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Abstract

This study aimed to investigate the structure of two deciduous forests and assess their

above-ground carbon stock in order to promote community forest management (CFM) for

REDD+ opportunities in the Ban Mae Chiang Rai Lum Community Forest in northern Thai-

land. A systematic sampling method was used to establish twenty-five sample plots of 40 m

× 40 m (0.16 ha) each that were used to survey the entire 3,925 ha area of the community

forest. Cluster analysis identified two different forest types: dry dipterocarp forest and mixed

deciduous forest. It was determined that the above-ground carbon stock did not vary signifi-

cantly between them. An analysis of carbon sequestration in the community forest indicates

that carbon stock increased under CFM from 2007 to 2018 by an estimated 28,928 t C and

participation in the carbon market would have yielded approximately US $339,730.43 or US

$8.66 /ha/year to the community for that 10-year period. Projections for 2028 reflect that car-

bon stock will experience continual growth which indicates that maintaining CFM can

increase carbon sequestration and reduce CO2 emissions. However, though further growth

of carbon stock in the community forest is expected into 2038, that growth would be at a

lesser rate than during the preceding decade. This suggests that CFM management should

address forest utilization practices with a focus on maintaining long term carbon stock

growth. Additional measures to address the impact of drought conditions and to safeguard

against forest fires are required to sustain tree species’ growth and expansion in order to

increase their carbon accumulation potential. Thailand’s community forest involvement in

REDD+ and participation in its international carbon market could create more economic

opportunities for local communities.
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Introduction

Forests provide essential environmental, social and economic benefits to local communities.

They are one of the world’s largest carbon sinks storing 45% of the earth’s terrestrial carbon

and absorbing 2.4 billion tons of atmospheric CO2 each year [1–3]. This carbon can result in

economic and other benefits to communities, such as through participation in the Reducing

Emission from Deforestation and Forest Degradation (REDD+) program’s international car-

bon market [4, 5], as Thailand and many other countries are doing [6].

Vast amounts of carbon can be found in above-ground biomass in amounts that vary based

upon forest type, tree species composition, diversity, and other factors [7–9]. Understanding

these factors and having accurate sequestration data can inform the efficacy of pursuing the

myriad benefits of participating in international carbon markets [10].

Thailand’s forest resources are among the most abundant in Southeast Asia. Forests cover

31.68% of the country’s area of which 18.26% is deciduous forests [11]. These deciduous forests

consist primarily of dry dipterocarp (DDF) and mixed deciduous (MDF) forests [12–15].

A deciduous forest is composed of numerous tree species that reflect local climates, topog-

raphy, and soil conditions [14]. A DDF will have a mean annual rainfall of 1,000–1,500 mm

compared with 1,000–1,800 mm in MDFs [16, 17]. DDFs can be found below 500 m elevation,

while MDFs are found at elevation up to 900 m [13, 14, 18]. The soil upon which an MDF will

grow is typically moderate fertile loam soil while DDF soil is more sandy and lateritic [16, 17,

19]. Deciduous forests regularly feature forest fires and lengthy drought periods of 5–6 months

[18, 20]. The dominant tree species generally found in a DDF are Dipterocarpus spp., Shorea
obtusa, S. siamensis, Sindora siamensis, Xylia xylocarpa, Pterocarpus macrocarpus, and Irvingia
malayana. The MDF is composed of very distinctive dominant species such as Tectona
grandis, Shorea siamensis, Dillenia pariflora, Pterocarpus macrocarpus, Xylia xylocarp, Afzelia
xylocarpa, and Lagerstroemia calyculatus [14, 18, 21, 22].

In Thailand’s northern region, MDFs are the primary forest type and provide valuable tim-

ber; DDFs are good sources of income-supplementing non-timber forest products in remote

areas [14, 23–25]. As such, deciduous forests are more useful for rural communities as a source

of forest products and as high capacity carbon sinks [26, 27].

