‘:Mm g .. [ _
aiom.ﬁ:mm argued that pollution was a nccessary step .,:o,:,m. nrmp. : J:.p
economic growth. To claim otherwise, chey nc:.ﬁngmm_ Sjw to _3“., "
poor nations to perpetual poverty.' \ P
| Today, fundamental differences continue to divide North and South
Nonetheless, there is a recognition on all sides that environmental { ‘
F:ﬁ.'érmﬁrmn at the local, national, or global level—must be P_M, MM: u_
maonitored, and understood. Equally :d?.:,?:: is the greater ap :H_\_ ion
of ﬁrn moﬁd@_nx:w of the cnvironmental issues we face ;:m_w._.u ar_,:w_::
_..wm:u.mﬁ:_u: that the rigid boundaries that separate the u:.\:_.:.w_ M_._MMa:_E
_,,._:nE_ sciences have rendered both ill suited to address :,.m,%ﬁ.wnn._,_ :cﬂ,..
of :,F.., emerging environmental agenda. These days there F :pﬂ_n 1 Qm,,.
that, in addition to the perennial call for more amﬂm“ there is ~ ni:r;_w cr._ H
£o m?ﬁ._cv :A.__w. interdisciplinary strategies for analvzing L:. Sﬁn_.p%_ﬁ,rp f
socioeconomic and biophysical factors that drive :,_,.n ?,rCncﬁ f ,w J ,
mental change. o
_ /x\:_.u ﬁrcﬂ,..o priorities in mind, the Center for Latin American Studies at
the University of Florida devoted its 48th annual conference to the © _u
terns and Processes of Land Use and Forest Change in the Amazon.™ l_lww
event featured a keynote address by Dr. Carlos Zﬂwv_.w iw_.mmm,_x_ N:_.z: .
Nacional r_n Pesquisas Espaciais, and thirty vﬁmmmzﬂmﬂ_mozm by _.mfw.ﬂ,_.nrﬂﬂ
and practitioners representing, different countries as well as ,_ s«,ma..m I "
owq disciplines. The goal of the confercnce was to promote u.ne:ﬁ_.r ﬂhﬂrn
n_._m_om:n among specialists who interpret sacellite images ﬁnmmmmn_”_m_.hﬂaﬁﬁ
mc,n,:m on the processes that drive resource use an?arm, ,n:a mn_:L\:,.m .:h
activists engaged in community mapping efforrs. This i.::,_:n :wn,_:,ﬁ_nﬁ,
wm_mnﬁi essays from thar conference as well as contributions speci: ,,.
written for this publication. opeasy
To set n_.._n stage for the chapters that follow, in the next section we
present estimates of the magnitude of deforestation in E.Q:, and w -
how the rate of deforestation has fluctuated over time. We ,ﬂmc:, Mn. ,v.._o(w
Mo:.nmnq:.,: ?w::.éc_,w that uses a threc-tiered hierarchical mﬁﬁﬂo.“_“:ﬂ;
lepict the socioeconomic and biophysical drivers that lead o Q.mmp_ﬂaﬂ.m
tion. By conceprualizing the factors operating at the micro, meso : ﬂL :
macro scales, .ﬁrn framework serves to organize a review of ﬁ_wn :_Mn% M:. :
on the determinants of land usc and land cover change in the Ama; . .:F_
to conceptually position the studies included here. ) e
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The Magnitude of Deforestation in the Amazon

The Amazon basin is a vast area of approximately 6,600,000 square kilo-
meters that includes fand in Brazil, Colombia, Ecuador, Peru, Bolivia, and
Venezuela. Although forest clearing is happening n all of these places.
most deforestation has occurred, and continues 1o take place, in Brazil, the
country that also produces the most accurate information on land cover
change in the region. Estimates of the magnitude of deforestation in the
Amazon are routinely generated by Brazil’s Insttuto Nacional de Pes-
quisas Espaciais (INPE) using, data provided by orbiting satellites,” De-
spite debates among specialists concerning technical aspects of measuring
deforestation from satellite images, the INPE data provide a good idea of
how much land has been cleared and of the variation i the rate of defor-
estation from one year to the next.’

In the ten years berween 1988 and 1993, deforestation in the Brazitian
Amazon averaged around 15,000 square kilometers per year.' Troubling
15 this observation may be, the average figure for the decade disguises the
fact that the annual rate has been twice as high. The data in figure | show
that the amount of land cleared ranged from a low of 11,130 square kilo-
imeters in 1990-91 to a high of 29,059 in 1994-95.°

The rates for the region as a whole also disguise marked differences in
the spatial distribution of deforestation. Rather than being randomly dis-
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Fig. 1. Area deforested in the Brazilian Legal Amazon, by year (1988-98). Sonrce:
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Map 1. Spatial representation of deforestation

the Brazilian Amazon

persed across the basin, land clearing mainly coincided wich the agri-
cultural frontier as it advanced nerthward through the states of Para
Tocantins, Mato Grosso, Rondénia, and Acre. As farmiers and Sznrmﬁm
clear the forest cover to make way for agriculture and cartle ranching, the
movement of peopie into the lower rim of the basin has left its mark on the
_m:%nﬁgm in the torm of the crescent-shaped “arc of deforestation”™ shown
in map 1.

As in the case of Bolivia {see Kaimowitz et al., chap. 1 in this volume)
forests are more likely to be cleared when they are close to roads in Urvﬁ”
cal distance and in terms of traveling time. Moreover, the effecrs of :x,ua
and environmental conditions often interact such that roads induce
greater forest clearing in areas with good soils. The heavy linc of defores-
tation that cuts across the stare of Pard in map 1 isa n_mm_mmz&nmmo: of the
effect of the Transamazon Highway on deforestation in Brazil,

Table 1 offers more precise estimates of the spatial concentration of
.n_lo_.mmﬁmac: in the frontier states, In the decade 1988-98, approximately
174,000 squarce kilometers were deforested in the region. Most of it taok
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Tablc 1. Total area of deforestation, 1988-98, by state

State Total km® deforeseed by
April 1988 Aupusc 1998 1985438

Acre 4,900 14,714 3,814
Armupa 800 1.962 1,162
Amazonas 19,700 28,860 9,166
Maranhio 9{3, 800 100,590 9790
Mate Grosso 71,500 131,808 60,308
Para 131,500 188,372 36,872
Rondania 30,000 53,275 23275
Roraima 2,700 S 3,091
Tocanimns 21,600 26,404 4 104
Total 377,500 551,782 174,282

Sonrce: INPE AT:v“__._ra;.a?_.:vn_75;3r,::mQ,n_zlm,.,c_::m?:;E@m|_c.cr:v; REA TN

place in the state of Mato Grosso (around 60,000 square kilometers),
followed by Pard {57,000 square kilometers) and Rondonia (23,000
square kilometers). The magnitude of deforestation was much lower in
Amapé, Amazonas, and Roraima—states that werc more distant from the
agricultural frontier.

Whercas early treatments of deforestation often stressed a single causal
factor, such as the effect of population growth, today it is increasingly
understood that an array of variables accounts for the scope, pace, and
pattern of land use and land cover change. Environment, history, cconom-
ics, politics, and demography are thoroughly implicated, as are exchange
rates, currency inflation, legal insttutions, road construction, coloniza-
tion schemes, tax laws, financial markets, commodity prices, and tenure
security, to name only the more salient variables noted in the literature. it
is also recognized that the biophysical context—defined by such variables
as soil quality, water availability, temperature range, and the presence of
pests and pathogens—mediates the way that socioeconomic drivers play
themselves out in a particular location. The image that emerges from these
considerations is that of a complex web of interrelations that are prone o
lag effects and emergent propertics, and that are characterized by nonlin-
gar processes OCcurring at different spatial and temporal evels to produce
a dynamic system that is far from an equilibrium state.

The daunting complexity of the image underscores the critical need to
develop a conceptual framework capable of organizing {apparently} dis-
parate observations and processes into a more coherent picture of the
causes and the consequences of land use change and deforestation. To
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advance this objective, the section that follows makes use of 2 hierarchical
approach to conceptualize the various levels of the social and natural sys-
tems that are relevant o the study of the land use decisions made by m_.:wa
and households in rural areas. To develop this framewaork, we join :Sﬁ_:r
m_.wéw.m,:.uﬂ the Ew&.m_ and natural sciences to basic concepts taken m“.c_:
?m?:&d., theory™ in ecotogy (see Allen and Starr 1983; Ahl and Allen
1996; Gibson, Ostrom, and Ahn 1998),
Although not a testable theory in its own rig : s utility
be assessed in terms of its nm?nﬁw«.m:nmm Mm a WM_MWM_” Hnﬁ__”ﬂw_gw_ m :.:._5 d
55¢ as ¢ ata collection and
analysis, its ability to generate hypotheses that can be subjected to empiri-
cal test, and its capacity to organize existing information into a nc.rn::.:ﬁ
,::m_namﬂm:n::m of how global, regional, and local events are related. To
illustrare its applicability, we will use the framework to review the lites
ture on land wse and environmental change in the Amazon, and to show
how each of the chapters presented here contributes to an overall :,_:_m_..
standing of deforestation in the region.

