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ABSTRACT ARTICLE HISTORY
In 2019, government of Thailand recognized community-based forest Received 13 January 2022
management and gave rights to communities to manage their forests. Accepted 9 May 2022

We evaluated the effectiveness of long-established community managed KEYWORDS

forests in conserving tree cover in Nan province, Thailand. We mapped Land use governance; forest
boundaries of all community managed forests patches to understand rights; deforestation; land
their spatial distribution and their overlap with national parks and national use; protected area; genetic
forests. We analysed Landsat images between 2000-2019 to map forest- matching

cover changes. Using genetic matching, we compared the effectiveness of

various management categories in conserving forests, controlling for

covariates. We found that, despite high rates of deforestation in the

province, community managed forests are well conserved. Moreover,

forests patches in national parks and national forests are better conserved

when they overlap with community managed forests. Community forests,

as a bottom-up land use institution, are effective in forest conservation.

They provide an extra layer of forest protection along with national forests

and national parks.

Introduction

Forest conservation can be promoted through a combination of command-and-control institutions,
such as national parks or national forests, and through ‘bottom up’ institutions, such as community-
managed forests. Community forests are defined as an institution that provides rights to the
communities to utilize, protect, and govern forest lands and forest resources, so that communities
can freely access the forest land, perform their religious rituals, protect the forest and watersheds
from outsiders as well as sustainably utilize forest resources (Charnley & Poe, 2007; Pelletier et al.,
2016). Community forest management is found to be the most cost-effective forest management
strategy and is effective in conserving biodiversity (Somanathan et al., 2009). It also reduces poverty
(Adam & Eltayeb, 2016; Oldekop et al., 2019), especially in developing countries. However, world-
wide, most forests are formally administered by central/state governments either as protected areas
or national forests (Adams & Hutton, 2007). Even though formal, decentralized forest policies have
existed since the mid-1980s, local communities still struggle in many parts of the world to obtain the
rights, recognition, and authority to use their local forest resources (Andersson & Gibson, 2006;
Pagdee et al., 2006). Recently the narrative around forest governance has changed with the
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involvement of non-state actors such as local and international NGOs, local communities, interna-
tional donors, and the private sector (Furumo & Lambin, 2021). This shift is explained by international
concerns about deforestation given its influence on climate change and biodiversity loss, social
pressures for local resource governance, eco-certification of forest commodities, land privatization,
and market-based incentives for sustainable resource management (Agrawal et al., 2008).
Decentralized policies span a spectrum from local communities working for government agencies,
jointly co-managing the forest with the government, or having an independent decision-making
body for forest management.

A rich scholarship exists on the governance of common pool resources (Agrawal, 1999; Dietz et al.,
2003; Ostrom, 1990). Elinor Ostrom has designed a set of principles for community-based natural
resource management that are key for an effective governance system (Ostrom, 1990). Given the
complexity associated with common pool resource management, these principles do not hold true in
all cases, mainly due to fuzzy boundaries, heterogenous groups, inherited inequality, local politics, and
lack of support from governments (Cox et al., 2010). However, these principles help understand the
circumstances under which community management can be sustained over the long-term. These
principles fit well with the case of forests because, unlike fisheries, irrigated systems, and groundwater
systems, forests have clear boundaries and their condition can be easily monitored by local commu-
nities, provided they receive adequate support from local authorities (Araral, 2014; Berkes, 2006).
Therefore, decentralized policies are more common in the forestry sector, especially in developing
countries. A recent survey noted a 40% increase in legal forest rights allocated to local communities
since 2002, of which 98% of forests are in developing countries and about 28% are under local
community management in these countries (Rights and Resources, Forest and Land Tenure).

Hajjar et al. (2016) reviewed community forest management studies globally and found that the
literature is predominately from South Asia (mostly India and Nepal), Latin America and Africa. Data
from East Africa, Latin America and South Asia have shown that community-managed forests per-
form better in terms of livelihood support and carbon storage when local communities have the
authority to make decisions for sufficiently large forest patches and when government or non-
government organizations provide support and incentives (Chhatre & Agrawal, 2009). Under these
conditions, local communities felt less insecure about their land rights and conserved greater
biomass as compared to forest patches that are centrally governed.

