o N O b~

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

Creating protected areas on public lands: is there room for additional conservation?

Rodrigo A. Arriagada®”, Cristian M. Echeverria?, Danisa E. Moya®

1 Department of Agricultural Economics, Center for Applied Ecology and Sustainability,
Interdisciplinary Center for Intercultural and Indigenous Studies, Pontificia Universidad Catolica
de Chile, Santiago, Chile, 2 Department of Forest Management and Environment, Universidad de
Concepcion, Concepcidn, Chile, 3 Department of Agricultural Economics, Pontificia Universidad
Catolica de Chile, Santiago, Chile

* E-mail: rarriagadac@uc.cl



28

29

30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

50

51

52

53

Abstract

Establishing protected areas (PAs) has been the most common conservation measure around the
world. The Chilean PA system is second in Latin America and seventh worldwide in terms of %
of national coverage. Answering the question whether PAs "work™ is complicated because their
impacts are not directly measurable. Most evaluations rely on indirect estimates based on
comparisons between protected and unprotected areas, and such methods can be biased when
protection is not randomly assigned. This present research estimates, using matching methods, the
causal impact of Chilean PAs as measured by deforestation avoided. Using conventional
approaches, results indicate 17% greater deforestation without protection. Correcting for selection
bias, matching results show only a 5% avoided deforestation. These results indicate how
conventional methods tend to overestimate protection impacts and illustrate how improvements to
select appropriate unprotected lands to compare with PSA outcomes can be made. Using only
public lands to construct counterfactual scenarios leads to estimates of no additional conservation
benefits. A potential explanation, in the Chilean context, is that public lands similar to PAs are
already well managed, so converting these lands to PAs provides few additional benefits. These
results raise important questions, as to the relative costs of different public land management
strategies, and whether there are any particular types of public lands where conversion to PAs
would have greater impact. These results also suggest that conversion of private land to PAs may
offer greater additional conservation benefits, although costlier for governments and society as a
whole. Our analysis indicates that the Chilean government would do well strategically to commit
to keep natural forests on public lands alongside the PA network.

JEL Codes: Q58, Q57, Q56, Q01

Keywords: protected areas, avoided deforestation, public land, matching, impact evaluation
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1. Introduction

Changes in land use are among the most important human alterations of the Earth’s land surface
(Turner et al., 1990; Lambin et al., 1999). As a response to the past consequences and the perceived
potential future impacts of large-scale land use changes, private actors and governments have
significantly increased the number of protected areas (PAs) to conserve natural landscapes [3,4].
In the context of less developed countries, not only has the public demand for land for conservation
increased, as revealed by government policies, but also the overall demand for land for agricultural
production, urban and suburban expansion, and other activities (Robalino, 2007). Despite the
expansion in PAs in less developed countries (including Chile), not much is known both about the
policy process determining the establishment of PAs, and about how successful such areas have
been in contributing to their conservation objectives [6]. To inform decision makers regarding any
new investments in land conservation, a better understanding is needed regarding where previous
PAs have been placed and how effective have been these past conservation investments.

In most countries, governments have not randomly distributed PAs geographically [4], in part due
to historical patterns of state land ownership. In-situ biodiversity conservation, for example, has
traditionally relied on PAs, and historically such areas often consisted of already public lands [7].
Regardless of the scientific and public-choice factors underlying the establishment of PAs, if their
resulting distribution is biased to favor areas of lower conservation threats, then most previously
used methods will tend to overestimate the effectiveness of protection for reducing harmful land
use and land cover changes (LULCC) [8,9]. This present paper addresses these selection effects.

In terms of effectiveness of PAs, the question of the impact of PAs on LULCC is complicated,
because avoided changes to land are not directly measurable. Daniela Miteva et al. [6] summarize
the studies that use rigorous empirical designs to quantify the impacts of PAs, finding that these
studies have focused predominantly on the effectiveness of PAs in preventing deforestation, most
often measured as a binary outcome at the 30x30 meter pixel level [6]. Most of these studies apply
empirical designs where PAs are compared with observationally similar unprotected lands (after
removing non-comparable areas, such as indigenous reserves or private PAs), but without
distinguishing between private and government lands as comparable control areas. This empirical
strategy, however, ignores that traditional PA systems are usually based on converted, long-held
government lands, which perhaps have different land use regimes relative to private lands. An
important question for the PA decision process is, What are the effects of establishing PASs in
comparison with the counterfactual scenario obtained from government land without PAs?

This paper corrects these problems with selection bias and the proper choice of the controls in
evaluating the impacts of PAs, presenting causal estimates of their effectiveness in Chile. The paper
demonstrates that evaluations can be substantially improved by controlling for biases along
dimensions that are observable. We address two main research questions: What is the impact of
Chilean PAs on avoided deforestation between 1986 and 2011? And, how do estimates of the
impacts of PAs vary when using only public land as matched control units? This research effort
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constitutes the first impact evaluation of one of the oldest PAs systems in Latin America, which
protects one of the few remaining extensive temperate rainforests in the world.

