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Abstract
The Amazon rain forest harbors some of the world’s richest biological diversity. During
the twentieth century two types of actors cleared those forests: outside encroachers and
native Amazonians. Of the two actors, we know more about forest clearance by outside
encroachers. The past research focus has served well because during the twentieth
century outside encroachers cleared most of the forest. But the past focus might need
reappraisal because native Amazonians are claiming de jure and de facto stewardship of
the forests they inhabit, and with tighter jurisdiction over those forests one might expect
changes in the amount of forest cleared by native Amazonians. Prior research in rural
areas of low-income nations suggests that household income affects forest clearance. To
estimate the short and long-run effects of household income on household forest
clearance, we use a panel composed of five annual surveys (2002-2006) from 324
households of a native Amazonian society in Bolivia (Tsimane’). Using a variety of
linear models for panel data, we find positive and significant income elasticities of total
(fallow and old-growth) forest clearance (range: 0.15 to 0.21) and fallow forest clearance
(0.30), but not of old-growth forest clearance (-0.16). A Monte Carlo simulation with
10,000 runs suggests that it would take ~59 years before total forest clearance begins to
decline. Assuming no forest clearance by outside encroachers, by the time forest
clearance begins to decline, 32% of the forest Tsimane’ inhabit will remain standing.
Results point to the need for a two-pronged strategy - one aimed at the Tsimane’, and one
aimed at outside encroachers - to curb the loss of forests.
Key words: forest clearance, income-elasticity of forest clearance, deforestation, native

Amazonians, Monte Carlo simulation



Introduction. The Amazon rain forest (hereafter forest) harbors some of the world’s
richest biological diversity (Whinnett et al., 2005). During the twentieth century two
types of actors cleared those forests: outside encroachers and native Amazonians
(London and Kelly, 2007). For much of the past, native Amazonians practiced slash-and-
burn farming to plant subsistence crops, but recently they have started to clear forests to
put in cash crops (Vadez et al., 2004) and cattle (Bremmer and Lu, 2006;Lu, 2007;Rudel
et al., 2002). Outside encroachers, such as cattle ranchers, loggers, road builders, oil
firms, coca cultivators, and colonist farmers have cleared forests to plant pasture for
cattle, to cultivate cash crops, to build physical infrastructure, and to claim land (Hecht et
al., 1988;Painter and Durham, 1995;Pichon, 1997;Repetto and Gillis, 1988;Schmink and
Wood, 1992;Wood and Porro, 2002;Wunder, 2000). Traditional slash-and-burn farming
allows for more forest re-growth than commercial agriculture or cattle ranching (Hecht et
al., 1988). Of the two actors, we know more about forest clearance by outside
encroachers. The past research focus has served well because during the twentieth
century outside encroachers cleared most of the forest (Barbier, 2004;Killeen et al.,
2007). But the past focus might need reappraisal because native Amazonians are
claiming de jure and de facto stewardship of the forests they inhabit (Nepstad et al.,
2006;Redford and Stearman, 1993), and with tighter jurisdiction over those forests one
might expect changes in the amount of forest clearance by native Amazonians.

Prior research in rural areas of low-income nations suggests that household
income (hereafter income) affects the amount of household forest clearance (hereafter
forest clearance) (Angelsen and Kaimowitz, 1999;Barbier and Burgess, 2001), so it is

natural to ask what effect future levels of income among native Amazonians might have



on their clearance of local forests, or on the clearance of forests in their communities’.
We stress the clearance of local forests because income changes among native
Amazonians could induce them to clear forests beyond their communities”. If so, then
estimates of the relation between income and the clearance of local forests would provide
an incomplete portrait of how income affects the total amount of forest cleared. We
believe that the stress on local forest clearance captures most of the forest cleared by
native Amazonians because — to our knowledge at least — native Amazonians have not
started to displace forest clearance beyond their communities, though it is a theoretical
possibility we cannot dismiss.