Communities having clear rights over forest land have always been under scrutiny by forest
managers and governments, whether or not these communities are able to sustainably manage the
forests (Pagdee et al., 2006). In India, the role of communities in managing forests was recognized in
the late 1990s under the Joint Forest Management policy. However, due to the top-down approach
of this policy and the lack of land tenure rights, it was not very successful (Kumar, 2002; Ravindranath
& Sudha, 2004). Forest Department officials are part of the joint executive committees and have the
authority to form and change rules. Later, under the Forest Rights Act of 2006, local communities
obtained legal rights over community forests. The effect of India’s community forest management in
sustaining forest resources is still under debate (Kutty et al., 2019). Similarly, in the Philippines
a decentralized policy was initiated, which created opportunities as well as constraints for local
communities (Magno, 2001). With strong civil society support and political struggles, a community-
based forest management program was initiated in 1992 to sustainably manage forest resources and
administer social justice. However, an effective implementation of local authority on forest resources
is still questionable (Magno, 2001). Vietnam has also decentralized its forest policy since 1990.
Following a series of changes in forest protection laws in 2003-2004, a legal status has been
provided to local communities for managing forests. However, the allocation of these rights to
communities has been poor due to a lack of communication, especially in northern Vietnam, a region
with high poverty and many ethnic minorities (Pinyopusarerk et al., 2014). A recent study found that
payments for forest environmental services and clarification of forest boundaries have led to better
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forest management in Vietnam (Duong & De Groot, 2020). The struggle to establish local governance
persists due to government motivations such as rent seeking, discursive power, and institutionalized
incentives (Fleischman, 2014).

To help institutions of community-based forest management overcome their struggle against
state-level bureaucracy, one requires a better understanding of their impact on forest cover,
biodiversity, climate change, economic development, and social well-being. Even though commu-
nity forests management is prevalent in developing countries, literature reviews by Hajjar et al.
(2016), Hajjar and Oldekop (2018), Burivalova et al. (2019), and Borner et al. (2020) identified a scarcity
of studies on the effectiveness of decentralized forest management based on robust experimental
methods. Recent case studies have focused on the impact of community-based forest management
using experimental and quasi-experimental based evidence from southern Africa, Latin America, and
Asia (Bruggeman et al., 2015; Oldekop et al., 2019; Sills et al., 2020). The case study from Indonesia
showed the influence of the political economy on conservation policy (Miteva & Pattanayak, 2021).
The studies also showed the importance of social welfare (Okumu & Muchapondwa, 2020), frequent
election of the leaders (Kahsay & Medhin, 2020), enhanced extra savings (Gelo, 2020), polycentric
governance approaches (Sills et al., 2020), and cooperative behaviors (Bluffstone et al., 2020) in
maintaining and sustaining the decentralized policies with positive socio-economic and forest
conservation outcomes.

Until recently, Thailand has been lacking in providing rights to local communities for managing
their surrounding forests. In 2019, under the Community Forest Act 65 (B.E. 2562), the Thai govern-
ment mandated that community leaders register the forest patches protected by their community
by 25 November 2019 and that the Forest Department maps these forests patches by 23 July 2020.
Non-compliance would lead to government taking over the forest land. Around 11,327 community
forest committees were registered in Thailand, covering approximately 1 million hectare forests by
2019 (Ganz & Rattanarat, 2021).

The objective of this study was to evaluate the effectiveness of traditional community forest
management in conserving forest cover in Nan province, Thailand. In this northern province, forest
patches have been managed by communities through their customary laws and practices for a long
time. We evaluated whether the community-managed forests maintained their forest cover between
2000-2019 using a robust experimental method, genetic matching. We compared the three main
forest management institutions in Nan province: national forests, national parks, and community
forests. The national forests and national parks are clearly and formally demarcated whereas no
official information was available on community forests. We mapped approximately 2000 commu-
nity forest patches and compared forest cover changes under different forest institution categories
based on time series of Landsat satellite images.

Study area
Overview

Nan province is situated in the northern part of Thailand, along the border with Laos. The landscape
is mountainous, with elevations ranging from 700 to 2300 m. The central part of Nan province is
a large valley, referred to as lowlands, surrounded by mountains, referred to as highlands. The total
area of Nan province is 12,347.27 km?, of which 15% is in lowlands and 85% in highlands. Nan’s
population is around 500,000, mostly farmers that used to practice swidden cultivation in highlands
and have permanent crop fields in lowlands. Nan has seven national parks. Forests outside national
parks are managed as national forests by the Royal Forest department (Figure 1). Together, national
parks and national forests cover most of the highland forests. Some of the forests in Nan province are
also managed by the communities living in and around forest patches.
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Figure 1. Spatial distribution of national parks and national forests in Nan province. Areas in white on the map represent non-
forest uses such as agriculture, water, and fallow land.