2. PAs, LULCC and the Chilean system of PAs

PAs are, and will remain, the cornerstone of global conservation efforts (Hansen and Deffries,
2007). An increasing human population and standard of living, and demand for multiple ecosystem
services, will intensify competition for land inside and outside PAs. In the context of PAs and
avoided deforestation, protection effectiveness will depend on the conservation opportunity costs
of keeping land in forest. Robalino (2007) and Pfaff et al. (2009), presents a framework for
considering PAs’ impacts on LULCC where protection effectiveness depend on rents determined
by opportunity costs. Therefore, if we consider PAs impact on avoided deforestation, PAs may
remain forested due to the protection itself (i.e. de jure protection) or because the landscape
characteristics of the protected lands discourage LULCC (i.e. de facto protection). In the latter case,
protection may have no impact at all. The primary question PAs administrators should ask is
whether the conservation scheme has a sufficiently large “additionality” which is the difference in
conservation between the with-PAs scenario and the without-PAs baseline [12].

At the end the impact of PAs is an empirical question that requires rigorous empirical evidence to
be answered. This is the research challenge that this paper will address in the context of one of the
oldest PA network in the Latin American and The Caribbean region.

For the Chilean case, in the middle of the nineteenth century, the rapid deforestation of south-
central Chile, caused by land settlement and consequent agriculture and livestock activities,
increased awareness about conservation (Pauchard and Villarroel, 2002). Decree Law 18362 of
1984 created the national public system of PAs (Sistema Nacional de Areas Silvestres Protegidas
del Estado, SNASPE). The purpose of the law was to organize the scattered PAs around a unified
conservation system with the common purpose of protecting Chilean natural resources. With the
creation of SNASPE, the government tried to promote the definition and legalization of PAs
boundaries and the assignment of specific management objectives for each unit in the system, so it
can be considered as the true beginning of PAs in Chile (Pauchard and Villarroel, 2002).

Considering the different land uses represented in the Chilean system of PAs, almost 30%
corresponds to forest. Chile has the largest temperate forest area in South America and more than
half of the total area of temperate forests in the southern hemisphere [14]. This Chilean temperate
forest has been classified as a biodiversity hotspot for conservation (Myers, et al., 2000) and has
also been included among the most threatened eco-regions in the world in the Global 200 initiative
launched by WWF and the World Bank [16]. Most of the Chilean forests (including native and
exotic forests) are distributed along the Coastal and the Andean Range of Chile from 35° to 56°
totaling an area equal to 15.6 million ha [17].

In general for the case of Chile, the main driving force behind LULCC is the replacement of native
forests by forest plantations and agricultural crops, a factor that contributes to soil loss, forest

4



129
130
131
132
133
134
135
136

137
138
139
140
141
142

143
144
145
146
147
148
149
150
151
152
153
154

155

156

157

158

clearing, and the consequent loss of biodiversity (Lara et al., 2009). In previous qualitative
evaluations of SNASPE (see Armesto, et al., 1992; Rozzi, et al., 1994; Neira et al., 2002; Pauchard
and Villarroel, 2002; Lara et al., 2009), authors have recognized that SNASPE geographic
distribution and ecosystem representation is insufficient to achieve adequate levels of conservation
and that the poor conservation status of native forests may be explained by the Chilean forest
policies followed since 1974.2 These policies have not provided economic incentives for the
sustainable management and conservation of native forests, in contrast to the use of public funds
to support the establishment of forest plantations.

At present, Chile has 14.1 million ha of PAs in its national public system which represents 18.7%
of the Chilean territory. The system includes 31 national parks, 48 national reserves, and 15 natural
monuments, with the first two categories encompassing 99.9% of the total area, and the system is
administered by the Chilean Forest Service (Corporacion Nacional Forestal, CONAF)3. Chilean
protected areas rank second in Latin America and seventh worldwide in terms of percentage of
national coverage (Cofre and Marquet, 1999).

In terms of used criteria to establish PAs, the motivations have been diverse and have evolved to
reach currently to the use of specific criteria and standards. However, at the beginning of the
Chilean history of environmental protection, the criteria did not necessarily reflect conservation
objectives, but they reflected motivations to regulate wood extraction and commercialization, to
protect public land without productive value (i.e. land with no capacity to sustain agriculture or
cattle production), or to conserve landscape beauty (Basic and Arriagada, 2012). As explained in
Figure 1, conservation opportunity costs never have been mentioned as a criterion for PAs selection
in Chile. Then, expected conservation additionality in the context of Chilean PAs may be
questioned. Previous studies of Chilean PAs impact have not analyzed conservation effectiveness
on avoided conservation (i.e. what would have been the level of conservation had the PA not
established), and there is absolutely no empirical evidence of the impact of the system, an important
knowledge gap that this paper aims to fill. Figure 2 shows the study area.

2 In 1974, the Law of Forest Development (Decree Law N° 701) was established. The main objective of this law was
the regulation of forest activities on forest land and degraded soils. This law also aimed to promote forestation by small
forest landowners to prevent soil loss, and to protect and restore soils. See http://www.conaf.cl/.