Conceptualizing the Determinants of Land Use
and Environmental Change

The proposed three-tiered hicrarchical approach treats land cover out-
comes as the direct effect of the land usc decisions made by rural house-
holds and by firms whose decisions are embedded in contexts that c_#%“:n
at Em_un_. levels of the system. The higher-level contexts consist of m_:,
proximate, intermediate, and distant drivers that comprise the socioeco-
nomic and biophysical subsystems. The analytical focus is on the relation-
ships that take place within cach level, as well as the cross-level dynamics
that link one level to another, T

Elements of the Framework

Figure 2 presents the main elements of the proposed conceptual frame-
work. The model draws a broad distinction between two classes of vari-
mv_mmlrnrm “socioeconomic drivers,” shown in the upper portion Om,:#,
diagram, and the “biophysical drivers,” shown in the lower portion. To
conceptualize the hierarchy of driving forces within each domain .H_gm
framework further distinguishes between the “Proximate,” ,,__:m_.:,,_m%[
ate,” and “Distant” scales.® At the heart of the model is _H_#. simple as-:
sumption that the land use decisions made by firms and households in ﬂ_.,_m |
countryside can be seen as the net result of a complex interplay cm,m large
number of variables that operate both dircctly and indirectly at various
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levels within the social and natural system. The box labeled “Land Use/
Land Cover Outcomes” is therefore positioned to the right of the figure in

order to convey the idea that deforestation, as well as other forms of land Distant SocioFeonomic Drivers
cover change, are the direct result of decisions made by farming house- (Global level)
tholds and commercial firms. o Inemational regimes » Trade policies
¢ Exchange rates = Extemal tebt
Land Use/Land Cover Outcomes " Commodity prves » Warld markels
Each land use/land cover outcome 1s associated with different kinds of intermediate Sacio-Economic Drivers

{NationaliRegional Tevel)

economic activity, and therefore with different social groups. Rubber tap-
pers, farmers, ranchers, and loggers all engage in clearing the forest cover, tiun growth o Fiscal inecntives
_u T_ Q . . nw ﬁ_ L _..— . B ﬂ " . .m.,awq_::h:a_._ policics P ;

ut they do so in varying degrees depending on their respective objectives, - T laws regionat markets
resources, and decisions. The box farthest to the right in figure 2 lists the
main land usefland cover outcomes that are the direct result of the re-
source allocation decisions made by rural households and firms. The out-
comes can be arranged more or less n order of intensity with respect to
deforestation, ranging from undisturbed forest to the clear-cutting assoct-
ated with agriculture and cattle ranching.” A discussion of each land use/
land cover outcome illustrates the social and biophysical drivers that lead

Proximate Socio-Economic Drivers
(Loeal levely

7 O
Land-Use / Land-Cowver

Ouleames

+ Transportation

= Lol politics

= Avcess fo nRa,:

o Undisturbed lorest

Kinshi rorks '
hip networks & llarvested of non-

: _ timber products
to deforestation and environmental change. ORI tand . J.&R___wq_ . ”‘: !
Kesource allocatiun Llse . gnmﬁ& :wa a

- apnual crops
- perennial crops
- pasture
- mining
o Regrowth
- managed fallow

/ - abandoaed plols

Undisturbed Forest

Cammunity networks

In studies of land cover change in the Amazon, such as those based on
satellite images, evidence of disturbance is usually measured against “un-
disturbed forest,” or what is sometimes referred to as “primary forest.”
While such designations have a prima facic appeal, the terms are poten-
tially misleading when the temporal scale stretches to several centuries.
Contrary to prevailing notions of a pristine Amazoman environment,
much of the region’s forest has felt the influence of foragers and farmers
for a considerable length of time (Dencvan 1992; Turner and Burzer
1992). Indeed, estimates of human populations in the Amazon around
1500 range from one millien to six million. Figures of this magnitude
suggest that it is possible that the overall clearcd area at that time may
have come close to that observed in 1990, and thar forest fires in the region
may have been as common then as they are at present, albeit more dis-
bursed and on a smatler scale {Smith et al. 1995, 13}

Praximate Bio-physical Drivers

dseapeasin level)

+ Topupraphy
* Alutude
* Pre

+ Waler lahle

Distant Bio-physical Drivers
13 ubal levely

« (lobal climate
+ Atmospheric cheonistry

Extraction of Nontimber Products Fig. 2. Soci

z. 2. Socioeconomic and biophysical dri :
. . . . . : ivers of lan ;o - Al .
Long-time residents of the Amazon obtain a wide range of foods, medi- d usc and environmental change

cines, and building materials from the forest, including Brazil nuts and
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rubber. The extraction of nontimber forest products, for example, Jargely
describes the sustenance acrivities carried out by indigenous populations,
as well as by rubber tappers and Brazil-nut collectors. Noting the rela-
tively benign conseguences of this form of production, environmentalists

have claimed that the commercial extraction of nontimber forest products

can provide an important incentive to prevent deforestation. A widely

cited article by Peters, Gentry, and Mendelsohn {1989) argued that rev-
enues generated by forest products may be two to three times higher than
those resulting from forest conversion. Findings such as these provided the
rationale for initiatives to legally recognize “extractive reserves” as valid
forms of land tenure, and to establish the economic incentive to resist
deforestation by developing markets for nontimber forest products.”

Selective Logging

Next along the scale of land use intensity and environmental impact is the
selective extraction of logs. Because it appears to leave much of the forest
unaltered, selective logging was once regarded as relatively benign. Only
recently has the magnitude of the destruction become clearer. Becausc of
the construction of trails and log vyards, and because of the presence of
thick vines that are bound to neighboring trees, up fo twenty trees can be
knocked down or damaged for every individual that is harvested (Uhl and
Vieira 1989).

The destrucrive effects of selective logging are compounded by n-
creased susceptibility to fire. Dense forests are naturally resistant to burn-
ing because their dark, shady interiors maintain moisture in the soil and m
the dead leaves and twigs on the forest floor. But the firebreak function of
the forestis severely compromised when logging operations cut gaps i the
forest canopy and drying occurs.'? Nepstad and his colleagues {Nepstad et
al. 1999) cstimated that fires ignited on agricultural lands can penetrate
logged forests, killing 14 to 50 percent of the living hiomass. The resultis
a positive feedback between forest fires, future fire susceptibility, and fire
intensity that poses a significant threat to the region’s forests. Evidence
provided by Cochrane and colleagues {chap. 10 in this volume} shows that
fire affected 50 percent of the standing forest in two study regions in the
Brazilian Amazon. They conclude that the current fire regimes in the two
sites are capable of eradicanng the remaining forest in fess than fifteen

years.

Introduction | 1
Clearing for Agriculture and Pasture

Hrm small and mostly temporary clearings made by traditional Amaz
nian dwellers, like the roads and clearings made by loggers, stand in n_w o
contrast to the clear-cutting carried out by :msﬁ_w m_,.ls.....n_ settler , mHH.ﬁ
deforese rﬁmm.. areas of land for annual and/or perennial nﬂ,c § “_” Mams,
pastures to raisc cattle. Pasture comprises the primary form o%_w_mm ) » .,M
land use in the Amazon, growing from 42.3 to 50.1 million _dnnﬂ_“qu_ﬁw.
”,___.Mn”“ .wwm% Mnﬁ_ 1996 (IBGE 1990, 1998}, By 19946, the number “um mcn“-
mm?mq H_ﬂ .w_ been cleared for pastures was approximately nine times
ger than the area under annual and perennial crops (IBGE 1998). The
expaasion of pastures has been linked to growing urban demand fo . L :ﬂ
(Famnow 1998), new lines of credit (Toni 1999, and diseases .d_. on
cash crops that make cattle ranching a desirable Kéﬁ.dni ,f,., ,r:s_u:m
e s {Serrdo and
?_\_:nr of the deforestation that has taken place in the Amazon w.
carried out by middle- and large-scale ranchers who converted ,Hrn Mce%;_.”
cOver to pasture, often with the support of fiscal incentives from the Mm
_um_._m:m:ac_._nw for the Development of the Amazon ﬁmr:uyg. Fe. HHF ,,.AM_..
1993}, Yer small farmers were zlso implicated in the EEQ.“% A v
denced by the typical cycle of land usc. Small farmers E.E:dcw_.wmn_mnﬁ.‘
two to three hectares of land, which they then cultivate for as lon w x m.__
fertility remains high. In most areas soil fertility is Qct_mwmn_ Erﬁmv o
three years, requiring the clearing of more land. Since there are a roxt.
N\”Hm_% ,MMP,OOD small farmers in the region, these figures _::u,G QMHMHHM
GQMH Nu. itional 500,000 hectares of cleared land per year (Homma er al.
.mm%o_ﬁ ﬂrmwn generalizations, it has proven to be difficult to determi
E_Q.H precision the relative proportion of rotal deforestation thart ¢ HME
attributed to small farmers compared to ranchers, who qn:mawzrm_: qn.
larger landholdings and often benefit from mo«.mw::ﬂ;m_: m:%mm&nm Mr Mgﬁ
H_::. have attempted to answer this question come up with &:mw.w:ﬂ con.
clusions. m_m.,ﬁzman (1997 estimated that about 70 percent of Amaz i
deforestation can be attributed to large-scale ranchers. mm.j::ﬁ%%m%m:
115-20), on the other hand, presented a much lower estimate wh ._ ,
nomn_cmnﬁ_ that “it is likely that no more than 25 nmnnm:H,Om tot: _(m M: .
ration can be traced to subsidies for large-scale ranches.™ The w «m c_.w%-
Wﬂﬁm _QM %M.. M.:Tmaw effect is more or less consistent E:r the RMMMMHMJ_-
shed by Yokomizo {1989), who found that idize ~hi ects
mnnoczﬂm.m for 21 percent of the awmomnmnmac:M“WMMMWMMMH%“M v«ﬁ_g_mwﬂm
percent in Pard. The geographic variability is mm_ﬂ::ulw m_:n_;“w”mw_ 7<
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Walker, Moran, and Anselin (2000}, who noted that the relative propor-
tion of deforestation due to ranching varied from 100 percent in the mu-
nicipality of Santana do Araguaia to a mere § percent in the Altamira
region {both located in the state of Para).

