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Abstract

As part of global targets to reforest the world, many developing countries have made ambi-
tious commitments to rapidly expand the area of plantation forests. In many cases, these
commitments have been motivated by a desire to encourage rural economic development
and improve living standards for marginalized, rural communities. However, evidence
of the economic impacts of plantation forests are scarce—obtaining causal evidence on
how plantations affect rural communities is challenging, as plantations typically expand
into regions where returns to investments are expected to be higher. This paper helps fill
this gap by exploiting quasi-experimental variation underpinning the expansion of forestry
plantations in Chile. In 1974, a program began selectively subsidizing forestry plantations,
leading to a differential pattern of expansion of forestry plantations on subsidy-eligible land
vis-à-vis land that was not eligible. We exploit this differential pattern by instrumenting
the fraction of forestry plantation in a given location with the interaction of the fraction
of subsidy-eligible land and distance to pulp mills built before 1974. We find that, by
2014, forestry plantations had led to a decline in the share of grasslands and native vege-
tation, land uses that had traditionally supported rural populations. This transformation
of rural land use was associated with a dramatic shift in local labor markets—plantation
expansion drove a sharp decline in rural populations, as well as a decline in labor market
participation and an increase in unemployment. Although some rural inhabitants were
able to migrate away from labor markets that had been weakened by plantation forestry,
we provide evidence suggesting that more culturally and economically vulnerable groups
faced high frictions that prevented their out-migration. In aggregate, Chile’s plantation
forests appear not to have delivered the rural, economic gains that motivate many public
policies supporting plantation expansion.

†Bren School of Environmental Science & Management, University of California Santa Barbara. ‡ Environmental Studies
Program, University of California Santa Barbara.



1. Introduction

The modernization of agriculture is often accompanied by massive dislocation in the coun-

tryside, as observed in the enclosures of 18th century Britain (Acemoglu et al., 2005), the

development of export-oriented agriculture in 19th century Mexico (Coatsworth, 2004), or

the arrival of sugar cane plantations in 20th century Panama (Gudeman, 2013). It is often

argued that short-term costs associated with these transformations are worth the long-run

benefits delivered by modern economic growth. Whether this is the case or not hinges upon

the productivity gains brought by novel agricultural methods and products, linkages be-

tween new economic activities and the rest of the local economy, and the capacity of rural

inhabitants to adjust to economic changes through migration or the acquisition of new skills.

Forestry plantations stand in sharp contrast to sugarcane or palm trees, for which recent

studies have found positive long-run economic impacts (Edwards, 2019; Dell and Olken,

2020). Forestry plantation have low labor intensity, long harvest cycles that are not well

suited for small landholders, and few linkages with local economies. In addition, forestry

plantations have been linked to numerous negative externalities at the local level, such

as water shortages (Little et al., 2009; Switzer, 2014) and the loss of native vegetation and

biodiversity (Heilmayr et al., 2020). For these reasons, forestry plantations may significantly

disrupt rural livelihoods while failing to ignite modern economic growth in the countryside.

This paper studies the introduction of forestry plantations of exotic species—mostly Mon-

terey Pine and Eucalyptus—in southern Chile. A subsidy covering up to 75% of the cost

of establishing new plantations on degraded lands was started in 1974. The area of land

covered by plantation forests has since grown by more than 2000% (Instituto Forestal, 1976,

2018), especially close to pulp mills. These mills are multi-million dollar investments that

require a large catchment area of plantations nearby, which generates a distinctive pattern

2



in the location of forestry plantations: they extend further away in eligible land relative to

non-eligible land. We show this pattern is predicted by a simple model where plantations

are placed to minimize the total cost of feeding a mill, and use satellite-derived land-cover

maps from Zhao et al. (2016) in combination with land-type maps made by the Chilean

Center of Information on Natural Resources to document that the location of plantations

conforms with the hypothesized pattern by 2014.

We exploit this patter to estimate the causal impact of forestry plantations on local economies

using a Bartik-like instrument, with the fraction of eligible land being the shares and dis-

tance to the closest pulp mill being the shift. The identification assumption takes the form of

parallel trends between both land types on distance to the pulp mill in the absence of plan-

tations. Reduced form regressions show that predetermined characteristics display parallel

trends between both land types, providing support to this assumption.