3 According to the Chilean law, a national park is an area of great extension that includes unique and representative
environments and habitats of the national biological diversity, and its main objective is preservation. A national reserve
is a smaller area where conservation is necessary due to potential conservation threats. The natural monuments include
small areas in places with high archeological, cultural or natural value.
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3. Data

The research estimates the causal impact on avoided deforestation of PAs established after the
SNASPE creation in 1984.# The PAs located in the study area and selected for this study protect
561,920 ha. We use Geographic Information Systems to build a geospatial data set of relevant
biophysical and socioeconomic conditions. We first established the forest cover conditions using a
mosaic of Landsat Multi-Spectral Scanner satellite images between 1974 and 1976, and from 1986
and 2011 Landsat Thematic Mapper satellite images (Landscape Ecology Laboratory, Universidad
de Concepcion, Chile) (see Figure 3).> A random sample of 5,613 and 13,097 points (pixels) was
obtained to characterize protected and unprotected land respectively. To determine if a land pixel
is considered protected for the analyses, a layer containing all PAs was overlaid with a general map
of the study area. This dataset includes approximately one pixel per 1 km? of land. The sampling
excluded indigenous land and private PAs because they are subject to different legal and land use
regimes.

To check the accuracy of the random sampling process, we confirmed that there were no significant
differences between our sample of land pixels and the entire land area shown in Figure 2 in terms
of important characteristics (i.e. protected status, type of protection, proportion under each land
capacity and land suitability classes).

Avoided deforestation was calculated based on the forest cover variable defined as the presence or
absence of forest (i.e. a binary variable indicating if a plot is either forested or deforested in each
year). As a result, the outcome variable measures the change in forest as the difference between
the change in forest cover on protected plots (Y=1 if conserved) and the change in forest cover on
matched unprotected plots in the same period (1986-2011). Thus, a positive sign indicates that
protection resulted in avoided deforestation. Table 1 shows the differences between protected and
unprotected areas in terms of the outcome variable (i.e. conservation probability or avoided
deforestation). A simple comparison between protected and unprotected areas show a higher
probability of conservation on unprotected land for the period 1975-1986, however for the period
1986-2011, protected land shows a higher conservation probability. These results don’t allow
concluding about PAs impacts in terms of avoided deforestation, but they show statistically
significant differences in terms of the outcome variable between protected and unprotected areas
in the study region.

4 Until the 1970s, several government agencies were in charge of PAs creation and management. However, unified
legislation on PAs was not available until 1984. With the creation of SNASPE, the government tried to promote the
definition and legalization of PAs boundaries and the assignment of management objectives for each unit in the system,
none of which previously had been clear for a large proportion of PAs [13]. For that reason, the SNASPE creation in
1984 can be considered the true beginning of PAs in Chile.

SLandsat Multispectral Scanner (MSS) images consist of four spectral bands with 60 meter spatial resolution and
Landsat Thematic Mapper (TM) images consist of seven spectral bands with a spatial resolution of 30-meter pixels.

The MSS pixels were resampled to make them comparable to TM pixels.
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Table 1. Description and summary statistics for avoided deforestation

Variable Description Mean Mean t-stat Norm

Protected land Unprotected land Diff®
Deforestation between 1975-1986 2 0.757 (0.430) 0.827 (0.378) 2.589 -0.172
Deforestation between 1986-20112 0.892 (0.310) 0.723 (0.447) -15.899 0.544

@These outcomes show the difference between the change in forest cover on protected plots (Y = 1 if non-deforested) and the change
in forest cover on matched unprotected plots in the same period. Thus, a positive sign indicates that protection resulted in higher

probability of conservation or avoided deforestation.

Xr— ch where T = PSA and C = non-PSA [24]

SE+ S,
T C/2

b Normalized difference =

We also wish to control for differences among protected and unprotected areas across
characteristics that affect both deforestation and protection decisions. Therefore, the forest cover
data was combined with spatially explicit data on covariates believed to affect both PA location
and LULCC. The biophysical, geographical and socioeconomic characterization of Chilean PAs is
oriented to reveal the drivers of LULCC and conservation status in Chile when compared with non-
protected areas. In the scientific literature, the main drivers of PAs establishment are related with
land use (Andam et al., 2008; Pfaff et al., 2009), soil characteristics (Pfaff, 1999; Carmona and
Nahuelhual, 2012) and transportation costs (Chomitz and Gray, 1996; Pfaff, 1999; Pfaff et al.,
2007; Andam et al., 2008; Carmona and Nahuelhual, 2012). Other drivers may include ecological
characteristics like slope and distance to rivers (Pfaff et al., 2007; Andam et al., 2008; Carmona
and Nahuelhual, 2012). We also draw on previous impact evaluation of PAs (Andam et al., 2008;
Pfaff et al., 2009; Ferraro and Hanauer, 2010; Sims, 2010). For the purpose of this paper, variables
describing terrain, climate, and remoteness were used to compare protected land with unprotected
land as shown in Table 2 and Table 3 presents the summary statistics for this confounders used in
our analysis.
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Table 2. Definitions of variables and data sources for drivers of PAs establishment

Variable

Definition

Data source

Socioeconomic drivers of PAs establishment

Distance to river

Distance to closest
city

Distance to road

Euclidean linear distance to the closest river

Euclidean linear distance to the border of the real
urban sprawl

Euclidean linear distance to the closest national
highway

Ministry of the Interior (2002),
scale: 1:20.000

Ministry of the Interior (2002),
scale: 1:20.000

Adapted from the Ministry of
Public Works (2012)

Biophysical drivers of PAs establishment

Altitude

Slope

Precipitation

High soil erodibility

Medium soil
erodibility
Low soil erodibility

High
land

productivity

Medium productivity
land

Low
land

productivity

Mean value of sampled pints using a GIS layer
with terrain elevation using meters at the seal
level (MASL) as measurement unit with a spatial
resolution of 30 and 90 mts.