Secondary Growth

Over time, a portion of the areas that were originaily cleared for pasture
or agricultural crops often converts to secondary forest {regrowth). The
transition from cleared land to secondary growth can occur either as the
outcome of a deliberate land management strategy that allows for a fallow
period, or as the result of the abandonment of pastures ot agricultural
plots. The area under secondary growth in the Amazon rose from 7.5 to
10.7 million hectares berween 1986 and 1992 {BSRSI 2000), mostly in
older settlements, but increasingly in frontier areas as well {Perz 2000).
Secondary forests in the Amazon provide important environmental ser-
vices, including the recuperation of nutrients and humidity in the soil (Jipp
et al. 1998), protection against erosion {de Rouw 1995), and the seques-
tration of atmospheric carbon {(Houghton et al. 2000).

Feedback Effects

To one degree or another, each of the various land cover outcomes has
feedback effects to the biophysical and socioeconomic domains. These
effects are depicted by the return arrows in figure 2. The varying thickness
is intended to capture the idea that the feedbacks are most intensively
manifested at the local/regional level and become progressively weaker at
the national and global scales.

The feedback arrows noted in the upper portion of the figure refer to
the effects that land cover outcomes at the local level can have on the
intermediate and distant sociceconomic drivers. One example was the
high rate of deforestanon caused by cattle ranchers who benefited from
fiscal incentives. The growing awareness of this land cover outcome, both
in Brazil and internationally, led to mounting criticism that prompted the
government to withdraw the incentive programs that were thought to
promote deforestation. More generally, public concern over the observed
high rates of deforestation in the Amazon was one of the factors that
stimulated an intense international outcry. The latter partly accounts for
Brazil’s decision to host the Earth Summit in 1992, and to introduce new
policies and legislation designed to reduce deforestation in the Amazon.

For a very different example of a feedback effect to the socioeconomic
domain, we can point to the rather sudden political importance that was
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given to the low rates of deforestation characteristic of social groups such
as E.cvmn tappers, who survive by harvesting nontimber forest products
By virtue of their active opposition to forest clearing, rubber tappers :.h
Acre became known worldwide. Under the initial leadership of Chico
zw:n._nm_.n_am% were able to enlist the support of NGOs and environmental
activists in the developed world to enhance cheir ability to preserve ﬂrm.?
Mq»% of :,mm. The result was a change in Brazilian law z._w:” now recognizes

extractive reserves” as a legitimate form of land tenure (Schmink and
Wood 1992}, What these examples illustrate is how variations in land
cover Ocﬂn.c:,_mm|ﬂrmﬂ is, high deforestation in the case of ranchers, low
deforestation in the case of rubber tappers—can initiate _.nmﬁoza.m,n, that
m_ﬂm.H. the intermediate and distant drivers within the moacmnm:o?hn a.w-
main.

, The literature on feedback effects is more advanced with respect to the
_u._ovgqmﬁ.,: consequences of land cover change. At the local level, atten-
tion has focused on the reduced biodiversity caused by habirat n_mnm_..w._n:::
mdm landscape fragmentation associated with deforestation Amrw.__nr and
dS__mon 1991; Ehrlich and Ehrlich 1981; Wilson and Peter 1988) Ummon_.w..,.-
tation can also affect the regional environment by increasing Q‘..”,bmmc: w_._,n“
m.:n::m flooding patterns. More recently, studies have focused on the pos-
sible effects of deforestation on global climate change by altering mw:,M_uw..m
and latent heat flux, planetary aibedo, and surface no:m‘::nwm at the plan-
etary boundary laver (Shukla, Nobre, and Sellers ._mmm:. The v:q:m”m of
biomass in the tropics also results in the release of radiatively important
nml,,c: trace gases that contribute to the so-called “greenhouse™ mmmn,nﬂ
d.QT__m these observations hardly constitute a comprehensive review of ﬁrm
m_wwmv_n literature on this topic, the examples nonetheless illustrate the
main ﬁc::_ o,.m this discussion~~namely that variations in land cover out-

comes can _n._:mﬁn responses that alter the intermediate and distant drivers
within the biophysical domain. ,
Zo_..m complex relationships emerge when the feedback effects within
the socioeconomic and the biophysical domains interact with one another.
An example can be taken from Nepstad’s research on “surface fires.” _:.
contrast to the intense blazes deliberately set to burn trees felled to ..um.:.
land, E.i:ﬂm:&o:m_ low-intensity surface fires escape into the forest ::n_m._..
story {Cochrane et al., chap. 10 in this volume). Surface fires nmrfm advan-
tage of drier areas within the forest caused by the greater _u.m:nﬁn:o:, of
sunlight into areas where loggers built trails and where they mxﬁmnnm.n_
irces. Surface fires increase the subsequent flammability of nrmx landscape
especially during drv years associared with the El Nifio Southern O,mnm_qmu
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tion (ENSO). During the 1997-98 ENSO episode, approximately 15,000
square kilometers of standing forest were burned m the northern Amazo-
nian state of Roraima (Nepstad et al. 1999}, intensifying the national and
‘nternational concern about logging activities and deforestation i the re-
gion. These relationships show how human-induced changes carried out
ar the local level can interact with intermediare and global patterns in
ways thatJead to biophysical and socioccononic outcomes that cannot be

explained in isolation of cach other.

Resource Allocation Decisions by Houscholds and Firms

Understanding the factors that produce the ohserved land use/land cover
changes requires that we move backward in the causal chain to address the
resource allocation decisions that take place within households and firms.
Households and firms are positioned at the center of the framework,
wedged, as it were, between the socioeconomic context on the one hand,
and the biophysical context on the other. This depiction is intended to
capture the idea that firms and households determine how to allocate the
resources at their disposal by engaging in a complex decision process that
takes into account {however imperfectly) the opportunities and con-
straints, and the incentives and disincentives, presentcd to them by the
proximate socioeconomic and biophysical drivers.

The findings presented by Brondizio and his colleagues in chapter §
show how land use decisions are influenced by temporal and spatial as-
pects of farm familics, as well as by the biophysical characteristics of the
farm plot. McCracken and his coauthors (chap. 6} similarly note that the
changes in labor supply that occur over a family’s life cycle have a signifi-
cant effect on land use decisions. By drawing on the distinction between
“age, period, and cohort effects,” they provide a conceprual approach to
the household that clarifies the temporal changes in the interplay of inter-
nal and external factors that influence the choice of different farming sys-

tems as the household ages.

Community and Kinship Networks

Ip many instances, the influence of the proximate drivers is mediated by
kinship jnstitutions, community organizations, and other forms of collec-
cive social action at the local level. By placing the household/firm within
a larger box Jabeled “communiry and kinship networks,” figure 2 depiets
the idea that, rather than acting in isolation, landholders are embedded in
formal and informal networks at the toca! level that influence the way
resonrces are allocated. Formal means of community organizatien are

Introduction | 135

represented in producer cooperatives that enable farmers ro share storage
and transportation costs, and to obtain cheaper credit lines and other
advantages, including the purchase of basic supplies at lower cost and the
opportunity to avoid the onerous transaction rerms imposed by middle-
men, In addition to enhancing the profitabilicy of particular n:_..w::.i:._?
fand therefore mfluencing the choice of investments), one study of f:.:,_
_nw:.“dm% in Rondénia found that when a family partcipates in a n:c,ﬁn._wnf
tive, the probability of adopting sustainable agricultural technology in-
creases (Caviglia and Kaha n.d.). e
Informal methods of community cooperation are more common, such
as H_rc tradition in rural Brazil of labor sharing, called mutirdo _u,L:_: >
periods of peak labor demand-—when land must be cleared or é:n.: a S.CW
needs to be harvested—tamily, friends, and neighbors are recruited for the
task. ,_,r.o informal pooling effort, based on community and kinship net-
Ecu..r,,.: increases the quantty of labor available to the household, thus
n:mw_._:m, forms of land use that would be precluded if the _._o:mn_._:_n_,ﬁ.,_uc?
ated independently. In some cases peop ange |z - T8
such as milk, meat, or cven calves, >__HU_MMVHM,_ MHM_MHMM:_qmwwmﬂamﬂ_: ?_Cpr,:r?
se paj s donot always
H,mm.mnw the amount of work performed, by stimularing this form of frans-
:n:c_:_ some acuvities, such as ranching, can _.m&,_...:.:%:n capital and nc:,T
modities within a social group, thus enhancing the community’s liveli-
_::ﬁ. Customs and practices like these evidence a moral system c*.,::;:m_
.,ur:mm:c:m in which the better off assist those in need, H_mmm.m_d« maintain-
ing moQ_m_ life through functional relationships {Porro 20004, 1 w__,. .
Community networks and collective action serve to link rh:_mn._:xn? to
external institutions, often with implications for land use and land nchﬁ_.
change. The mohilization of peasant communities in the state of Para, for
nxm:.:umn_, was often instrumental in defending small farmers from H.::g
wxn_.h_uﬁ:mﬁ:..ﬁ by ranchers and speculators. The result perpetuated small
mm:.h.::m activities in areas that would otherwise have been converted en-
H_Hm_% 1o pasture (Schmink and Wood 1992). Collective actions in Maran-
hao similarly played a major role in struggles for the access to and nc.:mh.:“
over land and resources, and served to rearrange livelihood strategies after
the resolution of conflicts (Porro 20004, 28-30; chap. 12 in this ,d:_:_:nu_
By the same token, it was the absence of a collective ability ro ﬂ:‘cﬂnnh
themselves from expropriation that led many migrants to Pard to deforest
more tand than they could cconomically mxzo:. Knowing that they r‘r._,n_
_:ﬂ__n nrm:.nm of holding land for very long, deforestation became a means
o.m increasing the market value of land that was sold at the first opportu-
nity {Schmink and Wood 1992}, The process would be :r.vn,m:nm_ .r.:,. the
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agricultural frontier progressed, resulting in what came to be known as
the indiistria da posse (landclearng industry}.