We find that forestry plantations significantly reshaped local landscapes by 2014. An increase

equal to the interdecile range of the fraction of forestry plantation (from 0, the first decile, to

0.48, the ninth decile) reduced the fraction covered by native vegetation and grassland by 30

and 29 percentage points, while plausibly increasing the area of cropland by 18 percentage

points. These results suggest plantations led to an intensification of agricultural production,

limiting rural inhabitants’ access to forest resources and grassland.

In response to this transformation in land use, the size of the rural population shrank

significantly. Using 2017 locality-level census data, we estimate that a 48 percentage point

increase in plantation area reduced local population by 67%. This reduction was likely the

response to deterioration in employment opportunities. A large, 22 percentage point decline

in the fraction of individuals that have migrated from other municipalities further supports

this interpretation, as migrant workers are likely to avoid locations with poor employment
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opportunities.

Notwithstanding this large reduction in local population, local labor markets have not yet

recovered. A 48 percentage point increase in plantations led to an 11 percentage point

decline in the labor market participation rate and a 1.1 percentage point increase in the

unemployment rate. While these estimates are not statistically significant, they are larger

and statistically significant for younger cohorts.

Sustained deteriorations in labor market conditions are likely to reflect frictions limiting the

capacity of vulnerable groups to migrate. While migration is likely to have played a role in

accommodating the structural change of the local economy, as reflected in the sharp decline

in local population, compositional changes in the population suggest vulnerable groups are

likely to have been left stuck with deteriorating labor market conditions. Cohorts that

completed their education before the growth of plantation forest show a sharp fall of 3.4

years of schooling for a 48 percentage point increase in plantations, which can only be

explained by compositional changes in those cohorts. This suggests that better educated

workers adapted to deteriorating labor market conditions by migrating to other regions with

better employment opportunities, while low skill workers faced higher barriers to adapt in

the same fashion. In addition, the fraction of indigenous individuals dramatically increased

by 40 percentage points for a 48 percentage point increase in plantations, suggesting that

indigenous people might also face greater frictions preventing outmigration in response to

unfavorable labor market conditions.

It is still possible for groups stuck with deteriorated labor market conditions to benefit in

the long-run from higher economic growth in their local economies, either directly from jobs

that pay more even if they are more unstable, or indirectly from family members and local

government as they become wealthier. No impacts on the trajectory of growth on nighttime
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intensity between 1992 and 2013 suggest forestry plantations have not had a meaningful

impact on local economic activity. Even if this result was a reflection of the limitations of

nighttime lights to capture economic activity, we find that an hypothetical increase in local

economic activity has not trickled down to the bottom of the economic ladder, as forestry

plantations have not improved housing conditions.

These results relate to a growing body of research studying the impacts of large-scale agri-

culture on rural landscapes. Dell and Olken (2020) show that the imposition of forced

sugarcane cultivation in 19th century Indonesia led to higher levels of income and education

in the long run, even though it was brutally imposed on local populations by the Dutch. Ed-

wards (2019) presents evidence from a more recent period in the same region, showing that

the expansion of palm trees in Indonesia has led to a reduction in poverty. The impacts of

forestry plantation of exotic species are likely to differ from that of sugarcane or palm trees,

as they lack deep linkages to the rest of the economy, their time horizon tend to exclude

small landholders, have low labor intensity, and generate numerous negative externalities at

the local level.

Estimating the long-run impact of forestry plantations is challenging, as companies strategi-

cally decide where to place plantations based on the expected growth of profitability across

different regions throughout the long-term investment horizon of plantations. This chal-

lenges the causal interpretation of a growing body of studies that use longitudinal data for

administrative units to estimate the impacts of forestry plantations (Andersson et al., 2016;

Carte et al., 2021; Hofflinger et al., 2021; Afonso and Miller, 2021). While fixed effects

can control for immutable confounders, locations that differ on immutable characteristics

are likely to experienced differential trends in development. The underlying factors deter-

mining these differential trends are likely to be correlated with the growth of plantation

forestry, and thus bias estimates from fixed effects specifications. In addition, the non-
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stationarity of plantations and most outcomes of interests, such as poverty or income, limits

our capacity to study long-run effects using longitudinal data, as properly taking into ac-

count non-stationarity requires to only exploit short-term deviations from long-term trends

(Phillips and Moon, 2000).1 In consequence, studies using panel regression methods are

unlikely to capture the long-run dynamics needed to study the potential trade off between

short-run disruptions and long-run development.