Mean value of sampled points using a GIS layer
with terrain elevation using an angle of
inclination to the horizontal (degrees) as
measurement unit with a spatial resolution of 30
and 90 mts.

Annual precipitation (mm)

Proportion of sampled points with very high and
high soil erodibility.

Proportion of sampled points with very moderate
soil erodibility.

Proportion of sampled points with very low and
very low soil erodibility.

Proportion of sampled points with land use
capacity I, 1l and Il where land is suitable for
agricultural production. Class 1l & I11 may require
special land and crop management

Proportion of sampled points with land use
capacity IV and V; moderately suitable for
agricultural production

Proportion of sample points with land use
capacity VI, VII and VI1II; strong limiting factors
on agricultural production.

Terrain Elevation Model (TEM)
years 2008 and 2001, International
Centre for Tropical Agriculture
(CIAT).

Terrain Elevation Model (TEM)
years 2008 and 2001, International
Centre for Tropical Agriculture
(CIAT).

Universidad de La Frontera,
Temuco, Chile (2004), scale:
1:250.000

National Commission of the
Environment, scale: 1:250.000

National Commission of the
Environment, scale: 1:250.000

National Commission of the
Environment, scale: 1:250.000

Natural Resources Information
(1996), scale: 1:20.000.

Natural Resources Information
(1996), scale: 1:20.000

Natural Resources Information
(1996), scale: 1:20.000.
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Table 3. Covariate Balance

{\//Iaelig Mean Value Diff 'Ig\;\g/’v Mean Norm
Variable Sample? Unprotected  Mean eCDF cee
Protected b eQQ e diff
Area Value s Diff
Area Diffe
) ] Unmatched 2.54 2.25 0.29 0.29 0.03 0.13
Distance to river (km)
Matched 2.14 2.10 0.04 0.06 0.01 0.02
Distance to closest city ~ Unmatched 37.63 22.88 14.75 14.83 0.22 0.81
(km) Matched 30.06 29.52 0.54 0.89 0.02 0.03
] Unmatched 32.48 40.39 -7.91 8.33 0.09 -0.34
Distance to road (km)
Matched 33.39 34.15 -0.76 1.28 0.02 -0.04
. Unmatched 645.93 528.70 117.23 117.88 0.07 0.29
Altitude (masl)
Matched 670.60 657.65 12.95 14.111 0.01 0.03
Unmatched 19.54 15.16 4.38 4.37 0.09 0.37
Slope (°)
Matched 18.56 18.45 0.11 0.47 0.01 0.01
o Unmatched 2190.00 1942.10 247.90 253.97 0.22 0.86
Precipitation (mm)
Matched 2147.10 2141.30 -0.20 22.07 0.02 0.02
Unmatched 3.88 -10.91 14.79 21.39 0.14 0.05
Temperature (°C)
Matched 4.06 4.32 -0.26 0.27 0.05 -0.18
High soil erodibilityf Unmatched 0.92 0.46 0.45 0.45 0.23 1.13
Matched 0.91 0.91 0.00 0.00 0.00 0.00
Low soil erodibility’ Unmatched 0.08 0.43 -0.35 0.35 0.17 -0.87
Matched 0.09 0.09 0.00 0.00 0.00 0.00

2N treated = 1978; N available controls = 23181.
b Weighted means for matched controls.
¢Mean (for categorical covariate) or median (for continuous covariate) difference in the empirical quantile-quantile

plot of treatment and control groups on the scale in which the covariate is measured.

d Mean eCDF = mean differences in empirical cumulative distribution function.

¢ Normalized difference = —

Xr—Xc

T+ c/2
f According to FAQ, the erodibility of a soil as a material with a greater or lesser degree of coherence is defined by its
resistance to two energy sources: the impact of raindrops on the soil surface, and the shearing action of runoff between
clods in grooves or rills (see http://www.fao.org/docrep/t1765e/t1765e0f.htm, accessed on June 3, 2013).

where T = PSA and C = non-PSA [24].
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4. Empirical strategy

We want to estimate the difference between the expected potential change in forest cover on
protected land and the counterfactual expected potential change in forest cover (i.e. what would
have happened had the PA not been created) on unprotected areas. To ensure an appropriate causal
analysis, we used four strategies: (i) compare means, (ii) conduct statistical matching, (c) adjust
for remaining bias post-matching, and (d) test for unobservables that may bias causal estimates.