One could envision at least four scenarios about how income could affect forest
clearance. First, if the bundle of private goods and services household consume from
clearing the forest is a normal good, then one would expect more income to produce more
forest clearance. Second, if the bundle of private goods and services households
consume from clearing the forest is an inferior good, then one would expect more income
to produce less forest clearance™. Third, income might not affect the consumption of
private goods and services from forest clearance. This could happen if native
Amazonians intentionally decide to preserve the forest after claiming stewardship of the
forests they inhabit. Recent research suggests that native Amazonians who gain
stewardship of forests might enhance conservation (Asner et al., 2005;Hayes,
2006;Schwartzman et al., 2000;Stocks, 2005); if so, then a rise in income might not
change the amount of forest cleared. Last, income might bear a non-linear effect on the
amount of forest clearance. For instance, forest clearance might rise as income rises, but

only at low levels of income; once income passes a threshold, forest clearance might fall



(Barbier, 2004;Bhattarai and Hammig, 2001;Grau, 2003;Kauppi, 2006;Stern, 2004).
Given the wide range of possibilities about how income might affect forest clearance,
only empirical work can establish the type and magnitude of the relation between the two
variables.

Establishing the type and magnitude of the relation between income and forest
clearance among native Amazonians matters for policy. If the bundle of private goods
and services that native Amazonians consumed from forest clearance is an inferior good,
then an increase in income should produce conservation by default because it will deflect
consumption away from the forest, whereas a decrease in income levels will accelerate
forest clearance. If the bundle of private goods and services from forest clearance is a
normal good, then an increase in income will undermine forest conservation because such
an increase will induce greater consumption from the forest. If so, then policy-makers
might need to implement policies to attenuate those adverse effects. If the link between
forest clearance and income resembles an inverted U, then policy-makers and
stakeholders might want to know how long it will take before society reaches the turning
point, how much forest will remain when society reaches the turning point, how to put in
place policies to flatten the curve, and assess whether forest clearance falls because
people displace forest clearance to the rest of the world. If] after granting native
Amazonians de jure and de facto stewardship over the forests they inhabit, one finds that
an increase in the level of income has no effect on local forest clearance, then this would
suggest that native Amazonians probably put in place practices that enhance

conservation, as some have argued (Hayes, 2006;Schwartzman et al., 2000).
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rank of a household in a village varies across years. Household rank correlates highly
with the level of household income because we used the level of household income to
create household rank, but probably does not correlate directly with the amount of forest
cleared because households clear forest to plant crops not to increase their rank. Forest
clearance for crops can only influence household rank through the level of household
income. It is possible that households with higher rank clear forests to put in cattle; if so,
then household rank and household forest clearance would be correlated directly via
cattle, without being mediated by household income. We control for this possibility by
including household wealth as an explanatory variable; our measure of household wealth
captures the value of domesticated animals (including cattle) owned by the household and
so allows us to control for that part of the instrumental variable that might be directly
correlated with household forest clearance. One additional argument for using household
rank as an instrumental variable deserves mention. Rank is not a variable over which a
household has complete control; a household might decide to change its rank, but the
final rank of a household in a village will depend on the decisions (and income) of other
households over which it has less or no control.

Step 3: Testing whether household income is, in fact, exogenous. To test whether
household income is, in fact, endogenous, we ran a regression with the measure of
income as a dependent variable; as explanatory variables we included the potential
instrumental variable for income — household rank— and all the other explanatory
variables shown in the first column of Table 2. From this regression we obtained a
predicted residual, §. We then used ordinary least squares and household fixed-effect

models to regress the logarithm of forest clearance (dependent variable) against all the
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explanatory variables in column [1] of Table 2, plus the residual, S. We found p values
for the residual that ranged from about 0.30 to 0.90 depending on the type of regression
used, so we conclude that the evidence for the endogeneity of income is mixed, but the
conclusion hinges on the validity of the instrumental variable”.