To the best of our knowledge, only Nilson et al. (2021) complement their fixed-effect specifi-

cation with an instrumental variable approach that exploits cross-sectional variation. How-

ever, their use of distance to pulp mills as their instrument is likely problematic, as pulp

mills are strategically placed in locations with good connectivity, easy access to water, and

good suitability for forestry plantations. These confounders are not only likely to affect the

level of economic development, but the rate of economic growth as well. Our paper con-

tributes to the growing body of studies on the impacts of plantations by proposing a novel

identification strategy that relies on cross-sectional variation, informed by a simple model

of optimal plantation placement that delivers plausibly exogenous variation in the reduction

of the fraction of plantation forests as distance to pulp mills increases across different land

types. Thus, our specification controls for distance to the pulp mill and for the type of

land, using the interaction of both as an instrument. In addition, we present novel evidence

suggesting that migration frictions might explain why plantations fail to deliver better living

conditions in the long-run.

1Previous studies in Chile have ignored the problem of non-stationarity, which render their estimators
inconsistent.
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2. A natural experiment based on plantations’ optimal

placement

Consider a pulp mill located at zero in the real line. Each location i ∈ R has a continuum

unit of land with varying levels of forestry suitability given by uj ∼ U(0, 1). Locations to

the right of the pulp mill (i > 0) are eligible for a subsidy (ei = 1), while locations to the

left (i < 0) are not (ei = 0). The cost of planting a tree in location i with suitability uj is

ci = α− βei + γdi + uj, (1)

where di = |i| is distance to the pulp mill. For a given amount of plantation L, the total

cost will be minimized by selecting a threshold T such that

∫ ∞

−∞

∫ 1

0

1(α− βei + γdi + uj < T )djdi = L.

Panel a of Figure 1 shows the location of plantations that minimize the total cost. As the

cost in land that is not eligible is shifted up, a larger fraction of plantations will be placed

in eligible vis-á-vis not eligible land at any given distance. Importantly, plantations extend

further from the pulp mill in eligible lands, creating a segment between d0 and d1 where

the fraction of plantations in both types of lands do not follow parallel trends, as shown in

panel b of Figure 1.

This model suggests that the fraction of plantations in a given locality should be predicted

using distance to the closest mill, the fraction of eligible land, and the interaction between

both. Note that the kink at d0 for not eligible land requires the use of a flexible specification

that can allow for this non-linearity. Splines are well suited to parsimoniously deliver such
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Figure 1: (a) Location of plantations on eligible land (right, bold blue) vs. non-eligible
land (left, bold red). (b) Fraction of plantations in eligible and non-eligible land (green
and red, respectively) as distance to the pulp mill increases.

flexibility. Hence, we assess the relevance of the model for the location of plantations in

Chile as of 2014 using the following linear specification:

Plantationsij = αj + βEligibilityij + S(dij)∆ + Eligibilityij ∗ S(dij)Θ + εij, (2)

where Plantationsij is the fraction of plantations in locality i with closest mill j, αj a mill-

specific intercept, Eligibilityij the fraction of land eligible for the plantations subsidy in

location i, S(dij) a spline vector on the euclidean distance between location i and mill j,

and εij a zero-mean disturbance.
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Note that the linear relationship between the fraction of plantations (up to reaching zero)

and distance to the closest pulp mill in both types of land in Panel b of Figure 1 follows

from the distributional assumption of the random component of the cost in equation 1.

Other distributions will create non-parallel patterns between δ0 and δ1, which we explore

by estimating equation 2 using knots in the spline every 5 kilometers (up to 185 kilometers,

after which there are no plantations in neither type of land).