Examples of collective action i the Amazon and elsewhere in the devel-
oping world have prompted a striking and somewhat ironic resurgence
in the attention paid to communiry. Whereas rural communities werc
once seen as an impediment to progressive social change, today they
have become the focal point for achieving conservation goals, meaningtul
social participation, and the devolution of political power. The profound
and widespread disenchanrment with the state and the market as agents
of cnvironmentally sound development strategies has compelled conser-
vationists, academics, NGOs, and paolicymakers alike to imbue com-
maupity with high promise. International agencies such as the World
Bank, the Worldwide Fund for Nature, Conservagion International, the
Nature Conservancy, the Ford Foundation, and the John 1. and Catherine
T. MacArthur Foundation have all “discovered community” (Agrawal
1997, 8).

The iclea that communities can be mobilized to achieve positive social
and environmental goals is the premisc of numerous initiatives, including
participatory approaches to resource management and land use planning.
The case studies presented by Viana and Freire (chap. 13} and Saragoussi
and colleagues (chap. 14) provide telling examples not only of the suc-
cesses that can be achieved using participatory methods, but also the chal-
lenges that confront the participatory approach to community-based con-
servation and planning efforts.

The potential significance of community networks for achieving posi-
tive development and conservation goals is the basis for the World Bank’s
Social Capital for Development program. Social capital refers to the insti-
tutions, relationships, networks, and norms that allow actors to mobilize
greater resources and achieve common goals."” The idea is present in Prin-
ciple 22 of the 1992 Rio Declaration on Enviromment and Development,
which states that “Indigenous people and their communities, and other
local communities, have a vital role in environmenta! management and
development because of their knowledge and traditional practices.” The

came notion is repeated in the 1994 Baguio Declaration, Philippines,
which argucs that “gtate-centric strategies have been marked by wide-
spread failure, in large part due to the lack of appropriate and fair involve-
ment by affected communities . . - (cited in Agrawal 1997, 10). The
importance of community nvolvement is similarly embodied in the term
“productive conservation,” which is based on the assumption that 2 sig-
nificant share of the responsibility for protecting the Amazon environ-
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Em-.: should be entrusted to those whose livelihoods depend on its
vation” (Hali 2000, 107}, T
While these lofty expectations have been greeted with skepticism (sce
>m_,m_s_ﬁ_ 1997, Krishna and Shrader 1999}, the newfound interest in co
munities and social capital is consistent with an assumption present in H_ﬁ“
proposed framework for analyzing the determinants cm.ammcnmﬁ,:. -
nm._dm_wn that kinship and community nerwaorks often mediate the ﬁm_.wm_ﬁ_:”
ship between _.:.:: households and the immediate contexts within “i:c:
they operate. Figure 2 represents these relationships by embedding th
M:Em,mrc_m\nc::d:::w within the proximate biophysical and m:n:mm- -
nomic &.:<mﬂm. This depiction is based on the _g<ncﬂ_._mwmw :Sﬂ.ﬁ_un :._.Qw ﬁ_r,cw
mna, ..“:m:én:mém present at the local level are those that have Hrn::“%w
decisive influence on resource use decisions made by rural landholders V.w
cne conceptually moves “outward,” from the vﬁ.ow::.,;m to the ::myd .
diate and distant drivers, the analytical trajectory progressivel m:nc:n-
passes successively higher levels of social organization, _m_ﬁmﬂwmwmmm. H“q,

eographic ¢ : i
geographic coverage, and longer temporal horizons with respect to the
processes at work. ™

Biophysical Drivers

Proximate Biophysical Drivers

The influence of the proximate biophysical drivers on land use decisions is
clearly evidenced in studies thar document smali-farmer responses to m ,
generally poor soils in the Amazon. With the exception om the rich mniu”
ments carried down from the geologically young Andes and deposited
along the floodplains (vdrzeas), most of the soils 1n the region a _.nﬁ_.: q_.__nh
weathered and not very fertile, Approximately 90 percent are phos r_, )
rous &mmnﬁ:ﬁ 73 percent suffer aluminum toxicity, and 50 voqwm.:ﬁ _m.d“”
low potassium reserves {Cochrane and Sanchez .._wmmu. When you _MQM
other afflictions such as poor drainage and erosion to the list, it Hv: _._,E,::H
that o:_w about 7 percent of the Amazonian soils lack major n_w:mz.im?, t
nomcw:.Ec:& agricultural productien {Hecht and Cockburn _wxm.o wﬂ ’
While there is considerable microlevel variation in quality ﬁrm. n_:,cE:
poor condition of Amazenian soils has had a profound nm?n,ﬁ on Mgn T,n ,“.
ing systems landholders have developed in the region. When an” ‘:,_,
mw:n& and burned there 1s a nurrient flush as elements rm_& in plant _“.“Mn
rials are released into the soil. The surge in fertility permits the nw_:ﬁmx L
of food crops such as rice and beans, but the gain in fertility is mrol-_,w mw
At the end of three to four ycars the soils are depleted to the point immwm
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other land use options are required. In most cases, fandholders seed the
arca with pasture grasses in order to raise caitle themselves, or rent pas-
tures to ranchers. It does not take long {between five and ten years) hefore
the soil nutrients decline to levels below those necessary for maintaining
pasture production. Shrubby weeds begin to invade, soil becomes com-
pacted, and productivity drops, promptng landholders to abandon de-
graded pastures and deforest new areas. Low soil fertility is therefore one
of the major factors that drives the evolution of the farming system from
food crops to pasture to fallow, and to a new round of deforestation.

The peasant production cycle described here is a generalization that
obscures significant regional vavations. Moreover, the cycle that leads to
deforestation can be offser by investing in perennial crops, by anplying
fertilizers, and by adopting proper pasturc management technologies.
While such strategies can be employed to good effect, the cost and knowl-
edge required to implement them are often lacking.

{n addition to soil fertility, proximate biophysical drivers include pre-
cipitation, geomorphology, and microclimate, as well as the presence of
pests and pathogens. The latter have had a profound impact on rura!l
production in the Amazom, as illustrated by the infamaous South American
leaf blight {Microcyclus ulei) that doomed attempts to establish commer-
cial rubber plantations {Smith et al. 1993, 122}. Other pathogens, such as
fusarium (Fusarium solani} and witches’ broom {Crinipellis perniciosal,
periodically destroy pepper and cocoa plantations, forcing landholders to
explore other options such as coffee, fruit trees, or, as is more often the
case, converting land to pasture for cattle ranching. The main pont ot
these examples is perhaps obvious—that the resource allocation decisions
made by landholders arc conditioned by the limits and opportunitics im-
posed by the local biophysical context within which households and firms
aperate.

The relationships between soil quality, forest succession, and land usc
decisions among small farmers in Amazonia ar¢ illustrated by Moran and
colleagues in chapter 7. Whereas many studies have noted that carly set-
tlers to a region are soon replaced by those who arrive later, Moran and his
coauthors show that the turnover rate is higher among those who farm
poorer soils. One conscquence of this relationship is that the tendency
toward land concentration occurs more rapidly in areas where the land 15
less fertile. These findings reveal some of the mechanisms by which a bio-

physical characteristic (in this case, soil quality) can haveumportant $OCHO-
economic outcomes {such as the concentration of landownership in the

region).
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Intermediate and Distant Biophysical Drivers