Step 4: Statistical test for the validity of the instrumental variable. We estimated
the regression in column [1], Table 2, but added the variable for household rank. If
household rank is a valid instrumental variable for household income, then it should bear
a tenuous link with forest clearance after conditioning for income, and that indeed is what
we found. We found that the coefficient of household rank was 0.0001 (p=0.89) but the
coefficient of income was 0.13 (p=0.24), slightly lower than the coefficient of column [1]
(coefficient=0.15; p=0.03). A reliable instrumental variable should also be highly
correlated with the endogenous regressor (Angrist and Krueger, 2001). To test this we
regressed household income (outcome variable) against all the explanatory variables of
column [1] plus household rank, and found that household rank had a coefficient of 0.01
and a t statistics of 28.62. From this we conclude that the use of household rank is
conceptually and statistically a valid instrumental variable for household income.

In sum, we find mixed evidence for the endogeneity of household income but
relatively good evidence for the use of household rank as a valid instrumental variable for
household income"’. Table 2, column [4], contains the result of the two-stage

instrumental-variable panel linear estimation.

Forest clearance among Tsimane’. Prior studies among the Tsimane’ contain

ethnographic descriptions and discussions of forest clearance (Godoy, 2001;Reyes-Garcia



13

et al., 2007;Vadez et al., 2004). These studies point to four findings that bear on this
article. First, in previous research we found that self-reported answers about forest
clearance provided by plot owners correlated highly with independent physical measures
of forest clearance taken by researchers (Vadez et al., 2003). Second, the cultivation of
rice as a cash crop plays an increasingly important role in the amount of forest
households clear (Vadez et al., 2008). Third, the ethnobotanical knowledge of the male
head of a household is associated with less forest clearance (Reyes-Garcia et al., 2007).
Last, as noted earlier, income bears insignificant effects on forest clearance. We now
provide a short description of how Tsimane’ clear forest, of changes in patterns of forest
clearance, and of the institutions regulating usufruct rights to forests.

The Tsimane’ number about 8000 people and live in about 100 villages in the
Bolivian Amazon, mostly along the Maniqui and the Apere rivers in the department of
Beni. Tsimane’ subsistence centers on hunting, fishing, plant foraging, and, increasingly,
on slash-and-burn agriculture. Farm products account for more than half of the cash
income of the Tsimane’ (Vadez et al., 2008). Tsimane’ staples include upland rice,
manioc, and plantains. Less important crops include sugar cane, peanuts, sweet potatoes,
and citrus (Piland, 1991).

Tsimane’ practice agriculture in their ancestral lands. Tsimane’ land legally
belongs to the entire ethnic group. In a typical village, houses are scattered around the
school, and households usually farm around the village in a radius of about two
kilometers. Land availability per household depends on the number of households in the

village and the abundance of forest surrounding the community. During the study period
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the mean and median number of households in a village were 25 and 17 (standard
deviation [SD]= 17).

Tsimane’ farming is extensive, and oriented to household consumption and,
increasingly, to sale. People usually abandon a plot after cultivating the plot for one or
two years, and then clear another plot. Plots cleared during living memory have informal
owners; those who cleared plots of old-growth forest have informal rights to continue
using the fallow plot for subsequent cycles of farming. Years after a plot was last used
for farming, Tsimane’ still remember who initially cleared the plot and who now has first
rights to the fallow forest. Tsimane’ plant a variety of useful plants on cleared lands as
the cleared land reverts back to forest; they put in plants to claim usufruct rights to the
fallow forest and to use the plants in the future (Huanca, 1999). In practice, use of fallow
forests is loose. People who did not initially clear a plot of old-growth forest are able to
clear another person’s fallow forest and use it, or use some of the plants in the fallow
forest. Rules of use over fallow forest are more relaxed in villages far away from market
towns with ample access to forests in the sense that people can use another person’s
fallow forest; in villages nearer to market towns with incipient land scarcity, people who
clear old-growth forests are using fallow lands more often without allowing the land to
remain under fallow for long.