Previous studies have demonstrated that local forest resource management can enhance

carbon sequestration and reduce the CO2 emissions that would otherwise be caused by defor-

estation and forest degradation [28–32]. Community forest management (CFM) has generally

been accepted as a principle for sustainable management through collaboration between local

people and governments [33]. In Thailand, CFM has been promoted by the Royal Forest

Department (RFD) since 1987 [34]. Most recently, the Thai government approved Commu-

nity Forest Act B.E 2562 that authorized local management decision-making [35].

In the Paris Agreement of the 2015 United Nations Climate Change Conference (COP21),

Thailand announced its intention to adopt a low-carbon growth path and reduce its emissions

by 20% by year 2030 [6]. Locally managed community forest projects can have a positive

impact on carbon storage and sequestration and ultimately on the gas emissions caused by

deforestation and forest degradation. During more than three decades of CFM’s prevalence,

1.2 million ha, or 7% of Thailand’s total forest area in 17,400 villages have come under CFM

[36] demonstrating a nationwide proliferation of local community empowerment in managing

forest resources. A more nationwide approach through implementation of the REDD+ policies

and strategies and involvement in the international carbon market can magnify the positive

impact while addressing the inherent challenges of attaining the country’s goal of reducing

gashouse gas emissions.
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However, there is a lack of information about the carbon sequestration potential of commu-

nity forests in Thailand’s deciduous forests and how such data can be used to thoroughly

understand the ecological and economic impact of sustainable forest management.

Our study would be a good model to demonstrate to other communities that the more

expansive, global conservation policies, strategies and the carbon market mechanism of REDD

+ can offer significantly more protection to the forest as well as bring enhanced economic ben-

efit. Being the case, the objectives of this study were to 1) identify the structural differences in

the deciduous forest types, 2) estimate above-ground biomass and carbon stock in a commu-

nity forest, and 3) evaluate the impact of CFM on reducing the carbon emissions caused by

deforestation and forest degradation.

Materials and methods

Study site

Ban Mae Chiang Rai Lum Community Forest of the Pa Mae Phrik National Forest Reserve

was chosen as the study area. It is in the northern Thailand province of Lampang (N 17˚ 22’

48" to N 17˚ 27’ 47" and E 99˚ 00’ 47" to E 99˚ 05’ 48") (Fig 1), has an area of 3,925 ha, and an

elevational range of 140–660 m. Two deciduous forest types, dry dipterocarp and mixed

Fig 1. Location of the Ban Mae Chiang Rai Lum Community Forest in northern Thailand.

https://doi.org/10.1371/journal.pone.0256005.g001
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deciduous, were identified in this community forest. The study site was located in a National

Forest Reserve area under the exclusive authority of the Royal Forest Department of Thailand.

As the study was conducted by staff of the Royal Forest Department, no access permits were

required.

The study area features two distinct seasons, a wet season from April to October and a dry

season from November to March. During the dry season, regular and prolonged drought con-

ditions are experienced. Average temperatures ranged from 31.7˚C in January and November

to 37.1˚C in March. Mean annual rainfall was 1,129.4 mm, the mean annual temperature was

33.6˚C and mean relative humidity was 76.1% [37].

Since 2008, local people in collaboration with the RFD have managed the Ban Mae Chiang

Rai Lum Community Forest under a community forest project. Previous widespread damage

caused to the land by encroachment and illegal logging and the impact on livelihoods

prompted this action. Management policies were implemented to safeguard the forest and its

benefits. Surveys, alignment and patrols, preservation of cultural and traditional activities,

passing community regulations addressing the utilization of resources, and taking fire protec-

tion measures were all part of the overall management effort.

The distinct ecological characteristic of the two forest types informed different strategies for

each. Plantation and restoration projects were established in the MDF. Check dams (cross-

stream structures created using natural materials such as rock, branches, or sandbags to slow

water flow, control erosion and increase hydration) were constructed in the DDF to promote

and foster tree species diversity and to address the need for an ongoing supply of NTFPs.

Moreover, acquiring and transferring the skill and knowledge required to manage the forest

appropriately while raising public awareness of the importance and value of the forest are all

crucial components to conservation and sustainable management of the community forest.