The influence of intermediate-scale biophysical drivers has been docu-
mented by geographers who have proposed a range of models to estimate
the best or most probable use of agricultural land based on climate, soils
mwa ropoegraphy in a number of regions of the world. The carly n».?w_“? 74
Clark {1967) and Revelle (1976) to estimate the areas of productive _,\w:.ﬂ
ona m“ovm_ scale have been the basis for region-specific ,ﬁc%mm of the T,uom
production. potential of land in the developing world {Linnemann et al
1979). Similar studies (Harrison 1983}, which incorporate varying _.r.<mh_”
of .ﬁ_.un_.:.:u_cm__nm_ inputs {for example, fertilizer, irrigation) nonn.ucnmn_ .Hr_._”
Laon America was using only 11 percent of its ﬁo.?._._im_:wW arable Jand ,
Z,o,n.w detailed case studies of the process of frontier mwwm:ﬁm:: in ﬂ.:m
wﬂ@ruz. Amazon show how regional landscapes influence E,: only the
choice of agricultural activities but also the sociocconomic n_e:mﬁm_,ﬂzn ;
of newly nm._..m_u:wrmm_ rural communities. The influence nxmleﬁm b .4_8, a ”
mﬂm.ﬂnjam of natural savanna that characterize the lower rim of _“rnvwfdmwcv:
rmm._: is 4 case in point. Savanna lands were especially attractive to newl
arrived cattle ranchers, who could establish pastures ?:ro:ﬂ incurrin , ﬂrM
expense of clearing the forest (Schmink and Wood 1992). During H_._W .
niod of heavy in-migration to the region in the 1970s n:.m ._mx%u m.:.UMH
scale cattle ranching and the associated concentration of F:ao«.f.a.qm.wmmm 3
came to dominate the savanna lands in the southern portion of the state owm
Parq, as well as in the northern regions of Tocantins and Mato O?wnm
Today, a new type of production has become increasingly evident m,_,ﬂ 1.:.,
mo_cn_,.m«: Amazon. In response to changes in international commodit
prices, landholders have turned to the coltivation of sovbeans——an .EH?:M
also weli m:wnm_.ﬂo the savanna. As in the case of the m.%.:m_. mx_dm:.mmc: of
cattle _‘m:,n_::pm into the savanna, the conversion to soybean cultivation in
these regions cannot be explained by referring only to the natural agricul-
H:nm_, noﬁnﬂz.ﬂ.—_ of the land, or solely to economically driven nra:ﬂmn in
relative prices. Instead, the geography of land usc/land cover 15 wmn,:nn
result of complex interactions between the proximate, ::w::mn_,mmﬂﬁ and

di ) o \ ,
stant drivers within both the biophysical and the socioeconomic do-
mains.

Socioeconomic Drivers

Proximate Socioeconomic Drivers

:-U: un\._..r_ .ﬁﬂﬂm—mw T\Lmﬂﬂﬁ— Y SUT r_ﬁv nwauﬂm. Om mh.w._ _.._..__ﬂmd —.—OEUO_.—C_QV rnw(—ﬁ n..._—.urzl
nen ﬂﬁ— 1 I ] " _ 5 F 1] -
t e .mw_r H_CHHTT"U —uvﬂ.—..e?ﬁ.m: Qm- Qrestation -“—zﬁ— a —._ﬁ. SE o_u SOCIOeCR
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perate at the tocal level. Models that include trans-

nomic variables that o
s to market promotes deforestation

portarion costs find that cheaper acces
{Ozorio de Almeida and Campari 1995). In their survey of a small-farmer
colonization site in the Amazon, Wood and Walker (2000} measured
transportarion Costs in terms of the distance between the farm sitc and the
main road and found a strong inverse relationship with the number of
hectares converted to pasture, the number of head of cattle, the probabil-
ity of using fertilizers, and the probability of investing in reforestation.
d simulations similarly found that a 20 percent reduction
gricultural products from the Amazon in-
{Cattaneo n.d.}). Other srudies showed
duced the tendency to deforest
age rate (Ozorio de Almeida

Computer-base
in transportation costs for all a
creased deforestation by 33 pereent
that increases in off-farm employment re
{Pichdn 1997}, as did mcreases in the local w
and Campari 1995). The availability of credit was associated with more
deforestation (Qzorio de Almeida and Campari 1995}, even after intro-
ducing statistical controls for other variables such as length of residence
and distance to the road {Wood and Walker 2000). In arcas where tenure
security is low, higher timber values increase the net benefit of land clear-
ing and hence encourage deforestation. Similarly, technological changes
that make agricultural lands more valuable promote forest cleanng
(Southgate 1990). More generally, the expansion of agriculture has been

attributed to the abundance of land and the scarcity of every other factor
¢ which are labor and capital. Under

d to maximize returns to scarce
intensive) land vse and

of production, the more impaortant o
such circumstances, producers are induce
jabor and capita! through extensive {rather than
the deforestation of larger areas (Kyle and Cunha 1992).

The survey-based results are generally consistent with hypotheses de-
rived from economic optimization models of household behavior. In most
cases, the approach treats the household or firm as an independent unit
that responds to externally imposed costs and prices. By managing the
landscape as they would any other resource, farmers are assumed o
«maximize their utility” in the face of exogenous and endogenous con-
straints. While this mode! arguably represents the most influential ap-
proach in analyses of land use in the Amazon, Browder (chap. 8 in this
volume) notes that land managers often base their decisions on subjective
“rilities” that do not necessarily derive from a strict economic calculus.
He advocates instcad a more pluralistic conceptrual approach that should
be tailored to what works bestn specific local circumstances, The nuances
sions are evident in Browder’s case studies of

involved in land use deci
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. . . )
; ._m__ mw:dnnm in Ronddnia and in the analysis by Pichén and others {chap
in this volume} of settlers in the Ecuadorian Amazon .
o B . . :
ther m_”:,m_mm focus less on the behavior of individual actors by paying
rmore : i I n
Emnm L:H:_:os o the broader socioeconomic and political changes that
HOWm:n:rﬂﬁ he profile of costs and benefits that landholders con front. Fac
o ch as these carry the analysis into the domain of demographic
IStOTY. Jroec IC ici o
: ,H,. ¥, macroeconomic polictes, and the state-sponsored development
imitiatives represented by the © I i .
¢ “Intermediate Socioe i ivers” 1
! 3 3¢ conomic SR
A 1ic Drivers™ in

Intermediate Socioeconomic Drivers

A good nx.,.:jic of a socioeconomic study cast at the intermediate level is
the analysis presented by Pacheco in chapter 2, which :.mn.mm _“_:W.E,ﬂc g ‘_”
events that :.gm._:m:nwa the rate of deforestation in Bolivia. Where :mn_
Emm:_ﬁ_:&m of torest clearing was relatively low compared Q.v that _:mm } .
countries, deforestation in Bolivia rose when the import mzpvmﬁ:cﬂ_,ﬁ.
growth mode! that once dominarted development policy mb.,,:w wayt :zo_u
recent n_m,_.w_on:,_m:ﬁ policies based on market :rﬁm__m.mz_mu: m:.Hme _Ww::u?
_:. Brazil, the contemporary movement of people into the VU:\MO M.ﬁ >
gan in the 1970s when the agricultural frontier moved inro the M_OZJ VF-
aﬁmﬁm..m of Pard, Tocantins, and Rondénia. Whereas carlier .Umioﬁ_m omﬁ,:
pansion were relatively spontaneous, in the 1970s the exploitation mvm
sertlement of the Amazon was aggressively promoted by the federal qmsﬁ
ernment, then in the hands of the Brazilian military, Development ,H _rcf
amm_mmwa to populate the region included credit and tax Enn::éw Mﬁwrw_“,,.
tract private capital to the region, the construction of the ,HH;_:S,EULH -
Highway, and the colonization of small farmers on :E-:man?_“.m _. :,
along _uw% sides of the new road (Fearnside 1986; Moran Gm,T mv oﬂ
1982). Sawmill owners benefited from similar :._nmh:_,ma mmn_ ned o e
mote Hr,n export of valued hardwoods {(Browder Gma.. Cr,_ mﬂ al p..wwwﬁ.._c-
The rationale for the various programs designed to nom:_mﬂn and .&m<n_cv.
,_.,rn Amazon was upheld on the grounds of national security and w 1@
_:,6_9:9..;9_ in a way that established a military presence in the re ..m :
that continued even after the transition to a democratic regime in _Mﬂms
Stephen Perz’s contribution to this volume {chap. 4) provides estim res
of the ﬂmmm::am of net migration into the Brazilian Amazon since __ mmuﬁmm.
_J ma,%ﬂcs to providing valuable measures of the size of the migranc f .
his :n&:mm.mm: into question those explanations of n_mmo:wmwﬁcs M_Hém
overemphasize the role played by migration to the fronatier. }::c:%d
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population growth is clearly implicated, his data show that deforestation
rates remained high even as migration slowed. He concludes that popula-
tion growth due to net migration does not automatically lead to defores-
tation.

Many of the small farmers and landless poor who migrated to the
and scuthern Brazil, where they had been

production and the switch
saving soybean cultiva-

Amazon came from central
displaced by the mechanization of agricultural
from labor-intensive coffee plantations to labor-
tion (Wood and Carvatho 1988)." Many more came from the poverty-
stricken and densely populated northeast, where most of the productive
soils were owned by a landed clite. In the meantime, well-financed inves-
rors took advantage of profitable tax and credit programs to convert huge
rracts of land to pasture, and to buy land to hold in investment portfolios
as a hedge against future infiation {Hecht and Cockburn 1989). Cattle
ranching alone benefited to the tune of over U.6.85 billion from 1971 to

1987. In the 1980s, the purchase of land in the Amazon was particularly
arned from the sale of one hectare in the
he Amazon (World Bank
he incentive to deforest

attractive given that the income €
south was enough to purchase fifteen hectaresint
1992, 12-13). Once the mvestment was made, t
because of Brazil’s L.and Stature, which levied a 3.5 percent tax
on lands that were classified as «ynused” (that is, forested).
Macroeconomic variables also appear to excrt a decisive role on the
rate of deforestation in the Amazon (see Fearnside 2000; Smeraldi 1996).
The dectine of deforestation in the late 1980s, for example, has been at-
tributed to the decp recession Brazil suffered at the end of the decade,
brought on by the country’s debt crisis, a growing fiscal deficir, and the
resulting inflationary spiral. Ranchers simply did not have the money t©
invest in clearing land to the extent that they did in the past, and state
back on highways and settlement projects. Brazil was
ment policies of the Internaticnal Mon-

was high

governments cut
forced to rely on emergency adjust
d the World Bank, which meant that subsidies to the agricul-
and many of the fiscal incentives that had
pled with an increase 1o the

ctary Fund an
rural sector were rolied back
stimulated deforestatrion were suspended. Cou
government’s capacity to enforce restrictions on deforestation, the eco-
nomic and policy changes are thought to be the main facrors that contrib-
ated to the decline in deforestation in the 1989-91 period (Smeraldi 1996,
30).