Following Andam et al. (2008) and given that protection is influenced by observable characteristics
that also affect deforestation, we used matching methods to estimate avoided deforestation.
Matching methods are being increasingly applied in the impact evaluation literature as one way to
establish cause—effect relationships with nonexperimental data [31]. Matching works by comparing
conservation outcomes on protected and unprotected forest plots that were “‘very similar’’ in terms
of the observed baseline characteristics. The goal of matching is to make the characteristics
distributions of protected and unprotected plots similar (called covariate balancing). Matching can
be viewed as a way to make the protected and unprotected covariate distributions look similar by
reweighting the sample observations (e.g., unprotected plots that are poor matches receive a weight
of zero). Thus, matching mimics random assignment through the ex post construction of a control

group [9].

We used a simple difference-in-differences (DID) estimator (called the Before-After-Control-
Impact estimator in the ecology literature), which can control for time-invariant unobservable
characteristics. When estimating the causal impact of PAs with the simple DID estimator, the key
identification assumption is that the expected trend in forest cover of the unprotected land is equal
to the expected trend in forest cover of the PAs in the absence of the program. To make this
assumption more plausible, we first characterized all control unprotected land in our sample based
on PAs selection criteria and then selected land based on these criteria and the rule that protected
and unprotected areas should be forested at the baseline making treated and control areas more
similar at baseline (a form of “pre-matching”). Deforestation trends before the SNASPE creation
was also compared between protected and unprotected land using the 1974-1976 classified satellite
images described in the previous section.

Based on an assessment of covariate balance quality across a variety of matching methods [32,33],
we chose one-to-one, nearest-neighbor covariate matching with replacement using a generalized
version of the Mahalanobis distance metric and genetic matching algorithm that maximizes
covariate balance. Matching was done in R. Bootstrapped standard errors are invalid with non-
smooth, nearest-neighbor matching with replacement [34], and thus we use Abadie and Imbens’
(2006) variance formula to conduct a t-test of the mean difference-in-differences.

10



282
283
284
285
286
287
288
289

290

291
292
293
294
295
296
297
298
299
300
301

302
303
304
305
306
307
308
309
310
311
312
313
314
315

Matching estimators of PAs impacts may still be biased due to discrepancies between the covariates
of the matched protected pixels and their unprotected matches. We reduce this bias by using
regression methods for the matched data. The use of a postmatching bias-correction procedure
asymptotically removes the conditional bias in finite samples [35], although this use of regression
is different from its use in the full sample. Here the covariate distributions are likely to be similar
in the matched sample, and so regression is not used to extrapolate out of sample. This strategy of
post-matching regression adjustment typically generates treatment effects estimates that are more
accurate and more robust to misspecification than parametric regression alone [32,36].

5. Results

We estimated the effect of protection on deforestation between 1986 and 2011 using comparable
forest-cover data for both years. For that purpose, we took land that was forested in 1986 and
compared deforestation in protected and unprotected forests. Table 4 presents the DID matching
estimates of avoided deforestation as a proportion of forest conserved. Estimates based on matching
methods are compared with estimates based on more conventional methods used in the
conservation-science literature. In the second column are estimates for PAs established after
SNASPE creation (1984).° The first row presents the avoided deforestation estimates generated by
conventional methods used in the conservation-science literature where deforestation on protected
plots is compared with deforestation on unprotected areas, without controlling for other covariates.
It implies that 16.9% of protected plots would have been deforested by 2011 in the absence of
protection.

Nevertheless, as seen in Table 3, the protected and unprotected control areas differ on key
covariates that could affect protection status and changes in forest cover. In terms of the covariates
associated with protection status and deforestation, Table 3 shows that there are statistically
significant differences between protected and unprotected land across all the socioeconomic and
biophysical drivers associated with protection status. In general, PAs are farther from cities and
road networks, and are located on steeper and higher land. Similarly, PAs also tend to be placed on
land less suitable for agriculture and on soil with higher erodibility. As a consequence, most of the
PAs in Figure 2 would have remained conserved because the landscape characteristics of the
protected lands discourage LULCC. Thus one might worry that, despite our pre-matching effort
and the similar baseline forest cover before protection, the mean avoided deforestation change in
forest cover among protected land from 1986 to 2011 in the absence of protection may not be well
represented by the mean change in forest cover among the control unprotected land during the same
period. In fact, the avoided deforestation estimates from the matching approaches are much smaller.
Covariate matching estimates, with and without calipers, imply that only 4.7% and 4.8% of

® Decree Law 18,362 of 1984 created the national public system of protected areas: SNASPE. However, program
implementation took time after that date. For the purpose of this study, 1986 data provide the pre-SNASPE information
necessary to construct baseline forest cover scenarios for both protected and unprotected areas.

11
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protected plots would have been deforested by 2011 in the absence of protection respectively.’
These could still be because even after matching, there are statistically significant differences in
the observable baseline characteristics of PAs and matched controls. Table 3 shows several metrics
of covariate balance before and after matching for the sample. The fifth and sixth columns of Table
3 present two measures of the differences in the covariate distributions between protected and
unprotected areas: the difference in means and the average distance between the two empirical
quantile functions (values greater than 0 indicate deviations between the groups in some part of the
empirical distribution). If matching is effective, these measures should move towards zero (Ho et
al., 2007), which is what we observe. However, by using a post-matching bias-correction procedure
that asymptotically removes the conditional bias in finite samples, the last row of Table 4 shows
that 4.7% of protected plots would have been deforested by 2011 in the absence of protection which
is not much different from the estimates with matching without the bias-correction procedure. To
put Table 3’s estimates into perspective, consider that 561,920 ha of forest were protected between
1984 and 2011. Thus, conventional methods imply 95,526 ha of avoided deforestation. In contrast,
the matching methods imply 26,410-26,972 ha of avoided deforestation (see Figure 4).