Under CFM, less frequent forest fires resulted in greater soil moisture and increased water

supplies making the community forest more conducive to growth and regeneration. Higher

income and improved livelihoods were realized concomitant with a more widespread appreci-

ation of the importance and value of a healthy forest abundant with NTFPs [38]. This is consis-

tent with previous studies that found conserving forest resources enhances the economic

benefits provided to local communities [39–43].

Data collection

From July to October 2018, a sampling survey was conducted. The sampling intensity and pre-

cision were calculated using the results of a 2016 study by the RFD in the same area [44]. Con-

fidence probability was 95%. The standard deviation from previous surveys was used to obtain

an estimate of the sampling [45]. In a natural forest such as the study area, there would be

greater variation, and an accuracy required estimate of 20% would be satisfactory [46]. The

formula was expressed as:

n ¼ ðZs=EÞ2 ð1Þ

where n is the sampling intensity; Z is the z-value for the confidence interval of 95%; σ is the

density of tree species, and E is the percentage of standard deviation from the required

precision.

A systematic sampling method was used to survey 25 sampling plots measuring 40 m × 40

m (0.16 ha) each which were separated by an average of roughly 1,200 m [47, 48]. Each 40

m × 40 m plot was divided into 16 distinct 10 m × 10 m subplots to measure and identify trees

with a diameter at breast height (DBH)� 5 cm [49]. The locational information of the sample

plots is shown in Fig 2.
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Data analysis

The two distinct forest types in the community forest were identified by cluster analysis

employing importance value index (IVI) matrices in each sampling plot. A cluster analysis

requires pruning of the dendrogram at a level representing a compromise between the group

and the number of groups. Optimum pruning for the dendrogram was selected by applying

the Euclidean distance [50].

Trees (DBH� 5 cm) were identified into family and species to determine the ecological

characteristics of the forest types. Identification of some species was only accomplished

through a comparison with samples at the Forest Herbarium, Department of National Parks,

Wildlife and Plant Conservation Herbarium. The density and basal area of each tree species

were calculated and the diversity of the trees in the community forest was examined by analyz-

ing the Shannon-Wiener index (H0) [51]. The applied equation was:

H0 ¼ �
Xs

i¼1

ðpiÞðlog2piÞ ð2Þ

where s is number of species; pi is the proportion of individuals found in the ith species.

To compare the species composition of the two forest types, the Jaccard similarity index

was calculated [52] and the differences in the species, density, basal area, and diversity index of

the two forests were subjected to a one-way analysis of variance (ANOVA).

Fig 2. Location of the sampling plots identified through the systematic sampling method.

https://doi.org/10.1371/journal.pone.0256005.g002
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In addition, the IVI using the following equation was applied to quantify the ecological

importance of the tree species in each forest:

IVI ¼ R:Dþ R:F þ R:Do ð3Þ

where R.D is the relative density of the tree species; R.F is their relative frequency, and R.Do is

their relative dominance. They were calculated as R.D = number of individuals of the spe-

cies × 100 / total number of quadrate studies, R.F = number of quadrates in which species

occurred × 100 / total number of quadrate studies, and R.Do = total basal area of species × 100

/ total basal area of all the species [53].

To calculate tree biomass, we used allometric equations following Ogawa et al. (1965) for

natural deciduous forests in Thailand (dry dipterocarp and mixed deciduous forests) to com-

pute above-ground biomass including stems, branches, and foliage [54]. The following allome-

tric equations were used:

Above� Ground Biomass ¼WsþWbþWl

Ws ¼ 0:0396ðD2HÞ0:9326

Wb ¼ 0:003487ðD2HÞ1:027

Wl ¼ ðð28:0=WsþWbÞ þ 0:025Þ
� 1

ð4Þ

where D = diameter at breast height (cm), H = height of tree (m), Ws = stem biomass (t ha-1),

Wb = branch mass (t ha-1), and Wl = leaf mass (t ha-1).