Explanations for the surge

MAacroeconomic reasoning, this
nonetary policy called the Plano Real. The policy reduced infla-

in deforestation in 1994-95 follow a similar
time pointing to implementation of a radi-

cally new
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tion from a st: ing
s om a w_xﬂmmm::w 2,500 percent a year to an annual rate of less rhan
. - ,
m_.Wm m,:ﬁ. e policy also boosred spending power, evidenced by the 30
.—m 3 THaq N T ;
%qm :_M increase in real income between 1993 and 1995 (IBGE 1997
2 “_., eople responded to monetary stability and higher incomes b .m ,
s o : . ) ) , ) | X X -
ing consumption and by investing in agriculraral activitics that _%L
greater deforestation (Smeraldi 1996). Evidently prosperity | " reople
spells trouble for the forest. ¥ prospenty for peopl
In recent vears i i i
o t years the domestic and international criticism of the high rate
eforesta i : i : .
of detor M_.CH.H in the Amazon prompted the federal government to take
S 1 ari 3 F A
tow ﬁ.nJc :Mﬁ_u:ém to slow the process of land clearing, Many of the
subsidized credit and fiscal incenti rancl
: and fiscs tive programs for cattie ranchi
withdrawn,' and th i , vy that could be lo
¢ : e proportion of land on a
dray a property that could be le-
_mu“_m deforested was reduced to 20 percent.”” Fines were imposed on _.r _ﬁ_
iy defo , educe , $ s and-
ers .::m.rﬂ in the act of burning forest without having, received tl
appropriate permission f h ili i . mviromment
prop perm rom the Brazilian Institute for the Environment
TCW S "CCh ;
" 1b M nmo.“__ﬂ:,, (IBAMA), a federal regulatory agency.”t Other
cies were designed to reduc For ion indirectly b ,
ce deforestation indirec j
/ st rectly by sup
rroups with inte i intain e
.mn ﬁﬁ , ith a vested interest in maintaining the forest. The concept Sﬂ
xtractive re 57 Was | : of | |
o ﬂﬁ € reserves _“S; introduced as a legal form of land tenure in an
attempt to recognize the tenure situati F :
uation of rubber tappers. Thi :
it 0 TecoRn: _ appers. This new form
as complemented by varion
_ 1 s programs to support cubl
tappers economically tf i or rubber, a main
y through price supports to -
appe s . r natural rubber, a mai
source of the tappers’ income. e @
These incenti rere ¢ ; i
. rhe _:Wr:ﬂcmm were complemented in the mid-1990s by the introduc
n of tec ically Istic . -
fon of t¢ ._S,MmFm:w sophisticated systems to monitor deforestation
ost significant new mechani > i e .
chanism was the “Surveillance Sys
s ot signitic w mechar s itlance System for
Amazo %m mﬁg,malwwq_ﬂm de Vigildncia da Amazonia, or SIVAM), Costing
; I 25.51.7 billion, SIVAM inv. 1 , ,
‘ olves a satellite and rad: rvel
'Y : adar surveillance
. anceg
etwo r. implemented in order to strengthen milirary defense of the r
1011, to 1mprove air traffic contr . .
MOH M mprove air rraffic control, and to enhance environmental protec-
1 by menitoering logging and burnings (Hall 2000).™

Distant Sociceconomic Drivers

MMNMM,”:M:.W Sﬂ at the global ._mSm_ suggest various ways that distant
i ,: :_u:,r,.m :mn:,:.._m_ events in Brazil. The end of the Cold War, deep-
iHcM_MHﬂwH”M”HM_EW_ﬂn:”; and the worldwide concern about J.Tn cn-
ol et o the werkd syesem. st sk of et st
, . o ] system. e risk of overstating the case, one
me_”\%m_:%nc Hrn_ _w,mw GH.,:EQ H./Eﬁ_s:m ,Oc:mnee:nm on m:S_m.o::._n:m and

pment (the Earth Summit) held in Brazil as an epochal event that
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scientific and policymaking discourse. Qver-
arching concepts such as sustainable development and global ¢limate be-
came organizing principles for discussions that addressed more specific

issues, including biological diversity and deforestation.
The Earth Suminit was a concrete manifestation of the emergence of
s call an “international regime.” An

norms, and rules that converge
} in a way that constrains

altered the terms of the

what international relations specialist
international regime is a set of principles,
in a given issue area (in rhis case, the environment
the behavior of actors involved, even when there is no central authority
(Krasner 1983). “Regimes promote order, not through force or power, but
because actors—most significantly sovereign nation-states—support and
voluntarily comply with them” (McCoy 1997, 16).

The demand for international regimes arises from tasks that are thrust
upon states when they have to cope with interdependence and the prob-
lems and conflicts that arise from it {List and Rittberger 1992, 86). In
identifying a regime, one looks for the existence of hierarchically linked
principles (beliefs of fact and causation}, norms of behavior {acknowl-

edged rights and obligations), and procedures {practices for making and

implementing collective decisions). To onc degree or another, all of these

elements are present in the new gnvironmental regime.

The issues addressed at the Earth Summit were articulated in five docu-
conventions on Climate Change and Biological Diversity, the
the Rio Declaration, and Agenda 21. The
are expected to ful-

ments: the
Statement of Forest Principles,
rwo conventions are “binding,” meaning that nations
fill the obligations outlined in the treaties without Jegal enforcement. The
statement on forestsis a conrroversial set of principles on forest conserva-
tion practices, while the Rio Declaration is a hist of guidelines for global
sustainable development. Similarly, Agenda 21 is a blueprint for imple-
menting the Rio Declaration {Preston 1994} A subsequent meeting in
1994 calied the Summit of the Americas, held in Miami, elevated sustain-
able development to the status of a hemispheric principle. More recently,
the Kyoto Protocol to the United Nations Framework Convention on Cli-
mate Change (UNFCCC), which was adopted in December 1 997 in
Kyoto, contained, for the first time, quantified, legally binding commii-
ments to limit or reduce greenhouse gas emissions by industrialized coun-
tries. It also recognized the function of biological systems as sources and
sinks of greenhouse gases.*!
In the process of these negotiations, imaginative proposals have
emerged, such as the Clean Development Mechanism (CDM) defined by
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the Kyoto Protocol (Article 12). The CDM is a cooperative mechani
whereby nm_.zmmm. carbon emission reductions accruing from m:ﬂmmnm_wﬂ
mﬂd?m:ﬁ:ﬂ projects in developing countries can be used by &,mam_o ed
countries to meet part of their reduction commitments, as xm ecifi %,
>::ﬂ.ﬂ B of the Protecol {see Goldemberg 1998). The QU.7.\M .:.Mnm m“..w K
m_.mw_.__m: Un,c_.uommw for a “Clean Development Fund” that Eu.w __:mm:m_mm.._ﬂu
maoﬁn_n an En,mzag for developed countries to comply E:_._,Hrn A.“c:qn_m
tion and provide a source of revenue for developing countries to imple-
:._n.:n_ﬁrm 308.8 % Under the CDM, projects that involve :nﬁ.awaa
emission reductions™ count toward compliance. Emission reductions ¢
.rn certified only if the reductions are “additional to any that N H_c_:",,.r.n_:
in the absence of the certified project activity (Article w\N ) .
,2,5 CDM can be applied to the forest and land use mmnﬂoa that can
pravide carbon mmﬁ_.cnmﬂm_:o: through the adoption of m_,mmnmm:mzn.moqmﬁ
oBmM_Hl_M_.MMﬂMMM NMTMM%MM nw,n n:_._um:m of gn?,ﬂm,mﬁmzo:, and the 9.03&3,3
' ’ ] ation. Wrﬂ:m:w realizing that potential will de-
pend on the outcome of an ongoing debate about the precise role that the
mo,nm.ﬂ and _m_nm use sector will play. Because land and forests are :M: -
plicitly mentioned in the Protocol text, some parties no:n_:mm,ﬁ_ﬁﬂ they mx
not to be included. Others insist that, since there are no nk@:&%ﬂ%ﬁm
u__mmnm on the mechanism, any and all forest and land use projects :
.ws.m__&m {Brown, Kete, and Livernash 1998, 164).% Such monnnsqmu s nor.
c.:n_._mﬁ_._n_:‘Hmu the CDM exemplifies an agreement—cast at the m_ow_m_wmﬂ
and comprising multinational participants—that has the potential _”,o ;:M_.
land use outcomes in ways that meet desirable environmental m,c.:_w .