Tsimane’ integration into the market economy has not decreased the diversity of
crops grown (Vadez et al., 2004). Households more integrated into the market economy
tend to cultivate more rice, a finding consistent with the increasing demand for rice in the
region, and with the increasing importance of rice in the household economy of the

Tsimane’.
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Tsimane’ believe that all plants and animals were human in mythical times, and
that the gods converted some of those early humans into today’s animals and plants.
Because Tsimane’ believe that humans, animals, and plants share a common ancestry,
they view plants and animals as their kin, and, consequently, have a reverential attitude
toward forest plants and animals (Huanca, 2008). For instance, Tsimane’ will often ask

permission of tree spirits before cutting down large trees in old-growth forests.

Regression results. Table 2 contains the regression results. In columns [1]-[4] we use the

log of total forest clearance as a dependent variable; in columns [5]-[6] we use the log of
old-growth forest (column [5]) and the log of fallow forest (column [6]) as dependent
variables.
INSERT TABLE 2 ABOUT HERE

The results in column [1] suggest that a 1%-increase in household income is
associated with an increase of 0.15% in the amount of forest cleared by the household.
We find weak evidence that the relation between forest clearance and income resembles
an inverted U; the coefficient of the variable for log income is 0.150 and the coefficient
of the variable for the square of log income is -0.032 (p=0.10). An F test for the joint
statistical significance of the two terms suggests that they are marginally significant
(F=2.45, p>F=0.088). The two coefficients imply that forest clearance will fall once
mean personal income for a two-week period reaches 10.51 bolivianos, 51.22% higher
than the mean current personal income for a two-week period of only 6.95 bolivianos"".

In column [2] we add as an explanatory variable the amount of forest cleared the

previous year. Adding a variable for lagged forest clearance increased slightly the
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coefficient for the log of income (from 0.150 [column 1] to 0.171 [column 2]) and it
decreased slightly the coefficient for the square of the log of income (from-0.032 [column
1] to —0.034 [column 2]). The regression in column [2] provides stronger statistical
evidence that the relation between the level of forest clearance and the level of income
resembles an inverted U (F=3.15, p>F=0.044).

In column [3] we add an explanatory variable to the regression of column [2]: the
log of income during the previous year. Adding a term for lagged income made the
coefficient of log income increased to 0.215 (from 0.150 in column [1]) but the
coefficient for the square of the log of income decreased from -0.032 in column [1] to -
0.036 and became statistically insignificant (p=0.230). That said, the two terms were still
statistically significant and, again, suggest that the relation between forest clearance and
income resembles an inverted U (F=3.07, p>F=0.048).

In column [4] we use household rank as an instrumental variable for the level of
household income. Using an instrumental variable produces results similar to those in
column [1], and slightly more conservative than those in columns [2]-[3]. When we use
an instrumental variable for income we find that a 1%-increase in income produces an
increase in the total amount of forest clearance of 0.15%; the quadratic term for the log of
income was not significant at the 95% confidence level (p=0.14), nor where the two
terms, log income and the square of log income (3°=3.96, p>x* =0.138).

The result shown in column [5] suggests that log income and the square of log
income did not have an individual or joint significant effect on the amount of old-growth
forest cleared. The result shown in column [6] suggests that income by itself has a strong

effect on the clearance of fallow forest. A 1%-increase in income is associated with an
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increase of 0.30% in the area cleared of fallow forest. The coefficient for the square of
log income (-0.046) is statistically insignificant (p=0.380), but the test of joint significant
for log income and for the square of log income is marginally significant (x*= 4.97, p> y*
=0.083). The results of the regressions in columns [5]-[6] suggest that the main findings
of columns [1]-[4] about the inverted U-shaped relation between the amount of forest
cleared and income reflects the role of income on the clearance of fallow forest rather
than the role of income on the clearance of old-growth forest"".