Panel a of Figure 2 presents the results. Colored bubbles show the fraction of land in a

census locality that is covered by plantations as a function of distance to the closest pulp

mill (x-axis) and the fraction of the location that is eligible for the plantation subsidy (color;

from red when all land in not eligible to blue when all land is eligible). Bold lines represent

the predictions of Equation 2 for hypothetical locations placed every kilometer whose land

is either fully eligible for the subsidy (blue) of fully not eligible for the subsity (red). Even

though estimates exhibit a lot of noise at small scales, plantation cover follows similar trends

across both eligible and non-eligible lands until the distance to the closest pulp mill reaches

about 60 kilometers. At this point, the share of plantation forestry in non-eligilble lands

quickly collapses to near zero, to then slowly fall in both types of lands at different rates

until reaching zero in both types of land at around 180 kilometers.

This pattern can be parsimoniously captured using two knots. We let the data select the

location of the knots by running the model through all possible combinations of knot posi-

tions in a grid of 100 evenly spaced points between the minimum distance (1.7 km) and the

maximum (185 km)—4,950 possibilities. Reassuringly, the selected knots are 58.6 and 64.5,

capturing the abrupt decline in forest plantations in non-eligible lands in that segment.

We exploit the non-parallel relationship between distance to the closest pulp mill and the

fraction of plantation forests across locations with different fraction of land that is eligible for
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Figure 2: (a) Colored bubbles show the fraction of land covered by plantations by distance to closest pulp
mill (x-axis) and the fraction of the location that is eligible for the plantation subsidy (color; from red when
all land in not eligible to blue when all land is eligible). (b) Same as (a), but restricting the spline to two kink
optimally chosen to minimize the mean quadratic error, and imposing the first segment to follow parallel
trends between eligible and not eligible land.

the plantation subsidy to estimate the causal impact of forestry plantations on land cover,

labor market conditions, and proxies of economic development. Specifically, we use the

interaction between the spline and the fraction of eligible land in Equation 2 (Eligibilityi ∗

S(di)) as instruments for the fraction of plantation forests. The instrument operates as a

Bartik instrument, with the fraction of eligible land being the shares and distance to the

pulp mill being the shift. Note that this strategy could be used for any crop where there

is heterogeneity in suitability across land types, although the subsidy likely exacerbates the

difference in the trends across land types, providing more power in this case.

Column 1 of Table 1 present the results of the first stage with the optimally chosen knots.

Standard errors are clustered at the Municipality level. The joint hypothesis that the instru-

ments have zero impact on plantation forests is strongly rejected, with an F-statistic of 10.7.

Note however that the first instrument is not significant at conventional levels. Column 2

drops this instrument, imposing parallel trends between eligible and non-eligible lands up

to the first knot, to achieve a more parsimonious specification. The joint significance of
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the instruments improves, with the F-statistic reaching 14.6, and the specification has the

additional parsimonious feature that the first and third segments of non-eligible lands have

the same slope (δ̂1 = δ̂2), and that the first and second segments of eligible lands also share

the same slope (δ̂1 = θ̂1). Panel b of Figure 2 plots the results of this specification, which

we select as our first stage in the analysis that follows.

Table 1: First Stage

Dependent variable is fraction of plantation forest
(1) (2)

δ0: Distance to pulp mill (di) 0.0014 -0.0004
(0.001) (0.001)

δ1: (di ≥ 58.6)(di − 58.6) -0.0249 -0.0162
(0.005) (0.006)

δ2: (di ≥ 64.5)(di − 64.5) 0.0230 0.0162
(0.005) (0.005)

β: Fraction eligible land (ei) 0.3336 0.2270
(0.085) (0.035)

θ0: eidi -0.0031
(0.002)

θ1: ei(di ≥ 58.6)(di − 58.6) 0.0312 0.0162
(0.011) (0.008)

θ2: ei(di ≥ 64.5)(di − 64.5) -0.0308 -0.0189
(0.010) (0.008)

F-statistic 10.7 14.6
Observations 5,688 5,688
Clusters 148 148

Clustered standard errors at the municipality level in parenthesis below point estimates.
All specifications include closer-mill fixed effects. F-statistic refers to the F-statistic of the
joint hypothesis that the instruments are equal to zero (θ0 = θ1 = θ2 = 0 in column 1,
θ1 = θ2 = 0 in column 2).