The ﬂ_o,_g_mar and Kyoto mectings set forth ambitious momu_m,:.w.f. a
far from vm_dm fully implemented. The assemblies nonetheless ammmwﬂ 1“0
new perceptions and prioritics thar have redefined n:mn:mao:a,cm develo M
ment, ﬂr,m environment, and the balance between national w0<,m3m Tty a # ]
international cooperation. The various meetings and the éalw ,w_u ,,:,M
awareness En.n_:a interest in environmental issues, especially with mng,E r,»
to deforestation, have converged to produce a _u.o::ni and Emo_on.wn,wﬂ
discourse that has enhanced the efficacy of some actors in the global : m.._s
and Un._cmo::&% conditioned the behavior of those at the :.,:W_S_m_%ﬂ_:m

While environmentalists may properly look upon these me,.m,.:ﬂm s_;‘q_g
some encouragement, it is risky to assume a firm consensus at the interna-
tional Mmﬁ‘w_« or to expect that International agreements are necess :ﬂ
greeted with enthusiasm at the narional level, The wEN:WN: Bm:ﬁmﬂ.”w:m_ ,w.
example, has expressed alarm over threats to their nation’s moe.mm.m.mmw_:ﬂu_\
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from “international greed and attempts to interfere in the Brazilian Ama-
son area” (Loveman 1999, 270}, In the military’s view the threat was
serious enough to justify the “extreme expedient of war” against sniug-
elers, drug rraffickers, and indigenous and environmental organizations
(cited in Schmink and Wood 1992, 122). That environmental organiza-
tions should be included in such disreputable company is a telling indica-
ror of attitudes within some $ectors of Brazilian socicty concerning the
growing influence of NGOs and activists of various stripes. More gener-
ally, the military’s reaction exemplifies the tendency to POSIEION ENVIFon-
mental issues at the flash point berween a nationalist commIEMENt 1o SOV-
creign authority on the one hand, and the reality of increasing global
constraints on national policymaking on the other.

The global/mational tension is plainly evident in the ongoing debate

about the relationships berween the environment and international trade.
Proponents of frec trade endorse the simplisoe proposition that increased
trade is good because it hoosts economic growth. On the basis of this
arguable assumption, The Economist (1999, 17) gocs on to conclude that
“As people get richer, they want a cleaner environment—and they acquire
the means to pay for it.”* Sweeping generalizations of this kind are
equally popular among many in the environmental commuiity who claim
that increased international trade invariably promotes deforestation and
environmental destruction. Dogmatic and poorly articulared stances such
as these are hardly conducive to rational dialogue, as evidenced by the
public commotion that disrupted the 1999 meeting of the World Trade
Organization {WTO) held in Seattle.

Empirical studies of the impact of trade and exchange rates on defores-
cation are few in number and preliminary m their conclusions. Capis-
trano’s {1994) analysis of forty-five countries around the world found that
the increase in the value of tropical wood on the inrernational market
from 1967 to 1971 was associated with greater deforestation. During later
periods, forest depletion was most strongly linked to currency devalua-
tions, presumably the result of complex relationships herween economic
conditions within a country and the larger global context. When the ex-
change rate is overvalued—for example, when domestic inflation exceeds
world inflation—resources tend to move away from export-producing
sectors of the economy. Exportable products such as agricultural com-

modities and tropical hardwoods suffer a setback, thereby lowering defor-
estation, Alternatively, currency devaluations favor the export of agricul-
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E_..m__ commodities and rimber. The consequent increase in the demand f
cultivable lands and logging is thought to stimulate deforestation e
Ocﬁmjnw devaluations are especially relevant in the case of maw.: riven
the magnitude of exchange rate fluctuations in recent years. in | @o.w f
mxmaﬁ_m_. the currency crisis in that country caused éamm_u_“am& fe ,wﬁ.;
states ::_mrﬁ default on their debt to the central mo,..m_.:_:m:.ﬁ The m”w ot
sent m.;Qm: investors fleeing from Brazilian capital markerts .,_lc nc:ﬂ”%n
act this trend, the government decided to float the exchange .3% nm:m_:ﬂ
a70 pereent nominal devaluation over a period of only three ?mnwm O,H ;
puter simulations based on far more moderate devaluations in the Nc SUHM

dercent ra ; ced i : i
P , :J:mn produced increases in the deforestation rate as high as 35
percent (Cattaneo n.d.}, T

Conclusion

1§ one were to review the vast litcrature on the topic of deforestation witl
the simple intent of compiling an inventory of explanations that have b ,
mmaﬁ:nmmr the list would amount to a bewildering jumble Mum dis .:MMM
o_umm_dmmc:m scattered across multiple levels of analysis. The n_‘u.”:_ 7
complexity of such a list would clearly violate m:m_mim.wm:wﬁm ﬂrx_w “th e
arc not ten good reasons for anything.” Perhaps so, but Stigler. ,‘_ frer M_a_m
did not have in wz:.:,ﬂ the kind of complex systems that have _u..nnn, mrn W.On:,“
here. The question, then, is how to proceed in a manner that accounts mo.m.
the presence of many variables and relationships, yet at the same tim
_Hm_.anw to hearr Stigler’s plea for conceptual simplification. Put .E,cpﬂrn_. é_. )
if it turns out thar there are in fact “ten good reasons™ F.._. noamﬁ_:ﬂwu
{arguably in the case of deforestation), we would be well m.aﬂm,.mm to ::M
some way to group those reasons into a smaller number of processes in
mcnr,m way that we can treat cach grouping on its own terms u,:a :
relation to the others that comprise the system. , N
O:H.mﬁn:.ﬁﬂ to construct such a framework draws from hierarch

theory in ecology, which provides guidelines for grouping both acﬁ_“_ a ~M
natural phenomena along spatial, temporal, and o«mm:.im:c_,i_ ,“S,_ﬂ,
ﬁ,rm no:mmva and relationships shown in figure 2 present a E:::,n.. n _rmn._
w_m_.mqwr_nm_ model, the objective of which is to characterize the W:Hm”m_m /
of socioeconomic and biophysical drivers that influence land use mnnmm_._uo._ v,
ﬂm&n by households and firms. The land use decisions are treated as H_J
direct causes of land cover changes that produce numerous mzsao::”_m:ﬂwr_
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outcomes, some of which have feedback effects on the very socioeconomic
and biophysical processes that produced the land cover changes to begin
with. The framework makes exphcit the notion that different kinds of
hierarchical systems ave involved, thereby requiring different conceptual
and merhodological strategies. Finally, the model predicts diffcrences in
the strength of cross-scale relationships such that the effect of distant driv-
ers is weaker compared to the sirength of intermediate and proximate
drivers, just as feedback effects are strong at the local level but then be-
come progressively weaker at the national and global levels.

Although the hierarchical approach assumes 2 degree of stability across

levels, srability 1s not assumed to be permanent. Social and natural systems
can remain relatively unchanged i subjected to muor disturbances, but
may cross a critical threshold and undergo radical change in the face of
farger shocks {Gunderson et al, 1997, 3). Nor does the framework intend
to suggest that there isa perfect compatibility betwecn the socioeconomic
and the biophysical domains at each level of the three analytical niers. An
ecological zone, for example, does not necessatily conform to national
political boundaries. Indeed, much of the literature on global environmen-
tal issues notes the fack of congruence that often exists between such en-
tities as the political boundaries of the state system on the one hand, and
the boundarics of ecological systems on the other (Hurrell 1992, 401).

Treated as a heuristic generalization, the framework nonetheless illus-
trates a style of multileveled reasoning that can be adapted to different
circumstances and research objectives. The approach is essentiatly a point
of view that can be applied to different phenomena, some of which may
call for morc or fewer tiers in the hierarchy depending on the issue at hand.
By the same token, the variables listed in figure 2 are presented as illustra-
tions of the kinds of factors to be taken inte account within each level of
analysis, not as a complete and finite set of variables that influence land
use choices. Finally, the proposed framework, like all conceptual orienta-
tions, is not a testable theory in its own right. Instead, the model’s utility
lies in its ability to organize existing information into a coherent undcr-
standing of how global, regional, and local events interact with one an-
other to produce the environmental outcomes observed in the ficld.

Notes

i. Despite its name, the conference primarily dealt with the environmental

problems of the industrialized world, such as poliution and acid rain. Little
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Mﬂﬂmmﬂﬂmémm given to reconciling or integrating development with environmental
2. These data, and additional information, can be found on INPE’s website:
<httpi//www.inpe.brfamz-01.html>. For another excellent source of mformati .
on n_n._nc_.nmﬂmloz .:. the Amazon and elsewhere, see the Michigan Stare Uni ,. _o3
website for the Tropical Rain Forest Information Center: , e
<htrpiwww.bsesimsu.edu/trfic/index. hemls, .