History of community forests

Community forest management has existed for a long time in Nan province. People’s livelihoods
were dependent on forests, and with time, they accumulated knowledge on forest ecology and
livelihood sources from forests. In 1964, motivated by national development, the Thai government
announced the National Forest Reserve Act. Soon the community managed forests became state/
public property. There was a monopolization of timber production and logging concessions in
national reserved forests across the country. Many business companies entered and operated
logging in forests of the main watershed of the Nan River. In 1975, communities from Ban Luang
district strongly opposed the practices of logging companies, which finally agreed to withdraw.
Following this incident, these communities established rules for preserving their forests as
a sustainable heritage. Their initiative then expanded to many nearby areas in the form of
a provincial network of community forestry (Sairorkham & Sakitram, 2020).

Advocating for forest protection has also become the focus of local NGOs that have joined the
movement. Subsequently, the community movement for forest management has evolved with
mentoring agencies. In 1991, communities joined the Northern Community Forestry Network to get
support from policy and advocate for legalization. In 1993-2001, the Nan Community Forestry
Network mobilized about 50,000 people and proposed the Community Forest Law, which has resulted



JOURNAL OF LAND USE SCIENCE (&) 311

in a social movement to focus on Community Forest Act, People’s Edition. As a result, the discourse on
community rights and community forests were widely recognized by policymakers. However, since
2003, due to constant negotiations, struggles with the government on community forest rights, and
land tenure issues, community leaders had to back off. During this period, the social movement and
network mechanisms began to weaken. Community forest management also suffered due to the lack
of support from the young generation, which migrated to cities for jobs, and given insufficient funds
to sustain community forest operations. Despite these struggles, Nan province still has numerous
forest patches under community forest management. These remaining forests are the result of efforts
by local communities to preserve forests (Sairorkham & Sakitram, 2020).

In the early period of community forest management, local communities played a central role,
without any guidance from the authorities. Their efforts were later recognized by various civil society,
academic and government organizations. In 2018, the project ‘Empowering and revitalizing the
community forestry network project in Nan province’ was developed in collaboration with local
NGOs. They were many interactions, both collaborative and confrontational, among stakeholders.
After a period of stagnation, the community forest network, local NGOs, and academics worked
together to further develop community forest institutions (Sairorkham & Sakitram, 2020).

Categories of community forests

A study by Sairorkham and Sakitram (2020) revealed that there are three types of community forests in
Nan province. ‘Watershed forests’ are areas protected or restricted by the community, with strict rules
such as a complete prohibition on logging. Villagers are allowed to collect non-timber forest products for
consumption. For example, Khun Huai Si Phan is an important watershed, and villagers in Saud and Pa
Kha Luang sub-districts, of Ban Luang district, are dependent on it. In 1973, a sawmill was contracted to
extract timber from the forest. The village leader requested the provincial governor to stop the logging,
but their request was rejected. In 1975, community leaders and villagers protected the forest by blocking
the road. The sawmill owner finally withdrew. As another example, villagers of Sila Lang subdistrict
traditionally complied with the prohibition on logging large timber as their forest covers an important
watershed area upstream of Nan. Later, due to the relocation of other hill-tribes, the forest was
encroached for cultivation. In 1970, all villagers suffered from a severe drought. The sub-district headman
explained the severity of impacts to the recent settlers and provided cropland elsewhere. Community
leaders also conducted a campaign and sought cooperation from the hilltribes to stop deforestation.
Over 5 years, they conserved around 5,760 ha of forest area. In 1985, a community forest conservation
committee was formed to monitor the forest on a monthly basis to prevent illegal logging. In 1989, the
committee evolved into a ‘watershed forest conservation committee’ which was established by the Sila
Laeng Sub-District Council Regulation on Forest Conservation. At present, most forests of Sila Laeng sub-
district community are located inside the Doi Phu Kha National Park, formed in 1999. There are
community forest patches inside the national park which are still maintained by the community.
Villagers get water, fish, food, and herbs from the forest. They are allowed to collect logs to build their
house with permission from the community forest leaders.