In some countries, PAs can be assigned without enough financial resources, or without the
infrastructure and networking needed to substitute consumable resources and protect the area from
development or misuse. Moreover, PAs are biased towards where they can least prevent land
conversion. Often it may be financially and politically expedient to protect public land with low
financial value avoiding places with conflictive land use alternatives when considering
conservation objectives [4]. In the Chilean context, PAs established in the study area came from
public land set aside for conservation purposes. Although the SNASPE law includes private land
expropriation for conservation objectives, the history of PAs in Chile does not show evidence of
this kind of practice. As a result, the current system of public PAs originates almost exclusively
from public land. Therefore, counterfactual scenarios obtained from forest cover changes on
matched unprotected land may not reflect same results one may obtain if these counterfactual
scenarios are constructed using only public land as potential control unprotected areas. Third
column of Table 4 presents DID matching estimates using public land never protected and forested
in 1986 as control. Neither estimates from conventional conservation science approaches nor from
sample selected by matching show significant estimates of PAs impact on avoided deforestation
between 1986 and 2011.

" To further address concerns about potential bias, we also present estimates based on matching using calipers to
improve covariate balance. Calipers define a tolerance level for judging the quality of the matches: if available controls
are not good matches for a treated unit (i.e., there is no match within the caliper), the unit is eliminated from the sample.
Calipers reduce potential bias, but at the cost of estimating a treatment effect for only a subset of the sample. In our
study, we view calipers as a robustness check. We define the caliper as 0.5 standard deviations of each matching
covariate.
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Table 4: Estimated avoided deforestation as a proportion of forest protected

Protected after 1986 (control: never Protected after 1986 (control:
protected and forested in 1986) never protected and foreste

Conventional conservation science approach
Difference in means? 0.169™" 0.011
[N protected pixels] [1978] [1978]
{N available controls} {23181} {339}
Sample selected by covariate matching
Difference in means® 0.047™ (0.021) 0.023 (0.081)
[N matched controls] [1978] [1978]
Sample selected by covariate matching with calipers®
Difference in means® 0.048™" -0.008 (0.029)
[N outside calipers] [714] [1018]
{N matched controls with calipers} {1264} {960}
Marginal effect from multivariate regression® 0.047™" (0.013) -0.004 (0.013)

a Statistical significant difference in means evaluated with a Chi-squared test between treated and control sub-
samples.

b Standard errors for matching estimates using Abadie-Imbens standard error formula [35]

¢ Calipers restrict matches to units within 0.5 standard deviations of each covariate.

4 OLS regression on avoided deforestation, with covariates including all variables used in covariate matching.

* kK kkk

., Significance at 10%, 5% and 1%, respectively.
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6. Discussion and conclusions

Conservation practitioners and policymakers need credible information on how PAs policies affect
ecosystems. The primary question PAs administrators should ask is whether the conservation
scheme has a sufficiently large “additionality” which is the difference in conservation between the
with-PAs scenario and the without-PAs baseline [12]. However, the potential level of additionality
that a PAs network can provide also depends on where protection is being placed. Most previous
evaluations on PAs effectiveness have relied on indirect estimates based on comparisons between
protected and unprotected areas. However, such methods could easily be biased when protection
is not randomly assigned but rather is determined by characteristics that also affect LULCC (e.g.,
land productivity, accessibility). Our results confirmed that conventional science approaches claim
land cover impacts for protection that are actually due to PA network’s landscape characteristics.

In the Chilean case, the state of conservation of its natural resources is a topic of growing concern
among the general public as well as national and international conservation organizations. Previous
analysis of Chilean PAs have focused only on ecosystem representation, coverage of biodiversity
hot-spots, budgets, and boundary issues. However, conservation additionality of PAs has not been
mentioned in any previous study. For this case, we show the selection bias when assigning
protection, which might be yielding few additional conservation benefits to one of the oldest
systems of PAs in Latin America. Chilean PAs are farther from cities and road networks, and are
located on steeper and higher land. They tend to be placed on land less suitable for agriculture and
on soil with higher erodibility.