3. The estimates of deforestation produced by INPE {used in table 1, figure 1
and map [} refer to the “Legal Amazon,” a federal planning region H_w\._ﬁm_,cf, .
mno:%\ more or less (o the Amazon wartershed. Tt consists cm the xnunnn,numr>wﬂ.n.
Amapd, Amazonas, Pard, Ronddnia, and Roraima {(often referred H,o as H,rn :n,__,“M..

sical Amazon™), as well 3

az , s as Maro Grasso, Tocantins a

i S50, antins, and Maranhdo wes 5
44th meridian. ot

4, Source:
nr:ﬁnts_s.s.._:no.v:._:3Sanomﬁménﬂcm‘.m_dw._ 998_1999/pagina8.html>
5. Estimates of deforestation in the Amazon are polidically nm:m:__f.m The m
are often used o blame one group or another for the Qn.mﬁ,:nlc: c.—. the m_m:_..o,n
When the deforestation rate declines, government afficials are quick to take A,:Mww.
for the lower rate, pointing ta the effectiveness of the policy changes .ﬂr . J:. )
mdmnﬂﬂ&‘ When the rate rises, critics seize upon the numbers to rc_w.ﬂn_‘mnrm:‘nnﬂzwd_ﬂw
Mwﬂﬂ,m m”hmg ernment actions arc ineffective and that more aggressive policies are
6. Although the distinction between proximate and underlying causcs is
new to the study of land use change (see Kaimowitz and >:mo_mam 1 ccm, 75; _J_:_.MMM
et al. 1990; Turner et al. 1995, 33; Moran, Ostrom, and Mwm:n_c_vr,urw.wmw the
proposed .?m:._méﬁ.:.r seeks to advance this line of reasoning by providin : a _h::.m
no:._n_ﬁ,m inventory of the relevant variables and by explicitly “‘waaﬂnnm__ﬁd Mrﬁ. : ;
ceptual issues that confront multileveled research designs. ‘ TR
N. The discussion addresses each land cover C:F,CH.,:@ separately. In reality th
various ontcomes are often present within the same landholding, ZL:::@ T:m H.
paterns within the samc property produce complex umqo?wnﬁ: _,,ﬁﬁQn:. H_:w;
m__é_:m:m_o:m:, include annual and perennial crops, vu»ﬁﬂ_an *.c.q n\n:,z\n., _...,:.u.,.r:__.Hﬁ
the selective extraction of timber, and the retention of some primary mcqn:“ﬁ. hm::,w_“
et m._.__.o.o.m. chap. 6). The issue is further complicated by the fact ﬂ_E,H the c,r.:_,“ ymig
MnMMHM_?_ that lead o land cover change are often qm_m‘ﬁ.mn_ to each other, .mm __w :d_H
manMw.wom._ﬂ”Mw: loggers who build roads into the forest and farmers who are in
8. Smith ct al. (1995, 89-91) provide a sample list of the nontimber fores
products cotlected by peasants in the Brazilian Amazon. e
Q.mwm.:”..zwﬂwnﬁwﬂﬂ anm?: the sustainability om.E:m:._..,.n_m._n..maSn_&ms agriculture and
x H,,.F:Ema have become rallying points for conservationists, wh
have sought alliances with indigenous groups and rubber tappers as an s o
protect the forest from the more destructive forms ot aw*oqmmqmzom ﬁ...M:ﬁJc.MnM“” m“
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peasant farmers and catele ranchers, A dramatic example is that of Chico Mendes,
a rubber tapper and community erganizer who galvanized the support of environ-
mental and labor groups in favor of legal recognition of a new form of land tenure,
called “extractive reserve,” In an extractive reserve, local communities own and
control the harvesting of forest products, The idea s to establish a form of commu-
nal ownership that permits people to manage the forest without destroying it
Whether extractive reserves are economically viable alternatives to other forms ol
land renure and land use is a debated issue {Allegretti 1989; Browder 1992; Smith
et al. 1995, 77-88}. Attempts to strengthen the contribution of exiractive reserves
to the income of local people include the marketing of forest products through
nonprofit trading companies that repatriate a percentage of the profits to mombers
of the reserve. Through the efforts of Cultural Survival, 8 buman rights orpaniza-
tion, Brazil nuts can be found in ice cream, cereals, and cookies (Pearce 1990).
Mendes’s opposition to encroaching cattle ranches led to his murder tn December
1988, His death catapulied the issue of extractive reserves to the forefront of the
discussion of development policies for the Amazon, eventually leading 1o the cre-
ation of twelve extractive reserves covering over 3 million hectares.

10, “Surface fires” that escape into the forest burn with less inrensity but none-
theless cause severe damage to the understory and to tree species with fire-sensitive
barks, causing the farest to become increasingly Hammable. It turns out that sur-
face fires that go undetccted by satellites affect about 1.5 time more forest than the
amount of land directly affected by deforestation fires associated with clear-cut-
ting and burning (Nepstad et al. 1999}.

11. Pastures are very difficult to maintain in the Amazon {Serrao and Toledo
1992}. After about five years, pastures become increasingly susceptible to nurient
leaching and the invasion of weeds, some of which are poisonous to cattic. Al-
though esrimates vary, one study concluded that approximately half of the pas-
tures in the region are “degraded” {Serrao and Homma 1993, 317-18).

12. In the face of the state’s declining ability to govern, many analysts contend
that community-leve! organization is the only legitimate focus for the devolution
of power and for achieving the meaningful grassroots participation deemed criti-
cal to successful resource management and conservation {sec Agrawal 1997).

13, Background literature and sample questionnaires can be obtained from a
World Bank website
_HArx?_____,ééé.Eo:mrm:r.onm\_ﬁcconiwnms:m_vu.

14. Scale can thus be temporal, spatial, or bath. Temporal scale refers to the

frequency of behavior, specifically to the amount of time it takes for a cycle to be
completed and start again. Particular entities behave with their own characteristic
frequencies {Ahl and Allen 1996, 60).

15. The prospect of earning foreign exchange through the export of soybeans
justified a host of aggressive state-financed crop credit programs to modernize the
agricultural sector, largely financed by international lending. The availability of
this funding, in turn, was greatly facilitated by the “petrodollars” that flooded the
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international money market following the OPEC-induced oil price increase in the
carly 1970s {Skole et al. 1994, 319-20). Among the consequences of these changes
was the out-migration of people from Parana, many of whom headed northward
te the Amazon (Wood and Carvatho 1988, 2193,

16, Nevertheless, the suspension of incentives applics only to new projects, not
ta projeces that are currently being implemented or that have already been wz:c
mplemented {Smeraldi 1996, 98}. \

._.w. Provisionat Mcasure {PM) 1511 stipulates that clear-cutting is not permit-
ted n more than 20 percent of a property in the north region aud in the northern
part of the center-west region. PM 1311 modifies the 1965 Forest Code, which
required furest reserves of at least 50 percent on a rural property. The ES, differs
in that the 50 percent figure in the Forest Code was based on the total area of each
property, while the more recent 20 percent figure is based on the arca with forest
cover (Smeraldi 1996, 99-100),

. 18. The majority of those who commir infractions get away without paying
m_:nm., often due to loapholes in federal laws and the lack of personnel to properly
monitor activities in an area as large as the Amazon. -

19. The degree to which these initiatives may have reduced deforesration is
hotly debated. The Brasilian government is quick to extol the effecrivencss of
public policics, at least when deforestation rates are on the way down, as they 4”:..3
berween 1988-89 and 1990-51. Critics, on the other hand, 7222 their Emﬂ_:gn_:
that public policics have been ineffective by pointing to later increases in the defor-
estation rate. Most skeprics probably agree with Fearnside {2000} when he con-
m_cann_ that landholders continue to deforest despite the withdrawal of incentives
inspections from helicopters, the confiscation of chain saws, and the imposition om
fines for illegal burning.

NC.. Precursors to the Summit include the G-7 Pilot Program to Conserve the
Brazilian Rainforest (PPG7Y), launched in Houston, Texas, in 1992 at the request
of the Group of Seven industrialized countrics, spearheaded by Germany (see
Smeraldi 1996). The U.5.§300 million aid package is designed to support ﬁ‘,:wn_r
vation and sustainable development within the Amazon and Atlantic rainforest
EEF strengthening institutional capacity and environmental policymaking for q_wn
region.

21, m.Emmmmo:m of greenhouse gases, mostly carbon dioxide, methane, and ni-
trous oxide, result from human activities in the energy sector, land use change, and
forestry sectors, and from industry and waste management (IPCC 19964, | mmm_;
However, the forestry sector also has the ability to remove carbon dioxide from the
m.ﬂ:_om.vrman through photosynthesis. As such, the possibility of emission redue-
tions in forestry and the porential for increasing carbon mmﬁ_mmim:c: give the
sector an ¢levated role in measures to mitigate climate change as mnsmmmmm in the
Kyoto Protocol.

22, In the original proposal, financing was to come from noncompliance fees
from developed {Annex [) countries that exceeded their assigned amounts of
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greenhouse gas emissions in a given budget period. The punitive nature of the
proposal was modified after intensive negotiations.

23. Several key issucs drive the debate about the role of the forest and land use
sector {Brown, Kete, and Livernash 19983, (a) Some governments 0ppose the 1n-
clusion of the forest and land use sector because they do not want the focus of the
negotiations ta shift from fossi! fuel to forest-sector cmissions. (1) Farest options
could become a loophele as governments ry to clainy “credit” for activities they
would have done anyway, regardless of the Protocol. (¢} Some carbon storage
projects, such as the conversion of natural forests into fast-growing plantations,
can have negative environmental outcomes in other arcas such as biodiversity. And
{d} although conservation offers the greatest emission reduction opportunities,
some scek to exclude conservation projects because it is oo difficult to determine
whether deforestation would have occurred in the ahsence of the CDM.

24. A rise in income can have contradictory effects on deforestation. On the one
hand, an increase in purchasing power implies a greater demand for wood and
agricultural products, which, in turn, increases the opportunity cost of keeping the
forest unexploited. On the other hand, if the pristine quality of the forest is a
normal good whose demand increases with income, deforestation would decline
as income rises. The net cffect of income on deforestation, therefore, is an empiri-

cal question {Capistrano 1994, 74).
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