If the exclusion restriction holds, the instruments should have no joint effect in reduced form

regressions on predetermined variables. Figure 3 shows that this is the case for five variables

capturing predetermined characteristics of localities that could not be affected by forestry

plantations: average elevation in panel a, average slope in panel b, standard deviation of

the slope in panel c, distance to the closest main town (municipal capital) in panel d, and
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the natural logarithm of the area in panel e. The panels depict reduced form regressions on

these variables using the same linear model of column 2 of Table 1. The results stand in

sharp contrast to that of the first stage shown in panel b of Figure 2, with small differences

in the relationship between distance to the closest pulp mill and the dependent variable for

eligible and non-eligible lands. Panel f shows the results from F-tests that assess whether

there are statistically significant differences in these patterns. It presents first the F-statistic

of the first stage as a benchmark, for which the null hypothesis that the instruments have

no joint effect is resoundingly rejected at the 0.1% level of confidence. We cannot reject the

same null hypothesis at the 10% level for four out of the five predetermined variables. The

one exception, mean slope, is only marginally rejected at the 5% level. We include mean

slope as an additional control in the regressions that follow in the paper.

3. Data

We rely on seven sources of data. Land cover raster data at 30 meter resolution for the

study region for 2014 are obtained from the public repository published by Zhao et al.

(2016). Vector data categorizing land in eight types according to soil quality and topographic

characteristics where provided by the Center of Information on Natural Resources (CIREN),

a subsidiary of the Chilean Ministry of Agriculture. Micro data from the 2017 census

were obtained from the National Institute of Statistics, which is located within the Chilean

Ministry of Economics. The data is accompanied by vector data on rural localities, the

smallest census unit that can be linked to the microdata. Each locality is part of a district,

which in turn is part of a municipality, the smallest administrative unit in Chile. The

location of pulp mills was obtained from the 2020 Primary Forestry Cadaster produced by

the National Corporation of Forestry Development, an agency within the Chilean Ministry

of Agriculture. For the 11 pulp mills in the Cadastre, we complement the information by
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finding the year each one was built from diverse sources.2 Topographic characteristics of

each locality (elevation and mean and standard deviation of the slope) are calculated in

Google Earth Engine from a 30 meter resolution Digital Elevation Model produced by Farr

et al. (2007). Vector data containing the location of municipal capitals were download from

the Centre of Sustainable Urban Development of Pontificia Universidad Católica de Chile3.

Finally, annual average nighttime light intensity between 1992 and 2013 are calculated for

each locality in Google Earth Engine using imagery collected by the Defense Meteorological

Program Operational Line-Scan System.

We focus on the eight pulp mills that were built before 1970 for the analysis, as pulp mills

built after 1974—when the decree that established subsidies for plantations forests (DL 701)

was published—are likely to have been strategically placed where there was already a high

concentration of plantations. Then, we select all localities located within 200 kilometers of

one of these pulp mills, and calculate for each one of them the fraction of their area covered by

plantation forests and by land types that are eligible to receive the subsidy as established in

DL 701 (only land types 5 to 8 are eligible, which represent soils exhibiting varying degrees of

degradation). We also calculate for each locality the fraction of land covered by land-cover

classes other than forestry plantations and water (cropland, grassland, native vegetation,

bare soil, wetlands, and impervious surfaces). Finally, we calculate the euclidean distance

to the closest pulp mill built before 1974, distance to the closest municipal capital, the area

in hectares, and add the topographic information calculated in Google Earth Engine. These

localidad-level data are linked to census data at the individual- or household-level microdata

from the census to conduct analysis at those levels.

2This information, including the sources, is available upon request.
3http://datos.cedeus.cl/layers/geonode:cl capitales comunales geo
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4. Results

We estimate the causal impact of the fraction of plantation forest on a given census locality

on different outcomes by estimating the following linear model:

Yij = αj + βP lantationsij + γEligibilityij + S(di)∆ + ηij, (3)

where Yij is an outcome of interest in locality i with closest mill j, Plantationsij is the

fraction of plantations in the locality, αj is a mill-specific intercept, Eligibilityij is the

fraction of land eligible for the plantations subsidy, S(dij) is a spline vector on the euclidean

distance between location i and mill j, and ηij a zero-mean disturbance.