To estimate the carbon stock, we converted above-ground biomass into carbon stock using

the IPCC default 0.47 carbon fraction [10], and the estimates of the carbon stock in the two

deciduous forests were compared. The formula for this calculation is:

Carbon stock ¼ Biomass� 0:47 ð5Þ

In addition, to investigate the impact of CFM on the reduction of carbon emissions caused

by forest deforestation and degradation, a Random Forest (RF) classifier was used to classify

the community forest. Landsat data was improved and used in the mapping of forest degrada-

tion by mixing field surveys, Normalized Difference Vegetation Index (NDVI), and Digital

Elevation Model (DEM) data [55]. The CA-Markov method was implemented for a Land Use

and Land Cover (LULC) prediction of future restoration of the community forest.

The satellite data used in this study were Landsat-5 Thematic Mapper (TM) and Landsat-8

Operational Land Imager (OLI) images. The Landsat images were downloaded from the

United States Geological Survey (USGS) as standard Level-2 topographic with corrected sur-

face reflectance. The multi-spectral image data were then improved by DEM data derived

from Shuttle Radar Topography Mission (SRTM) and scene number SRTM1N17E099V3. The

overview of our image data is shown in Table 1.

An RF classifier was applied to all Landsat images and SRTM DEM from 2007 and 2018

resulting in the classification of the community forest into two forest types: dry dipterocarp

and mixed deciduous forests [56]. The overall accuracy and kappa statistics were expanded for

an accuracy assessment over 80%. An interpretation by Erdas software with a change detection

Table 1. Basic information of Landsat data and SRTM DEM.

Satellite Date of acquisition Path/Row Bands with SRTM DEM

Landsat-5 22 February 2007 130/48 1–5, 7, and SRTM DEM

Landsat-8 11 February 2018 131/48 2–7 and SRTM DEM

https://doi.org/10.1371/journal.pone.0256005.t001
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function informed three distinct areas of the forest: degraded, restored, and retained. We used

the CA-Markov model to simulate community forest changes and predict variations with

images. The CA-Markov model was used to predict restorative changes in the community for-

est for 2028 and 2038 based on changes reflected in satellite images in the 2007 to 2018 maps,

and its validity was investigated [57]. In addition, the CA-Markov model was developed from

transition probability matrices in the community forest representing the changes for 2007 and

2018. The transition probability matrices for 2028 and 2038 were derived from the CA-Markov

model; the spatial data reflected predicted changes in the community forest and estimated

above-ground biomass and carbon stock [9, 58, 59].

All the statistical calculations were performed using version 5.10 of PC.ORD [60] and ver-

sion 3.6.2 (2019-12-12) of the R program for Windows software [61]. ArcMap version 10.5

was applied to Landsat images to analyze the Random Forest classifier. The CA-Markov

method in IDRISI software was applied to project the changes in the community forest.

Results

Forest classification

The resulting dendrogram reflected 5.83% chaining and was cut with 12.5% of the remaining

information explained by two forest types: dry dipterocarp forest (DDF) and mixed deciduous

forest (MDF). The DDF contained 21 plots: plots 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12, 13, 16, 17, 18,

19, 21, 22, 23, 24, and 25. The MDF contained 4 plots: plots 5, 14, 15, and 20 (Fig 3).

Forest structure, species composition and diversity

The inventory of the Ban Mae Chiang Rai Lum Community forest yielded a total of 3,769 trees

covering 129 species and 43 plant families. There were 2,992 trees in 93 species belonging to 36

families in the DDF. The highest numbers of species were from the following families: Rubia-

ceae, Euphorbiaceae, Papilionoideae, Anacardiaceae, and Caesalpinioideae. The MDF was

populated by 777 trees of 72 species in 31 families. The highest numbers of species were found

in the Papilionoideae, Rubiaceae, Caesalpinioideae, Euphorbiaceae, and Lythraceae families.