In terms of methodological lessons, results show the importance of the comparison group (i.e.
selection of appropriate unprotected land to be used as controls to match PAs). In that sense, finding
causal impacts of PAs in terms of forest conservation may well depend on the selection of the
appropriate control group. Our analysis illustrates how substantial improvements can be made to
estimates of PAs impact. However, in estimating forest conservation effectiveness, the selection of
appropriate unprotected land in order to compare with outcome observed in PAs is very important.
By using public land as potential unprotected controls to construct counterfactual conservation
scenarios, results show no difference between the conservation outcome obtained with PAs and the
conservation outcome that would have happened had the PAs not established. In the Chilean
context, regulatory regimes are similar between PAs and public land similar to protected land, then
public lands similar to PAs are well managed and converting these lands to PAs does not
necessarily provide additional conservation benefits. In that sense, results suggest that other public
lands similar to PAs are just as well protected. These results raise important questions, such as
relative costs of different types of public land management, and whether there are any particular
types of public lands where creating PAs would have greater impact. These results also suggest
that conversion of private land to PAs may offer more avenues in terms of additional conservation
benefits when compared with the conservation scenario including only public lands as potential
candidates to create new PAs, however at a more expensive cost for government and society as a
whole.
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These results are consistent with previous studies that show that logging concessions maintain
forest cover as efficiently as PAs (see Gaveau et al., 2013), and then combining PAs with public
lands may sustain larger forest landscapes than is possible via PAs alone. A growing number of
studies also suggest that selectively logged forests (i.e. a forest management plan similar to
management of public lands) might be valuable for biodiversity conservation, and well-managed
public land might present a realistic and cost effective strategy for forest protection in addition to
PAs. If forest in PAs are approximately as well protected as they are in PAs, as our analysis shows,
the Chilean government would do well strategically to commit to keep natural forest on public
lands alongside the PA network. However, inclusion of private land into the system of PAs may
offer a higher level of additional conservation benefits. Therefore promotion of incentives to
include private PAs could be very important, especially considering that the expropriation of
private land for conservation purposes is less feasible given the financial constraints of a system
with very limited resources to invest in conservation.®

8 A new Biodiversity and Protected Areas Law is currently under discussion in the Chilean congress. One of the new
objectives of this law refers to the inclusion of a private network of PAs into a new integrated national system of PAs.

15



~

10.

Bibliography

Lambin EF, Baulies X, Bockstael N, Fischer G, Krug T, et al. (1999) Land-use and land-
cover change (LUCC): Implementation strategy. 126 p.

Turner BLI, Clark WC, Kates RW, Richards JF, Mathews JT, et al., editors (1990) The
Earth as Transformed by Human Action: Global and Regional Changes in the Biosphere
Over the Past 300 Years. Cambridge: Cambridge Unievrsity Press.

Robalino J, Villalobos L (2014) Protected areas and economic welfare: an impact
evaluation of national parks on local workers’ wages in Costa Rica. Environ Dev Econ: 1—
28. Available: http://www.journals.cambridge.org/abstract S1355770X14000461.
Accessed 4 September 2014.

Joppa LN, Pfaff A (2009) High and Far: Biases in the Location of Protected Areas. PLoS
One 4: e8273. Available: http://dx.plos.org/10.1371/journal.pone.0008273. Accessed 26
May 2014.

Robalino J a. (2007) Land conservation policies and income distribution: who bears the
burden of our environmental efforts? Environ Dev Econ 12: 521. Available:
http://www.journals.cambridge.org/abstract S1355770X07003671. Accessed 4 December
2012.

Miteva DA, Pattanayak SK, Ferraro PJ (2014) Do biodiversity policies work? The case for
conservation evaluation 2.0. In: Helm D, Hepburn C, editors. Nature in the balance: the
economics of biodiversity. Oxford University Press. pp. 301-315. doi:10.1093/acprof.

Kamal S, Grodzinska-Jurczak M (2014) Should conservation of biodiversity involve
private land? A Q methodological study in Poland to assess stakeholders’ attitude.
Biodivers Conserv 23: 2689-2704. Available: http://link.springer.com/10.1007/s10531-
014-0744-0.

Joppa L, Pfaff A (2010) Reassessing the forest impacts of protection: the challenge of
nonrandom location and a corrective method. Ann N Y Acad Sci 1185: 135-149.
Available: http://www.ncbi.nim.nih.gov/pubmed/20146766.

Andam KS, Ferraro PJ, Pfaff A, Sanchez-Azofeifa GA, Robalino J a (2008) Measuring the
effectiveness of protected area networks in reducing deforestation. Proc Natl Acad Sci U S
A 105: 16089-16094. Available:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2567237&tool=pmcentrez&re
ndertype=abstract.

Hansen A, Defries RS (2007) Ecological mechanisms linking protected areas to
surrounding lands. Ecol Appl 17: 974-988.

16



Pfaff A, Robalino J, Sanchez-Azofeifa GA, Andam KS (2009) The B . E . Journal of

Economic Analysis & Policy Contributions Park Location Affects Forest Protection : Land
Characteristics Cause Differences in Park Impacts across Costa Rica Park Location Affects
Forest Protection : Land Characteristics Cause Differe. B E J Econom Anal Policy 9: 1-26.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Wunder S (2007) The efficiency of payments for environmental services in tropical
conservation. Conserv Biol 21: 48-58. Available:
http://www.ncbi.nlm.nih.gov/pubmed/17298510. Accessed 1 November 2012.

Pauchard A, Villarroel P (2002) Protected Areas in Chile : History , Current Status , and
Challenges. Conserv Issues 22: 318-330.

Donoso C (1993) Bosques templados de Chile y Argentina: variacion, estructura y
dindmica. Santiago, Chile: Editorial Universitaria.