We instrument the fraction of plantations by the interaction between eligibility and the

spline, and report estimates from the two-stage General Methods of Moments estimator

with standard errors clustered at the municipality level. We also report Ordinary Least

Squares (OLS) estimates for comparison.

Figure 4 shows the results when using the fraction of land covered by land-cover classes other

than forestry plantations. By construction the sum of these estimates is -1, as an additional

hectare of plantation implies a reduction of one hectare in all other land-cover classes.

Note that changes in land cover composition from more plantations will include both direct

effects—i.e. a plantation is placed in a plot that used to be covered by crops—and indirect

effects—i.e changes in labor market conditions change the relative profitability of different

land uses. OLS estimates show that an additional hectare of plantations is associated with

a decrease in cropland, grassland, and native vegetation, in similar proportions. The IV

estimates tell a different story: the less intensive land cover types, grassland and native

vegetation, declined by a similar proportion, while the fraction of cropland did not decline.
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It is possible that the area of cropland actually increased, as the point estimate is large

although not statistically different from zero.

To assess the economic relevance of these results, it is useful to predict the impacts of an

increase in the fraction of plantation forest equal to the interdecile range (from the first

decile, 0, to the ninth decile, 0.48). This increase leads to a decline of 30 percentage points

in the fraction covered with grassland, 29 percentage points in the fraction covered by native

vegetation, and plausibly an increase of 18 percentage points in the area covered by crops.

This constitute a radical transformation of a rural landscapes, significantly increasing the

intensity of land use. It is likely that, as a consequence, rural inhabitants experienced more

limited access to traditional resources gathered from native forests, as well as to grasslands

Figure 4: Effect of plantations on land cover. Estimates of β from Equation 3 when instrumenting the fraction
of plantation forests (blue) and when using Ordinary Least Squares (red). White diamonds represent point
estimates and wide and narrow blue bars represent 90% and 95% confidence intervals.
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where they could to feed their livestock. Qualitative accounts document that diminished

access to these traditional resources has put considerable stress on the livelihoods of rural

inhabitants that have faced a large growth of forestry plantations since the 1970s (Catalán

and Ramos, 1999; Romero and Fuentes, 2007; Klubock, 2014; Monje-Hernández, 2020).

This massive reorganization of economic activity may have depopulated the countryside, as

individuals adapted to reductions in labor demand and restricted access to natural resources

by migrating to other regions. Table 2 suggests that a large share of workers did adapt by

emigrating. Although we do not observed emigration directly, the total number of people

inhabiting a locality reflects the extent to which the labor market has adapted to a decline

in labor demand by shrinking, through a combination of increased emigration and decreased

immigration. Columns 1-2 of Table 2 show that populations in localities that experienced a

large increase in forestry plantations collapsed, confirming the findings of Carte et al. (2021).

Column 1 shows the estimate using OLS, revealing a strong negative association between

plantations and population. An increase of 48 percentage points in the fraction of plantation

coverage—the interdecile range—leads to a fall of 0.68 log points in total inhabitants, i.e a

48% fall, significant at the 1% level. The IV estimate suggests this estimate is biased toward

zero, delivering a larger reduction of 1.11 log points, i.e a 67% fall, significant at the 5%

level.

Columns 3-4 of Table 2 show that the number of migrants, defined as individuals whose

mothers lived in a different municipality when they were born, experienced a sharp decline

as well. The OLS estimate in this case is severely biased, showing plantation forests are

associated with a small non-significant increase in the fraction of migrant persons. The IV

estimates tell a completely different story that is consistent with a declining population: An

increase in plantation coverage equal to the interdecile range—48 percentage points—leads

to a 0.21 percentage point decline in the fraction of migrant persons. It is reasonable to
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Table 2: Effect of plantations on population

Dependent variable is:
Log # inhabitants Migrant person
(1) (2) (3) (4)

Fraction
Plantations

-1.39 -2.33 0.01 -0.44

(0.22) (1.01) (0.06) (0.26)
Estimator OLS IV OLS IV
Observations 5,253 5,253 1,235,403 1,235,403
Clusters 134 134 134 134

Clustered standard errors at the municipality level in parenthesis below point estimates. All
specifications include closer-mill fixed effects. Observations are census locality in columns
1-2 and an individual in columns 3-4.

observe such a large effect given the large decline in the total number of inhabitants, as

migrants tend to move to places where employment opportunities are growing, not where

they are shrinking.