The Jaccard index revealed a 28.68% similarity as 37 of the 129 total species were found in

both the DDF and the MDF. The ANOVA analysis reveals that there was significant difference

in species (F = 6.435; p< 0.05). However, the differences between the two forests in density

(F = 0.155; p> 0.05), basal area (F = 4.069; p> 0.05), and Shannon-Wiener index (H0)

(F = 2.677; p> 0.05) were not statistically significant. The ecological characteristics in each

forest are shown below in Table 2.

The tree density distribution of diameter and height classes of the deciduous forests is

shown in Fig 4. The DDF had a DBH range of 5.00–64.34 cm with a mean of 13.03 ± 7.95 cm.

More specifically, trees with DBH < 10 cm (40.46%) were the most abundant followed by trees

with DBH 10–20 cm (39.97%), 20–30 cm (10.89%), and> 30 cm (4.68%). In the MDF, DBH

varied between 5.00–53.80 cm with a mean of 11.62 ± 6.71 cm. Specifically, trees with

DBH< 10 cm (52.64%) were the most abundant followed by trees with DBH 10–20 cm

(38.22%), 20–30 cm (6.31%), and > 30 cm (2.83%).

The height of the trees in the DDF ranged between 1.30–25.00 m with a mean height of

8.62 ± 3.27 m. The height of the trees in the MDF varied between 2.00–25.00 m with a mean

height of 9.16 ± 3.29 m. In the DDF and MDF, respectively the 5–10 m class (56.38%, 55.08%)

had the highest density followed in descending order by the 10–15 m class (24.83%, 31.92%),

1.3–5 m class (15.98%, 10.42%), and the> 15 m class (2.81%, 2.57%). Overall, the DBH ranged

from 5 to 64.34 cm with a mean of 12.73 ± 7.73 cm. Height ranged from 1.30 m to 25 m with a

mean of 8.73 ± 3.28 m.
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As reflected in Table 3, the ten species with the highest IVI in the deciduous forests belong

to seven families: Dipterocarpaceae, Mimosoideae, Caesalpinioideae, Burseraceae, Papilionoi-

deae, Lythraceae, and Euphorbiaceae. The most dominant tree species in the DDF were Shorea
obtusa (15.18%), S. siamensis (11.63%), Xylia xylocarpa (8.20%), Sindora siamensis (6.63%),

Fig 3. Classification of the forests in the deciduous area of the Ban Mae Chiang Rai Lum Community Forest in northern Thailand: Dry dipterocarp

forest (DDF) and mixed deciduous forest (MDF).

https://doi.org/10.1371/journal.pone.0256005.g003

Table 2. Ecological characteristics of deciduous forests (Mean ± Standard deviation) in the Ban Mae Chiang Rai Lum Community Forest, Northern Thailand.

Characteristics DDF MDF Average

Number of species � 22.57 ± 5.46 31.00 ± 9.27 23.92 ± 6.74

Density (tree ha-1) N.S. 890.48 ± 220.60 1,214.06 ± 581.74 942.25 ± 312.27

Basal area (m2 ha-1) N.S. 16.29 ± 3.97 17.16 ± 4.45 16.43 ± 3.96

Shannon-Wiener index (H0) N.S. 2.44 ± 0.28 2.68 ± 0.16 2.48 ± 0.28

N.S. = not significant at

�p< 0.05. DDF = dry dipterocarp forest, MDF = mixed deciduous forest.

https://doi.org/10.1371/journal.pone.0256005.t002
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and Canarium subulatum (4.85%). In the MDF, Millettia leucantha (8.48%) had the highest

IVI, followed in decreasing order by Lagerstroemia duperreana (7.30%), Millettia brandisiana
(7.18%), Antidesma sootepense (6.06%), and Pterocarpus macrocarpus (4.88%).