Myers N, Mittermeier R, Mittermeier C, da Fonseca G, Kent J (2000) Biodiversity
hotspots for conservation priorities. Nature 403: 853-858. Available:
http://www.ncbi.nlm.nih.gov/pubmed/10706275.

Dinerstein E, Olson D, Graham D, Webster A, Primm S, et al. (1995) A Conservation
Assessment of the Terrestrial Ecoregions of Latin America and the Caribbean.

CONAF, CONAMA, BIRF (1999) Catastro y evaluacién de recursos vegetacionales
nativos de Chile: informe nacional con variables ambientales. Santiago, Chile. 89 p.

Lara a., Little C, Urrutia R, McPhee J, Alvarez-Garreton C, et al. (2009) Assessment of
ecosystem services as an opportunity for the conservation and management of native
forests in Chile. For Ecol Manage 258: 415-424. Available:
http://linkinghub.elsevier.com/retrieve/pii/S0378112709000036. Accessed 8 November
2012.

Armesto JJ, Smith-Ramirez C, Leon P, Kalin-Arroyo M (1992) Biodiversidad y
conservacion del bosque templado en Chile. Ambient y Desarro Diciembre: 19-24.

Rozzi R, Armesto JJ, Figueroa J (1994) Biodiversidad y conservacion de los bosques
nativos de Chile : una aproximacion jerarquica. Bosque 15: 55-64.

Neira E, Verscheure H, Revenga C (2002) Chile’s frontier forests: conserving a global
treasure. Valdivia, Chile. 57 p.

Cofre H, Marquet P a (1999) Conservation status, rarity, and geographic priorities for
conservation of Chilean mammals: an assessment. Biol Conserv 88: 53-68. Available:
http://linkinghub.elsevier.com/retrieve/pii/S0006320798000901.

Basic Z, Arriagada RA (2012) Conservacion de la biodiversidad y areas protegidas en
Chile. Agron y For UC 46: 18-23.

17



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Abadie A, Imbens GW (2011) Bias-Corrected Matching Estimators for Average Treatment
Effects. J Bus Econ Stat 29: 1-11. doi:10.1198/jbes.2009.07333.

Pfaff ASP (1999) What Drives Deforestation in the Brazilian Amazon? J Environ Econ
Manage 37: 26-43. Available:
http://linkinghub.elsevier.com/retrieve/pii/S0095069698910567.

Carmona A, Nahuelhual L (2012) Combining land transitions and trajectories in assessing
forest cover change. Appl Geogr 32: 904-915. Available:
http://linkinghub.elsevier.com/retrieve/pii/S0143622811001755. Accessed 14 November
2012.

Chomitz KM, Gray D a. (1996) Roads, Land Use, and Deforestation: A Spatial Model
Applied to Belize. World Bank Econ Rev 10: 487-512. Available:
http://wber.oxfordjournals.org/cgi/doi/10.1093/wber/10.3.487.

Pfaff A, Robalino J, Walker R, Aldrich S, Caldas M, et al. (2007) Road investments,
spatial spillovers and deforestation in the Brazilian Amazon. J Reg Sci 47: 109-123.

Ferraro PJ, Hanauer MM (2010) Protecting Ecosystems and Alleviating Poverty with
Parks and Reserves: “Win-Win” or Tradeoffs? Environ Resour Econ 48: 269-286.
Available: http://www.springerlink.com/index/10.1007/s10640-010-9408-z. Accessed 1
November 2012.

Sims KRE (2010) Conservation and development: Evidence from Thai protected areas. J
Environ Econ Manage 60: 94-114. Available:
http://linkinghub.elsevier.com/retrieve/pii/S0095069610000586. Accessed 30 October
2012.

Imbens GW (2004) Nonparametric estimation of average treatment effects under
exogeneity: a review. Rev Econ Stat 86: 4-29.

Ho DE, Imai K, King G, Stuart ES (2007) Matching as Nonparametric Preprocessing for
Reducing Model Dependence in Parametric Causal Inference. Polit Anal 15: 199-236.
Available: http://pan.oxfordjournals.org/cgi/doi/10.1093/pan/mpl013. Accessed 19
September 2013.

Sekhon J (2011) Multivariate and propensity score matching software with automated
balance optimization: the matching package for R. J Stat Softw 42: 1-52.

Abadie A, Imbens GW (2008) On the failure of the bootstrap for matching estimators.
Econometrica 76: 1537-1557. Available: http://doi.wiley.com/10.3982/ECTA6474.
Accessed 18 September 2013.

Abadie A, Imbens GW (2006) Large sample properties of matching estimators for average
treatment effects. Econometrica 74: 235-267.

18



36.

37.

Imbens GW, Wooldridge JM (2009) Recent Developments in the Econometrics of
Program Evaluation. J Econ Lit 47: 5-86.

Gaveau DL a, Kshatriya M, Sheil D, Sloan S, Molidena E, et al. (2013) Reconciling forest
conservation and logging in Indonesian Borneo. PLoS One 8: e69887. Available:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3743885&tool=pmcentrez&re
ndertype=abstract. Accessed 14 August 2014.

19