Has emigration helped local labor markets accommodate the new economic structure of lo-

calities? Figure 5 studies this question by showing estimates of the impact of plantations

on the participation and unemployment rates for different cohorts. OLS estimates suggest

forestry plantations did not have a long-run effect on these statistics: forestry plantations are

linked to a small, non-significant decrease in the participation rate and a precisely estimated

zero effect on the unemployment rate. In contrast, IV estimates suggest labor market condi-

tions deteriorated as plantation forests increased. An increase of 48 percentage points—the

interdecile range—in the proportion of plantation coverage leads to an 11 percentage point

decline in the participation rate and an increase of 1.1 percentage points in the unemploy-

ment rate across all cohorts. However, neither of these estimates are statistically significant.

Nevertheless, these estimates mask an interesting heterogeneity across cohorts. In the case

of the participation rate, individuals aged between 30 and 44 years experienced the most

severe decline, 16.4 percentage points. Similarly, younger cohorts (15 to 29 years old) expe-
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(a) Participation (b) Unemployment

Figure 5: Effect of plantations on participation (a) and unemployment (b) rates across cohorts. Estimates
of β from Equation 3 when instrumenting the fraction of plantation forests (blue) and when using Ordinary
Least Squares (red). White diamonds represent point estimates and wide and narrow blue bars represent
90% and 95% confidence intervals.

rienced the largest increase in unemployment rates (3 percentage points). Both estimates

are significant at the 10% level.

Long-term deteriations in labor market conditions suggests that some workers are likely to

have faced frictions preventing migration. Figure 6 shows that average years of education

have dramatically declined, especially in older cohorts. OLS estimates are, once again, off

the mark, implying a small negative association between plantations and years of education.

The IV estimate shows, in contrast, that an increase of 48 percentage points—the interdecile

range—leads to a 2.57 year decline in education completed, an impact that is significant at

the 5% level. Moreover, the effect is stronger for older cohorts, even in those that completed

their education before the expansion of plantations started in 1974 (those aged 60 or more).

For these cohorts, the large effects may reflect that better educated individuals were more

likely to migrate out as plantations expanded.4

4The small effect observed in the younger cohort (0-14) is likely due to the sustained increase in access
to education in Chile, which has led to sustained improvements in graduation rates from primary school and
highschool across the board since the 1960s. For other cohorts educated after 1974, the negative impacts
are plausibly a combination of being born from parents that have less years of education on average and
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Figure 6: Effect of plantations on schooling across cohorts. Estimates of β from Equation 3 when instrument-
ing the fraction of plantation forests (blue) and when using Ordinary Least Squares (red). White diamonds
represent point estimates and wide and narrow blue bars represent 90% and 95% confidence intervals.

Another group of individuals that are likely to face higher restrictions to migrate out of

deteriorating labor market conditions are indigenous people, both because they are poorer

and because they are possibly more attached to the localities where they were born. Table

3 shows estimates of the impact of forestry plantations on the fraction of indigenous people.

The OLS estimate, presented in column 1, shows there is a weak positive association between

plantation forests and the fraction of indigenous people. IV estimates show a much stronger

positive relationship, significant at the 10% level: an increase in plantations of 48 percentage

points—the interdecile range—leads to an increase of 40 percentage points in the fraction

of indigenous people.

impacts of plantation forest in the local supply and demand for education. Unfortunately, our data does
not allow us to differentiate these channels.
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Table 3: Effect of plantations on fraction of indigenous people

Dependent variable is person self-identifies as indigenous
(1) (2)

Fraction Plantations 0.09 0.85
(0.08) (0.47)

Estimator OLS IV
Observations 1,235,403 1,235,403
Clusters 134 134

Clustered standard errors at the municipality level in parenthesis below point estimates. All
specifications include closer-mill fixed effects.