Above-ground biomass and carbon stock

The estimates of above-ground biomass and carbon stock are illustrated in Table 4. The total

above-ground biomass of DDF was 63.60 ± 27.80 t ha-1: stem 51.43 ± 19.79 t ha-1, branch

Fig 4. Distribution of the 3,769 trees in (a) DBH-class and (b) height-class within the deciduous forests.

https://doi.org/10.1371/journal.pone.0256005.g004
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10.34 ± 4.40 t ha-1, and foliage 1.82 ± 0.62 t ha-1. The MDF total above-ground biomass was

estimated at 69.67 ± 21.83 t ha-1: stem 56.54 ± 17.60 t ha-1, branch 11.07 ± 3.67 t ha-1, and

foliage 2.06 ± 0.60 t ha-1. The average above-ground biomass throughout the community forest

was 64.57 ± 24.02 t ha-1. Analyzing the conversion of biomass to carbon stock, we find that the

MDF provided higher volumes of carbon stock (32.74 ± 10.26 t C ha-1) than did the DDF

(29.89 ± 11.65 t C ha-1). The ANOVA test showed that the differences in carbon stock between

the two forests did not vary significantly (F = 0.280; p> 0.05). The average carbon stock in the

entire community forest was 30.35 ± 11.29 t C ha-1.

Regarding species contribution to the above-ground biomass in each forest type, Shorea
obtusa (14 t ha-1) had the highest biomass in the DDF, followed by S. siamensis (9.64 t ha-1),

Canarium subulatum (5.27 t ha-1), Sindora siamensis (5.14 t ha-1), and Xylia xylocarpa (4.61 t

ha-1), respectively. In contrast, Pterocarpus macrocarpus (6.27 t ha-1) was the species that con-

tributed the most biomass to the MDF, followed by Lagerstroemia duperreana (5.86 t ha-1),

Garuga pinnata (5.84 t ha-1), Millettia brandisiana (4.93 t ha-1), and M. leucantha (4.88 t ha-1),

respectively.

The forest type cover interpretation of the Landsat images by RF classifier found that the

overall accuracy was 91.49% and the Kappa hat coefficient was 85.21%. Application of the

CA-Markov model, with a Receiver Operating Characteristic (ROC) curve score of 0.82, pre-

dicted changes with a high degree of accuracy.

Table 3. Importance value index (IVI) of the five most important species in each forest.

Forest types/Ranking Species Relative values (%)

R.D R.F R.Do IVI

DDF 1) Shorea obtusa 4.58 3.99 6.62 15.18

2) Shorea siamensis 4.23 2.81 4.58 11.63

3) Xylia xylocarpa 2.89 3.26 2.06 8.20

4) Sindora siamensis 2.76 1.34 2.53 6.63

5) Canarium subulatum 0.90 1.26 2.69 4.85

88 other species 17.97 20.67 14.86 53.50

MDF 1) Millettia leucantha 3.86 2.11 2.51 8.48

2) Lagerstroemia duperreana 2.45 2.11 2.75 7.30

3) Millettia brandisiana 2.62 2.02 2.54 7.18

4) Antidesma sootepense 3.30 1.93 0.82 6.06

5) Pterocarpus macrocarpus 0.94 1.40 2.53 4.88

67 other species 20.16 23.77 22.18 66.11

DDF = dry dipterocarp forest, MDF = mixed deciduous forest. R.D = relative density, R.F = relative frequency, R.Do = relative dominance, IVI = importance value

index.

https://doi.org/10.1371/journal.pone.0256005.t003

Table 4. Estimation of biomass and carbon stock (Mean ± Standard deviation) in Ban Mae Chiang Rai Lum Community Forest.

Forest types Above-ground biomass (t ha-1) Carbon stock (t C ha-1)

Stem (Ws) Branch (Wb) Leaf (Wl) Total

DDF 51.43 ± 19.79 10.34 ± 4.40 1.82 ± 0.62 63.60 ± 27.80 29.89 ± 11.65

MDF 56.54 ± 17.60 11.07 ± 3.67 2.06 ± 0.60 69.67 ± 21.83 32.74 ± 10.26

Average 52.25 ± 19.20 10.46 ± 4.23 1.86 ± 0.61 64.57 ± 24.02 30.35 ± 11.29

DDF = dry dipterocarp forest, MDF = mixed deciduous forest.