‘Usable forests’ are conserved by the community, whose members can use the forest under the
community rules. Non-timber forest products and timber can be collected, and timber can only be used
for public activities and by community members who face hardship. For example, in 1987, Ban Kiew
Muang in Santisuk district faced severe water shortages. At that time, the Royal Forest Department
declared a national forest reserve, which overlapped with community forests. The government agen-
cies had encouraged private organizations to plant eucalyptus trees in degraded forest areas. Local
communities instead established the Kiew Muang Forest Conservation Group to jointly preserve the
forests area. The group set up regulations on forest management and encouraged villagers to grow
fruit trees, collect non-timber forest products, and grow perennials in wastelands and around rice fields.
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‘Ritual forests’ are used for performing rituals according to the beliefs of the community. Most
community members do not dare to exploit this forest. They are also fearful of supernatural forces. For
example, a local monk, Phrapalad Sa-nguan, used the strategy ‘Buddhism Plus Spiritualism’ to conserve
local forests. He conducted tree ordinations, which the villagers respect. The villagers would put a spirit
house next to a large tree that is considered as a principal tree. Starting in 1990, Phrapalad Sa-nguan
conducted forest ordination ceremonies in collaboration with several groups, which prevented people
cutting down trees. The community groups who joined forest ordination ceremonies formed
a ‘community forum’ to conserve their forest using this approach. Worship of monks and fear of
spirits have been considered as an effective solution to conserve forest (Darlington, 2012).

Methods
Mapping of community forests

We collected information on boundaries of community managed forests, with the permission of
leaders of the Nan community forestry network to survey community forests in all sub-districts. The
mapping involved collecting boundary information from community leaders and representatives of
community forest management using Google Earth images. The boundary information was further
matched with old maps and secondary information from the Royal Forest Department. Some
community forest boundaries had already been documented in the form of certificate of ownership
of community property. Some areas were also surveyed by the local administration, which shared
shape files. The information collected on community forests boundaries were reconfirmed with the
community leaders. Interviews with community leaders and representatives of community forest
management were also conducted using a structured questionnaire about forest name, number of
forest patches, community forests in national parks and national forests, registration with the Royal
Forest Department, and community forest rules.

Landsat image classification

We used supervised image classification of Landsat satellite images of 2000 and 2019 to map forest
cover in Nan province. Cloud-free images from Landsat 5 ETM for 2000, and Landsat 8 OLI/TIRS 2019
were selected for the classification. The selected images were from February and March, the months
with least cloud cover. We selected the best possible combinations of Landsat images with near
anniversary dates. We used the blue, green, red, NIR, SWIR 1, and SWIR 2 spectral bands. We also
computed indices that help discriminate between forests, agriculture, and water: Normalized
Difference Vegetation Index (NDVI), Normalized Difference Moisture Index (NDMI) and Soil
Adjusted Vegetation Index (SAVI; Agarwal & Nagendra, 2020).

Based on Google Earth imagery, representative areas of interest were identified and digitized for
each time period. The Random Forest classifier, which is a highly robust pixel-based supervised
classification method, was used to classify the images. This classification method is robust because it
is not sensitive to over-training, can handle multi-dimensional data and collinearity, and is known to
produce high accuracies (Belgiu & Dragut, 2016). Land cover categories included forest, agricultural land
(including tree crops for the 2000 images, except for dense rubber plantations), fallow land, and water.
A tree plantation category was added for the year 2019 classification as plantation area had increased in
recent years and the improved spectral resolution of the Landsat 8 sensor decreased confusion with
other classes. All the above image processing steps were conducted in Google Earth Engine.

A change detection between the 2000 and 2019 images was undertaken using a hybrid method
that combines image differencing and classification overlays. It identified areas under deforestation,
reforestation, and plantation, along with the stable land cover classes. As farmers in Nan practice
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Figure 2. (a) Land cover from 2000; (b) Land cover 2019; (c) Stable land cover classes between 2000 and 2019; (d) Land cover
change classes between 2000 and 2019.

shifting cultivation, the deforestation class was further divided into deforestation and shifting
cultivation (Figure 2) (see, Agarwal & Lambin, 2022 for details of the change detection method).