Although local labor market conditions deteriorated, it is still possible that forestry plan-

tations could have boosted economic growth at the local level. If this is the case, a local

economy that creates more value may indirectly benefit individuals that faced limitations

to migrate if wealth ‘trickles down’ to them. We explore whether this is the case with a

commonly used proxy of economic activity: nighttime light intensity. Note that estimates of

the effect on levels of average nighttime intensity across rural localities will be too imprecise,

as in rural localities the fraction of the area where small villages have detectable nighttime

lights is too small. For this reason, we analyze the impact of plantations on the growth of

average nighttime light intensity across localities, by setting the dependent variable equal

to the natural logarithm of average nighttime light intensity in year t > 1993 minus the

natural logarithm of average nighttime light intensity in 1992. That is, we study whether

localities with more plantation forest have experienced differential economic growth trajec-

tories (as proxied by nighttime light intensity) between 1992 and 2013. Figure 7 shows the

results. While IV estimates are much less precise than OLS estimates, they both suggest

that plantations have not impacted the trajectory of local economic growth in localities as

proxied by nighttime light intensity.

These results suggest that plantations left vulnerable households stuck in a deteriorated

labor market, without offsetting these impacts through increased economic activity in their
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Figure 7: Effect of plantations on nighttime light intensity. Estimates of β from Equation 3 when instrument-
ing the fraction of plantation forests (blue) and when using Ordinary Least Squares (red). White diamonds
represent point estimates and wide and narrow blue bars represent 90% and 95% confidence intervals.

localities. It is possible that the living conditions of those that are most vulnerable are

negatively impacted by plantation forests. Census data provides household-level data to

study the impact of plantations on the left tail of the wealth distribution. While more than

95% of households lived in houses built from sturdy material by 2017, the most vulnerable

households still lived in houses with dirt floors or built from discarded materials or cardboard.

We define a household as being precarious if its house is built from discarded materials or

cardboard, or if it has a dirt floor. Table 4 shows that plantations forest have had no

detectable impact on the fraction of precarious households.
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Table 4: Effect of plantations on fraction of precarious households

Dependent variable is indicator of precarious household
(1) (2)

Fraction Plantations -.004 0.015
(0.007) (0.038)

Estimator OLS IV
Observations 427,817 427,817
Clusters 134 134

Clustered standard errors at the municipality level in parenthesis below point estimates. All
specifications include closer-mill fixed effects.

5. Conclusions

This paper brings novel causal evidence on the long-run impact of forest plantations on

the economic development of the rural landscapes where they are placed. It proposes a

novel cross-sectional instrumental variable approach that exploits the optimal placement

of plantations from pulp mills in land that is eligible for a subsidy vis-á-vis land that is

not eligible since 1974 in Chile. The specification controls for distance to the pulp mill

and eligibility for the subsidy, and uses the interaction as an instrument. To explore the

plausibility of our instrument’s exclusion restriction, we provide a series of regressions that

show the instrument’s null effect on a variety of predetermined variables.

By exploiting plausibly exogenous, cross-sectional sources of variation in the presence of

forestry plantations, this study is well suited to assess the long-term impacts of plantation

forests. We show that the growth of forestry plantations in Chile since 1974 has led a

reorganization of economic activity in local economies, decreasing land uses associated with

traditional rural livelihoods (native vegetation and grassland). While rural population fell

sharply in response, local labor markets still exhibited heightened unemployment rates and

lower participation rates. This might be the case because some workers faced frictions

preventing out migration. A large decline in years of education in cohorts educated before
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the rise of forestry plantations, and a large increase in the fraction of indigenous people,

suggest this was the case, with better educated, non-indigenous individuals migrating out

to escape deteriorating labor market conditions.

The demise of the traditional rural economy was not followed by accelerated economic

growth. Forestry plantations are not associated with more economic growth as proxied

by the evolution of nighttime lights intensity between 1992 and 2013, nor with a reduction

in extreme poverty as measured by the fraction of households that live in precarious housing.

These results suggest forestry plantations have failed to deliver prosperity to rural com-

munities in the long term, with more vulnerable populations—such as indigenous people

and low-skill workers—being stuck in a deteriorated labor market. Future version of this

manuscript will explore the specific externalities through which forestry plantations have

limited employment opportunities (for example, accentuated water scarcity), and will use

newly georeferenced data from the 1992 census to assess the rate at which local labor markets

have adjusted to the economic transformations brought about by the expansion of plantation

forestry.
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