https://doi.org/10.1371/journal.pone.0256005.t004
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As reflected in Table 5, during implementation of CFM, the degraded forest area decreased

significantly from 992 ha in 2007 to 143 ha in 2018. In contrast, the restored area dramatically

increased from 140 ha in 2007 to 865 ha in 2018. It is projected that the degraded area will

diminish further in 2028 and 2038 to 123 ha and 108 ha, respectively, while the restored area

will continue to expand to 1,112 ha in 2028 and 1,251 ha in 2038. The projections reflect the

most consequential changes in the restored and degraded areas, whereas less significant

changes are predicted for the retained area. Though increasing from 2007 to 2018 to an area of

2,917 ha, slight, continual decreases are projected for 2028 (2,690 ha) and 2038 (2,566 ha). The

total above-ground biomass throughout the community forest revealed that from 2007 to

2018, carbon stock increased under CFM by 21.82%. Prediction are that carbon stock will

increase 24.51% from 2018 to 2028 and an additional 23.06% from 2028 to 2038 (Table 6).

Overall, it was estimated that the annual carbon stock in the entire CFM area increased 3,829 t

C or 2.89% over the 30-year period under CFM. The changes in forest area and carbon stock

between degraded, restored, and retained areas during previous and projected periods of CFM

are shown in Fig 5.

Discussion

The deciduous forests’ structure and diversity of species

Ban Mae Chiang Rai Lum Community Forest’s 129 species of 3,769 trees in 43 families collec-

tively exhibit a larger diversity than recorded in other deciduous forests in Thailand [23, 62,

63]. The ecological characteristics of the forests reflected in Table 2 reveal that the mean of the

species diversity indices in the community forest (H0 = 2.48) was considered mid-range when

compared with other deciduous forests in northern Thailand [64–67]. These results suggest

the potential for diverse tree species providing ecosystem services to support rural livelihoods,

a finding similar to that in previous studies [68–70].

In both the DDF and MDF, tree density decreased as DBH increased (Fig 4). Represented

graphically, this pattern forms an inverted-J shape. This is characteristic of a forest wherein

Table 5. Above-ground biomass and carbon stock by area type in Ban Mae Chiang Rai Lum Community Forest in 2007 & 2018 and projected for 2028, and 2038.

Area type 2007 2018 2028 2038

Area (ha) AGB (t) CS (t C) Area (ha) AGB (t) CS (t C) Area (ha) AGB (t) CS (t C) Area (ha) AGB (t) CS (t C)

DA 992 10,371 4,874 143 5,776 2,715 123 3,200 1,504 108 2,561 1,204

RA 140 12,030 5,654 865 22,325 10,493 1,112 73,012 34,316 1,251 99,659 46,840

ReA 2,793 259,710 122,064 2,917 315,558 148,312 2,690 351,677 165,288 2,566 388,158 182,434

Total 3,925 282,110 132,592 3,925 343,660 161,520 3,925 427,889 201,108 3,925 490,378 247,475

DA = Degraded area, RA = Restored area, ReA = Retained area, AGB = Above-ground biomass, CS = Carbon stock.

https://doi.org/10.1371/journal.pone.0256005.t005

Table 6. Actual and projected carbon stock change during CFM implementation.

Area type 2007–2018 2018–2028 2028–2038 Average annual rate

CS (t C) % Change CS (t C) % Change CS (t C) % Change CS (t C) % Change

DA −2,159 −44.30 −1,211 −44.60 −300 −19.95 +122 −2.51

RA +4,839 +85.59 +23,823 +227.04 +12,524 +36.50 +1,372 +24.28

ReA +26,248 +21.50 +16,976 +11.45 +17,146 +10.37 +2,012 +1.65

Total +28,928 +21.82 +39,588 + 24.51 +46,367 +23.06 +3,829 +2.89

DA = Degraded area, RA = Restored area, ReA = Retained area, CS = Carbon stock.

https://doi.org/10.1371/journal.pone.0256005.t006
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trees regenerate consistently as found in previous studies [71–74]. This is a positive indicator

of future natural regeneration of tree species in the forests [9, 75, 76]. The result also revealed

the height-class of tree species was normally distributed, resulting in a balanced height class

size.