Accuracy assessment

Around 350 random points were generated for accuracy assessment, based on the proportion of
land cover under each class in the 2019 classified image (Congalton, 1991). Approximately 100
points covered forests and fallows and 50 covered agriculture, water, and plantations. The same
points were used for accuracy assessment of the 2000 classified images. Classification accuracy
was assessed using Google Earth images of the corresponding time periods. Error matrices were
generated to calculate producer accuracy, user accuracy, and kappa statistics.
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Genetic matching

The genetic matching method was used to create quasi-experimental conditions. Forest conserva-
tion efforts are affected by a well-known adverse selection bias - i.e. protected areas tend to be
located in areas with lower deforestation pressure (Cuenca et al., 2016). Therefore, there is a risk of
overestimating the effectiveness of protected areas (Abadie & Imbens, 2011). The genetic matching
method corrects for this bias by creating a counterfactual by controlling for the effect of covariates
that might influence changes in forest cover - i.e. elevation, slope, aspect, village population,
distance from village, distance from road, and number of households (Table 1). It compares a large
sample of randomly selected points within and outside protected areas that are similar with respect
to these covariates (Bruggeman et al., 2018). These form treatment and control samples, respectively.
The method therefore isolates the effect of the forest management institution from the effect of the
landscape variables associated with the adverse selection bias (Abadie & Imbens, 2011; Ferraro et al.,
2015).

We randomly selected 10,000 forest pixels, divided equally between the control and treatment
groups, to analyze whether the forest pixels in 2000 remained forest or had changed to any other
non-forest land cover class in 2019. Sampling was constrained by a 250 meters minimum distance
between observations to minimize spatial autocorrelation. This constraint limited the sample size.
We computed semi-variograms and found a low spatial autocorrelation at a 250 m sampling distance
(semi-variance < 0.12). In Nan province, farm size varies from 3 to 5 rai (1 rai = 1600 m?). Thus, forest
clearing for agriculture is likely to occur in plots at distances >150 — 250 m apart. A random sample of
5000 pixels was deemed statistically representative of our treatments as it represents 2.1% of the
population of pixels of community forests inside national forests, 3.3% for community forests inside
national parks, 1.3% for community forests inside national forests and national parks, and 0.5% of
national parks only.

We collected information on village population and number of households from a 2015 national
report. Distance from the nearest village and road were calculated using spatial analysis in R version
3.6.2. We also extracted values for elevation, slope and aspect using open-source dataset of Shuttle
Radar Topography Mission (SRTM) for the globe version 4 at 90 m resolution (Table 1).

We used the genetic matching method in R version 3.6.2 based on the GenMatch package
(Sekhon, 2008). To measure the difference between the effectiveness of different forest institutions
for the treatment and control samples, we used the average treatment effect (ATE) method
(Bruggeman et al., 2018). We also used calipers to improve the matching, as it replaces the matching
outside of a tolerance level, defined here at 0.25 standard deviations.

Table 1. Description of control and outcome variables.

Control variable Source Confounding potential

Village population Bureau of Registration Administration, Department of Provincial Potential land use pressure on
Administration, Ministry of Interior (2015) forest due to local population

Number of households Bureau of Registration Administration, Department of Provincial ~Forest resource needs by
Administration, Ministry of Interior (2015) households

Distance to village (m) Calculated using village point layer provided by GIS department Forest accessibility to villagers
of Hug Muang Nan Foundation in Nan province (2019)

Distance to road (m) Road layer provided by GIS department of Hug Muang Nan Accessibility to markets and
Foundation in Nan province (2019) villages

Elevation (m) Calculated using SRTM globe version 4 Local environmental condition
Slope Calculated using SRTM globe version 4 Local environmental condition
Aspect Calculated using SRTM globe version 4 Local environmental condition
Forest pixel in 2000 Classified Landsat image Presence of forest resources
Outcome variable
Stable forest pixel Change analysis of Landsat images 0 = Stable forest

between 2000 and 1 = Deforestation

2019
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We performed Placebo tests to check the robustness of our results. These tests allow confirming
that the forest protection institution is the only source of variation across treatment and control, and
that there are no hidden covariates causing these differences (Nolte et al., 2017). Placebo tests allow
detection of any insignificant difference between placebo treatment and control groups. We defined
our placebo group as pixels from the matched control group, i.e. that are not community managed
forest (or not national parks for one analysis). Next, we matched these ‘placebo treatment’ groups to
remaining control group pixels that were similar to the placebo pixels in terms of covariates. If
differences between placebo treatment groups and their matched controls are small and not
statistically significant, then the matching successfully controls for confounding variables and
produces a reliable counterfactual (Nolte et al., 2017).