We did additional analysis to test the robustness of the main results. Most of the
results of the additional analysis confirmed the results just presented. First, we used real
(inflation-adjusted) values for income and wealth rather than nominal values, and found
stronger results. For instance, the regression in column [1] with real values for income
and wealth produced a coefficient for the log of income of 0.346 (p=0.039) (instead of
0.150) and a coefficient for the square of the log of income of —0.074 (p=0.11) (instead of
—0.032). Second, we used random-effect models rather than fixed-effect models for the
regressions in columns [1]-[4] and found essentially the same parameter estimates for log
income and the square of log income™. Last, we re-estimated the regressions using the
change in the log of forest clearance between year t+1 and year t, and the explanatory
variables of Table 2 (Stern, 2004). Those results showed that log income and the square
of log income had virtually no effect on the rate of change of forest clearance.

In sum, we find: (@) positive income elasticities of total forest clearance that range
from +0.15 to +0.21 depending on the type of regression used, (b) mixed evidence for the
existence of an inverted U-shaped relation between the level of income and either the

level of total forest clearance or the rate of change of total forest clearance, and (C)
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evidence that the main effect of income levels on the level of forest clearance probably

centers on the clearance of fallow forest rather than on the clearance of old-growth forest.

Monte Carlo simulation. We draw on the income elasticities of forest clearance in Table

2, on other estimates from the panel study, and on secondary literature to run a Monte
Carlo simulation and make four forecasts. Table 3 contains a summary of the
assumptions used in the Monte Carlo simulation. Since we found mixed evidence that
the relation between forest clearance and income resembles an inverted U, the four
forecasts refer to the year beyond which deforestation begins to fall and include: (a) the
number of years to reach the turning point (column [a]), (b) the total area (km?) of forest
cleared by all Tsimane’ during the year of the turning point (column [b]), (C) the
cumulative forest loss by all Tsimane’ by the year of the turning point (column [c]), and
(d) the amount of remaining forest by the year of the turning point (column [d]). We ran
the Monte Carlo simulation 10,000 times.
INSERT TABLE 3 ABOUT HERE

Three caveats deserve discussion before presenting the results. First, for
simplicity and owing to lack of biological data for the region, we assume no re-growth of
cleared forest; once cleared, always cleared. So done, our simulations about how much
forest will remain by the year of the turning point capture a worst-case scenario. Second,
owing to lack of biological data, we cannot say anything about the fragmentation of
remaining forest. As we shall see later, we find that by the year of the turning point, 32%
of the current forest stock will remain, but we cannot say anything about how that 32%

will be scattered in space. Third, we simulate the effect of income on the combined
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amount of old-growth forest and fallow forest cleared. We lack data to carry out separate
simulations for old-growth forest and for fallow forest. Since we want to know how
much forest will remain by the year of the turning point and our inventory for the current
forest stock does not allow us to distinguish between old-growth forests and fallow
forests, we cannot run separate simulations for different types of forests. Owing to these
data limitations, the results of the simulations say nothing about the composition of the
remaining forest stocks.

Bearing in mind the caveats just discussed, the results of the simulation (Table 4)
suggest that forest clearance will begin to decline in 58-59 years (SD=11) (column [a]).
During the year of the turning point, all Tsimane’ will clear a total of 76 km® of forest
(SD=140, median=46 km?)(column [b]), about five times more than the present amount
of total annual forest cleared by all Tsimane’ (16 km?). From now until the year of the
turning point, all Tsimane’ will have cleared a cumulative 2331 km® of forest (column
[c]). The estimates of cumulative forest clearance by the year of the turning point shown
in column [c] suggest that by the time forest clearance begins to decline, about 1120 km?
or 32.45% of the present forest stock will remain (column [d]). If we use the median
rather than mean values of cumulative forest loss from the simulation, then by the year of
the turning point, 2015 km? or 58.38% of the present forest stock will remain standing.