As community forests existed before establishment of protected areas, these two categories may
overlap. Therefore, in the evaluation of forest-cover changes, four comparisons were made: (1)
Community forests inside national forests (treatment) versus national forests without national
parks and community forests (control); (2) Community forests inside national parks (treatment)
versus national parks without community forests (control); (3) Community forests inside national
forests and national parks (treatment) versus national forests or national parks without community
forests (control) (in this experiment, the location of forest pixels in national parks or national forests
was included as a covariate); (4) National parks (treatment) versus forests outside of national parks
(control).

Results
Mapping of community forests

We found 1950 community forests patches in Nan province. As much as 16% of the province’s forest
area is under community forests: 9% inside national forests, 6% inside national parks, and 1% outside
national forests and national parks. There are 7 national parks and 2 wildlife sanctuaries representing
together 48% of the area of the Nan province. National forests represent 86% of the area of the Nan
province, out of which 39% do overlap with neither national parks, nor community forests (Figure 3).

Remote sensing of forest cover

The overall accuracy of individual classifications is greater than 91% for all images, given the low
number of land cover categories (Table 2). Producer and user accuracy are above 80% except for
fallow land in 2000 (73%) and agriculture in 2019 (74%). These two classes may be difficult to
distinguish for young fallows and fields with tree crops. Forests covered 89.7% of the province in
2000, but only 74.7% in 2019 (Table 3, Figure 2). Change in forest area between the treatment and
control groups was generally large between 2000 and 2019, representing from 4 to 30% of the forest
area in 2000 (Table 4).

Genetic matching

The main findings after genetic matching are as follows (Tables 5):

(1) In national forests, community managed forests have a much lower rate of deforestation
compared to surrounding forest areas. The average effectiveness value changed from 1 to
0.89 which means the proportion of pixels that changed from forest to other classes was 11%
within community forests. By comparison, the average effectiveness value changed from 1 to
0.68 for other forest areas in national forests, which means the proportion of pixels that
changed from forest to other classes was 32%. Thus, all other things being equal, forests were
about three times less likely to be cleared in community forests located in national forests
compared to their surrounding forests in national forests.
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Figure 3. Spatial distribution of community forests in Nan province. Areas in white on the map represent non-forest uses such as
agriculture, water, and fallow land.
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Table 2. Accuracy of land cover classifications.

Year Class Producer accuracy User accuracy Kappa Overall accuracy
2000 Forest 99.1 89 85.4 92.6
Agriculture 85.7 100
Fallow land 73.1 96.6
Water 93.9 100
2019 Forest 94 90.9 89 91.5
Agriculture 100 74.5
Fallow land 84.4 97.4
Water 92,6 100
Plantation 90.7 92.5

Table 3. Percentage of land cover classes in Nan province.

Land cover classes Area percentage in 2000 Area percentage in 2019
Forest 89.7 74.7
Agriculture 1.6 1.4
Fallow land 83 20.1
Water 0.3 03
Plantation 3.5

Table 4. Change in forest area between treatment and control in 2000-2019.

Forest area (km?) Stable forest area (km?) between Change

Type Category in 2000 2000 and 2019 percentage
Treatment Community forests inside national forests 1044.1 963.9 7.7
1
Control 1 National forests without national parks and 3932.8 2726.3 30.7
community forests
Treatment Community forests inside national parks 703.3 674.8 4.0
2
Control 2 National parks without national forests and 3669.0 3298.7 10.1
community forests
Treatment Community forests inside national forests 1747.4 1638.7 6.2
3 and national parks
Control 3 National forests and national parks without 7601.7 6025.0 20.7
community forests
Treatment National parks 4372.2 3973.5 9.1
4
Control 4 Forest outside of national parks 4976.9 3690.2 25.5
(2) Similarly, in the case of community forests inside national parks, the average effectiveness
value changed from 1 to 0.94, which means the proportion of pixels that changed from forest
to other classes was only 6%. By contrast, the average effectiveness value changed from 1 to
0.88 for forests under the national park management, which means the proportion of pixels
that changed from forest to other classes was 12%. Thus, all other things being equal, forests
were two times less likely to be cleared in community forests located in national parks
compared to their surrounding forests in national parks.
(3) Overall, community forests are performing better as compared to national parks and

national forests. The average effectiveness value in community forests changed from 1 to
0.92, which means the proportion of pixels that changed from forest to other classes was
only 8%. By contrast, the average effectiveness value changed from 1 to 0.75 in the forests
managed under national parks and national forests, that means the proportion of pixels
that changed from forest to other classes was 25%. Thus, all other things being equal,
forests were about three times less likely to be cleared in community forests in national
parks or national forests compared to their surrounding forests in national parks or national
forests.
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Table 5. Comparison of forest-cover change between treatment and control for four categories, after genetic matching: (1)
Community forests inside national forests (treatment) versus national forests without national parks and community forests
(control); (2) Community forests inside national parks (treatment) versus national parks without community forests (control); (3)
Community forests inside national forests and national parks (treatment) versus national forests or national parks without
community forests (control); (4) National parks (treatment) versus forests outside of national parks (control).

Treatment Control
1 Community forests inside national forests ~ National forests without national parks
and community forests
Average effectiveness value from From 1 to 0.89 From 1 to 0.68
forest to non-forest
Proportion of forest pixel changed 1% 32%
between 2000-2019
2 Community forests inside national parks ~ National parks without national forests
and community forests
Average effectiveness value from From 1 to 0.94 From 1 to 0.88
forest to non-forest
Proportion of forest pixel changed 6% 12%
between 2000-2019
3 Community forests inside national forests National forests and national parks
and national parks without community forests
Average effectiveness value from From 1 to 0.92 From 1 to 0.75
forest to non-forest
Proportion of forest pixel changed 8% 25%
between 2000-2019
4 National parks Forest outside of national parks
Average effectiveness value from From 1 to 0.86 From 1 to0 0.78
forest to non-forest
Proportion of forest pixel changed 14% 22%
between 2000-2019
Table 6. Results of placebo tests.
Placebo
Experiments treatment  Control
1) Community forests inside national forests versus national forests without national parks and 0.66 0.67
community forests
2) Community forests inside national parks versus national parks without national forests and 0.89 0.89
community forests
3) Community forests inside national forests and national parks versus national forests and national 0.73 0.73
parks without community forests
4) National parks versus forest outside of national parks 0.78 0.77

(4) Forests under national park management performed slightly better as compared to the
forests outside national parks. The average effectiveness value inside national parks changed
from 1 to 0.86, which means the proportion of pixels that changed from forest to other classes
was 14%. By contrast, the average effectiveness value outside national parks changed from 1
to 0.78, which means the proportion of pixels that changed from forest to other classes was
22%. Thus, all other things being equal, forests were about 0.36 times less likely to be cleared
in national parks compared to forests outside national parks.

None of the Placebo tests computed for the four experiments detected a significant difference
between placebo treatment groups and their matched controls (Table 6).

Discussion

Community forests in Nan province were more successful in maintaining their forest cover between
2000 and 2019 than national parks and national forests. Moreover, forests under national parks and
national forests are better conserved when overlapping with community managed forests patches.
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The landscape of Nan province used to be dominated by swidden cultivation. Deforestation has
been a major concern following a rapid transition to permanent maize cultivation (Yap et al., 2017).
Zeng et al. (2018) found that the total deforestation was approximately 9% between 2001 and 2016,
mainly due to widespread maize cultivation. Even though the rate of deforestation is high in Nan
province, community forest patches are well preserved. Actually, changes in forest cover inside
community forests within national forests and national parks were below 8% whereas change in
forest cover was higher in national forests (30%) and national parks (10%; Table 4). Community
forests are effective forest management institutions that provide an extra layer of protection along
with the national forests and national parks. Historically, community forests have been an integral
part of the forest management system in Nan. Communities have relied on their customary laws,
rules, and norms to protect and use their forests. National forests and national parks have been
created later, in the late 1900s. Therefore, community forests are not associated with a direct increase
in logging pressure on non-community forests. Such a leakage effect has been documented for
example, in Vietnam following a logging ban, but it occurred to neighboring countries (Meyfroidt &
Lambin, 2009). Community forests protect forests from logging and agricultural expansion for cash
crops (Yap et al., 2017).

Community forest management is an effective way of maintaining forest integrity, especially
around important watershed areas. Similar results were found in Sumatra and Kalimantan Island in
Indonesia, where communities have legal rights to manage their forests and were able to maintain
the forest cover and avoid deforestation as well as improve people’s livelihood conditions (Santika
et al., 2017). Many communities have participated in forest conservation in the form of management
of community forests or public forests (‘Pa Na Mu’). Community forest management is based on the
local culture and traditional beliefs. Communities are setting rules and regulations for forest con-
servation, forest fire protection, forest ordination ceremonies, long life ceremonies for rivers, food
offerings for forests based on the Buddhist tradition, and worshiping forest spirits. As a result,
communities were able to conserve thousands of hectares of forest. Some communities also protect
forests from extractive activities by external actors. They were able to restore degraded forest land
with their original diversity. A study on a community forest program in Nepal also found that
community forest management was effective in conserving biodiversity at the national level
(Luintel et al., 2018).