INSERT TABLE 4 ABOUT HERE

Besides the caveats noted earlier, which had to do with absence of data, there are
at least three other reasons to be cautious with the results of the simulations presented.
First, the parameter values used in the simulation come from the past. If the region

experiences an unusual, sustained burst of economic activities unrelated to forest use and
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if income grows at the rate of some Asian tigers (e.g., ~4%/year), then it would only take
about 16 years before forest clearance starts falling, and the cumulative area of forest lost
by the year of the turning point would amount to only 342 km®. Second, some of the
variables we could not model owing to lack of data (e.g., role of outside encroachers)
would tend to underestimate the rate of forest loss, whereas other variables (e.g., absence
of forest re-growth) would tend to over-estimate the amount of forest loss; the
simultaneous effect of both biases acting in opposite directions, produces a net effect of
an unknown magnitude and sign. Third, it is possible that some variables we modeled as
producing more forest loss, such as population growth (Terborgh, 1999), might, in fact,
reduce forest loss through agricultural intensification, through more effective defense of
territories, and through the role of remittances sent by migrants (McSweeney and Arps,

2005).

Discussion and conclusions. The results of the analysis suggest that among the Tsimane’

the bundle of private goods and services consumed from forest clearance is a normal
good — the level of consumption rises with an increase in the level of income. We find
positive and significant income elasticities of total forest clearance that vary between
+0.15 and +0.21; the variation in estimates reflects the type of regressions used. These
estimates represent an improvement over prior estimates because they control for a wide
range of confounders, including biases from the potential endogeneity of household
income. Recall that previous research found virtually no effect of income on forest

clearance, so our results stand in sharp contrast to past findings.
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We also found evidence that the results of the analysis are likely driven by the
role of income in the clearance of fallow forests rather than by the role of income in the
clearance of old-growth forest. If so, then income growth might not harm the biological
diversity housed in old-growth forests since we found that income had no effect on the
clearance of old-growth forest (column [5], Table 2). It is an open question whether the
clearing of fallow forest represents less of a loss of biological diversity than the clearing
of old-growth forest. We say it is an open question because several researchers have
noted that fallow forests contain considerable amounts of biological diversity and that it
is often difficult to tell apart an old-growth forest from a fallow forest owing to the large
amount of anthropogenic manipulation of forests™.

Assuming that the future resembles the past and that encroachers do not clear
forest in the territory of the Tsimane’, then our estimates suggest that in 58-60 years
Tsimane’ will have about a third of their forest left. In estimating the amount of forest
left we have purposefully excluded the role of outside encroachers owing to lack of data.
Outside encroachers could accelerate forest clearance through two paths: directly through
their own clearing and, indirectly, by increasing risk and inducing Tsimane’ to clear
forests to claim private rights to land before others do so (Godoy et al., 1998). The effect
of income on the amount of remaining forest will also depend on the initial stock of forest
relative to population size. For example, at least one study suggests that owing to the
large amount of forest available among the Matsigenka native Amazonian society in the
Manu National Park of Peru, forest clearing might not be a worrisome conservation issue

(Ohl-Schacherer et al., 2007).
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Our results then hint at the need for a two-pronged strategy to enhance the
conservation of forests in Amazonia, or at least among the Tsimane’: (a) one strategy
aimed at making sure that increases in the level of income do not lead to the depletion of
forests since we find that the effect of income levels on levels of forest clearance are
large, though income might take years to produce complete depletion, and (b) another

strategy aimed at curbing the pressure of outside encroachers.
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Table 1: Definition of variables measured annually, 2002-2006 (inclusive), used in the

regressions

Name of variable in Table
2

Definition

Dependent variables:

Log total area

Natural logarithm of old-growth and fallow forest cleared
during the year before the interview. Raw variable
measured in tareas (10 tareas=1 hectare). 4.36% of
observations censored.*

Log old-growth

Natural logarithm of old-growth forest cleared during the
year before the interview. Raw variable measured in tareas.
53.88% of observations left censored.*

Log fallow

Natural logarithm of fallow forest cleared during the year
before the interview. Raw variable measured in tareas.
28.25% of observations left censored.*

Explanatory variables:

Log income

Log of mean income/person in household earned during the
two weeks before the day of the interview. Income sources
include sales, barter, and wage labor. Total household
income divided by head count in household*. In the
regression we also include the quadratic of the log of
income

Log household
wealth/person

Log of monetary value of household’s wealth measured
with five traditional physical assets (e.g., canoes, bows), 13
modern physical assets (e.g., radios, cutlasses), and four
domesticated animals (e.g., cattle, chickens, ducks) owned
by the household. Value divided by household head count
to arrive at an estimate of the mean value of wealth/person
in household.*

Schooling years

Sum of the maximum school grade achieved by all members
of the household

Log bed-ridden days

Log of total number of bed-ridden days by all members of
the household during the 14 days before the day of the
interview.*

Log household size Log of number of people in the household

Credit Number of people in household with self-reported access to
credit in an emergency

Log plots cleared Log of number of forest plots cleared.*

Survey year Year of survey

* Variables with an asterisk indicate that we added +1 before taking natural logarithms.
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Table 2. Household forest clearance among Tsimane’ native Amazonians, Bolivia:

Regression results using annual panel data (2002-2006)

Dependent variables — natural logarithm of forest area cleared by
household:
Total area = Old-growth + fallow Old- Fallow
growth
Explanatory variables: [1] [2] [3] [4] [5] [6]
Log income 0.150** | 0.171** | 0.215** | 0.156* -0.164 0.304*
Square of log income -0.032%* -0.034* -0.036 -0.033 0.024 -0.046
Log household 0.032 0.045 0.146 0.035 -0.394 0.333*
wealth/person
Schooling years 0.002 0.003 -0.0004 | 0.002 -0.002 0.004
Bed-ridden days -0.006 -0.006 -0.005 -0.006 -0.026 0.006
Log household size 0.239 0.348 0.650** | 0.245 -0.858 0.853*%*
Credit 0.010 0.012 -0.0005 0.010 0.216* -0.043
Log plots cleared 1.095%** | 1,072*** | 1,035%** | 1,004*** | 1.887*** | 1.581***
Survey year 0.010 0.044 0.053 0.102 1.588%%* -0.587*
Lag one year log of:
Income | * A -0.001 A -0.152 0.026
Forest clearance | * -0.151%%* | -0.309%** | ~ 0.406%** -0.019
Log income and square
of log income:
Joint test: p>F | 0.088 0.044 0.048 0.138 0.797 0.083
Inflection point | +10.51 +11.78 +18.66 +10.34 -29.70 +26.70
(bolivianos)
Observations 808 796 543 808 543 543
R2 overall 0.43 0.32 0.24 0.46 Not applicable
Over-identification test Not applicable 0.77 Not applicable
Regression type Household fixed effect v Random-effect Tobit

Note: All regressions are panel linear models and include clustering by household, full set of
dummy variables for community-survey year, constant, and robust standard errors. ~ = variable
was intentionally left out. For columns 4-6 joint test is y* and, in parenthesis, p> .
IV=instrumental variable. IV for income=household’s income rank in the village each year (e.g.,
richest household=1, next richest household=2). Over-identification test contains the p value for
p>x*1. In columns [1-4], forest clearance refers to log of total area of forest cleared, and in
columns [5-6] it refers to log of old-growth or log of fallow forest cleared. Inflection
point=income beyond which forest clearance begins to fall (+) or rise (-); baseline mean
income=6.95 bolivianos; inflection point estimated through first derivative. ***, ** and **
significant at the 1%, 5%, and 10% level.