Wright et al. (2016) found that decentralized governance could reduce deforestation with local
government support. So far, communities in Thailand are generally missing government support.
Only recently the Forest Act 65 recognized the value of community managed forest (Ganz &
Rattanarat, 2021), but information on implementation of the Act in Nan province is lacking due to
the covid pandemic. The history of Nan community forests exemplifies the constant struggle to
secure land tenure rights over community forests, as well as over agricultural lands in forested
highlands. Studies from neighboring countries such as India, Vietnam, the Philippines, Laos, and
Indonesia found similar struggles of local communities to obtain rights over forest resources (Kumar,
2002; Magno, 2001; Persson et al., 2021; Pinyopusarerk et al., 2014; Santika et al., 2017). States are
reluctant to give rights to local communities due to rent seeking and discursive power inbuilt in the
bureaucracy system of government (Fleischman, 2014). Policy makers also often believe that com-
munities will not be able to maintain their common pool resources. Even though scientific evidence
shows that, overall, community forests are more effective at maintaining forest cover compared to
centrally-managed protected areas, communities’ legal rights over forests and ancestral lands are
constantly questioned (Kutty et al., 2019).

During one interview, a village leader reflected that ‘throughout the life cycle from birth to the end of life,
we have relied on, and utilized the forests as an important requisite in various dimensions’. In Nan province,
communities have developed and inherited practices to maintain forests over several generations. They
have designed rules for managing forests that also ensure their livelihoods. For instance, villagers may be
allowed to use timber from the forest to fix or build their house or communal spirit house with village
leader’s permission. Also, there is a complete prohibition of use of chain saws to cut trees, and no one is
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allowed to cut trees and grasses without permission. Violators have to pay a fine. However, village
members are allowed to collect non-timber forest products for subsistence. If farmers need to burn rice
straw in their rice fields, they need to make firebreaks to prevent fire encroachment in the forest. Agarwal
et al. (2017) found similar rules in central India, where communities were able to manage forests patches
with few conflict with the state government. Miteva and Pattanayak (2021) studied decentralized forest
policies in Indonesia and found that better managed community committees were associated with
a reduction in deforestation inside protected areas. Studies have also shown improvements in commu-
nity managed forests thanks to collaborations with local NGOs (Barnes & Van Laerhoven, 2013; Gupta
et al., 2020). Similarly, we found that local NGOs in Nan province support local communities in sustaining
their livelihood, managing their forests and helping with registering them under the Forest Right Act.

Studies have shown that providing clear land rights improves the functionality of community-
based forest management systems. Welfare schemes (Okumu & Muchapondwa, 2020) and collabora-
tion with local governments (Wright et al., 2016) could improve livelihood conditions of people living
in and around forests and increase the sustainability of decentralized forest governance. Studies on
decentralized forest policies in developing countries have shown that a reduction in deforestation
and a more equal distribution of resources increase savings and social welfare (Hajjar et al., 2021;
Nolte et al., 2017; Oldekop et al., 2019). Giving rights to local communities is also a cost-effective way
to monitor and prevent forest encroachment by external actors as it is physically impossible to fence
all forests (Somanathan et al., 2009).

The main limitation of this study is that only forest conversion was measured by remote sensing.
More subtle forest cover changes such as forest degradation, changes in species composition, and
potential effects of the extraction of non-timber forest products were not measured. Likewise, the
multiple benefits of community forests on the provision of ecosystem services, such as water flow
regulation, was not assessed.

Conclusion

Community forests offer a strong protection against deforestation in Nan province. They are also
effective in helping national forests and national parks in conserving forests. In this case study,
a bottom up, community-based institution seems to be more effective than - but also complemen-
tary to - a command-and-control institution to conserve forests in Nan province. Forest manage-
ment in Nan province would benefit from a more explicit recognition by local and national
governments of the role of local communities as they have a long tradition in managing forests as
multi-functional landscapes, including as a source of food and livelihood. The co-management of
forests offers a great potential to preserve forest ecosystems.
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