Table 3. Assumptions used in Monte Carlo simulation

Variable Baseline Variation Distribution | Correlation | Source of baseline and
value type correlation values
[a] Income elasticity for total | 0.173 Min=0.150 Triangular Mean of columns 1-4, Table 2
clearance Max=0.215 (row “Log income™)
[b] Mean total area of forest | 1 hectare SD=0.67 Normal +0.022 with | Survey data
cleared by household [a]
[c] Total # villages | 100 SD=10 Normal 2007 survey (Reyes-Garcia et
al., 2008)
[d] Households/village | Median=16 | SD=17 Normal -0.054 with | Survey data
[b]
[e] Annual growth in # | 2% Minimum=1% Triangular (Godoy et al., 2005;Valeggia
households Maximum=4% and Lanza, 2007)
[f] Annual real income growth | 1% Minimum=0.63% | Triangular +0.010 with | (Godoy et al., 2008)
Maximum=1.63% [e]
[g] Total forest area of Tsimane’ | 3451 km" Not applicable 2007 survey (Reyes-Garcia et
territory al., 2008)
Number of runs | 10,000 Not applicable

Note: SD= standard deviation







Table 4. Results of Monte Carlo simulations of forest clearance among Tsimane’

Year of turning

point in forest clearance:

Km” forest
Years to reach Km? cleared during year of | Cumulative forest (km?) cleared by year | remaining
Statistic turning point turning point of turning point (3451 —[c])
[a] [b] [c] [d]
Value in 2008 NA 16 NA 3451
Mean 59 76 2361 1120
Median 58 46 1436 2015
Standard 11 140 4142 NA
deviation

Note: See Table 3 for assumptions. NA = not applicable.
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Notes

' We stress the specific role of income on forest clearance among native Amazonians,
but Terborgh (1999) notes that Westernization and population growth among native
Amazonians might be the culprits behind conservation. To take into account Terborgh’s

point, in the analysis presented later we control for Westernization by measuring years of

completed schooling and we control for population by measuring household size.

il

See Suri and Chapman (1998) for a review of the literature of how industrial nations
displace environmental costs to low-income nations.

' The words normal and inferior carry no value judgment; they are technical terms that
summarize the possible relation between income and the consumption of a good or
service.

™ Other possible reasons for the weak results include: (a) random errors in the measure of
income, (b) low levels of income, typical of indigenous populations in Latin America

(Hall and Patrinos, 2006;Lunde et al., 2007), (c) small variation in income levels, and (d)

absence of a true relation between income and forest clearance.
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" For details on the methods used to test the exogeneity of income, see Wooldridge
(2003).

¥I The use of household rank as an instrumental variable for household income passes the
over-identification test (column [4], Table 2).

vi During 2002-2006, the exchange rate of bolivianos to one US dollar averaged 7.4.
International studies suggest that the turning point of forest clearance at present is about
2-3 times higher than mean current income (Barbier and Burgess, 2001).

¥il One other result deserves brief mention even though it is not directly related to the
main thrust of the paper. The results of Table 2 suggest that the coefficient of the
variable for the year of the survey or the annual rate of forest clearance barely reached
0.10%, half as much as the rate for the department of Beni (0.21%/year) (Killeen et al.,
2007). This provides tangential evidence that the amount of forest clearance by native
Amazonians is lower than the amount of forest clearance by other actors.

™ Bhattari and Hammig (2001) note that the fixed-effect model might be more
appropriate in estimating the effect of income on forest clearance. Although we ran the
main regressions with household fixed effects, in the robustness analysis we decided to
check and see whether results stood up to the use of household random effects.

* For a review of the literature on the biological richness of fallow forests, see Godoy

(2001, p. 71), Stock (2005), Heckenberger et al.(2003), and Schwartman et al. (2000).
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