As reflected in Table 3, the DDF was predominantly populated by these tree species: Shorea
obtusa, S. siamensis, Xylia xylocarpa, Sindora siamensis, and Canarium subulatum, while Mill-
ettia leucantha, Lagerstroemia duperreana, Millettia brandisiana, Antidesma sootepense, and

Pterocarpus macrocarpus were the principal species in the MDF. This is consistent with previ-

ous studies of similar forests of this type in Thailand wherein these species were prominent

and of significant importance [18, 22, 23, 63, 77, 78].

Our identification of the dominant species in each forest type based on structural features,

basal area, and relative dominance, is consistent with previous studies [14, 16]. In addition, we

found only a 28.68% similarity in species between the DDF and MDF. Although, our results

showed that the difference in density, basal area, and species diversity (H0) were not statisti-

cally significant (Table 2), the species composition of the forest structures were nonetheless

distinct. This heterogeneity of vegetation patterns between the different forest types could

Fig 5. Carbon stock in Ban Mae Chiang Rai Lum Community Forest in various years of CFM implementation. (a, b) Landsat images in 2007 and 2018, (c,

d) degraded, restored, and retained areas in 2007 and 2018, (e, f) Carbon stock in 2007 and 2018, and (g, h) Prediction for 2028 and 2038.

https://doi.org/10.1371/journal.pone.0256005.g005
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contribute to the difference in the volumes of above-ground biomass and carbon in the Ban

Mae Chiang Rai Community Forest.

The estimation of above-ground biomass and carbon stock

The estimate of the average above-ground biomass of 64.57 t ha-1 projected to an average car-

bon stock of 30.35 t C ha-1 in the community forest (Table 4). Similar calculations have been

made in other deciduous forests in Thailand [26, 27, 79]. These results highlight the role of

deciduous forests in the community forest as carbon sinks that absorb CO2 from the atmo-

sphere. However, our carbon stock estimates in this study are lower than those in other areas.

This would be related to the massive number of small and young trees populating the commu-

nity forest.

Several studies have shown that trees with a DBH class size of> 20 cm had greater potential

to capture CO2 than other size classes [26, 80]. In this study, approximately 80% of the trees in

the forest were between 5–20 cm (Fig 4).

Historical encroachment, illegal logging, and deforestation robbed the forest of older and

larger trees. Positive regeneration efforts are reflected in the planting of new trees under CFM

since 2008. Yet, when compared to other studies, this community forest is composed of an

inordinate number of younger and smaller trees with a lower capacity for carbon capture. As

such, nurturing younger trees, conserving the existing adult trees and permitting natural

regeneration are imperative to reach carbon sequestration potential.

The MDF had a higher rate of carbon sequestration than the DDF. This result is similar to

findings in a study of Doi Suthep-Pui National Park, also in northern Thailand, wherein it was

determined that the total above-ground biomass of the MDF was higher than in other forest

ecosystems, including DDF [9]. Dense canopy cover and a greater numbers of trees are both

positively related to carbon sequestration rates [81, 82]. Myo et al. (2016) reported that favor-

able site conditions related to soil moisture, texture, and organic matter led to more growth

stages and numbers of species in the MDF than the DDF.

DDFs in Thailand are generally limited by environmental factors that impact plant growth.

DDFs often occur in areas with a mean annual rainfall of 1,000–1,500 mm compared with

1,000–1,800 mm in MDF [16, 17]. MDFs typically grow on moderate fertile loam soil while

DDFs have more sandy lateritic soil [16, 17, 19]. Moreover, forest fires are relatively common

in deciduous forests during dry season, especially in a DDF [14, 18, 20]. Frequent recurrence

of fires in a DDF leads to a loss of major nutrients such as nitrogen, phosphorus, calcium, and

potassium, causing a reduction in long-term ecosystem productivity [83]. These features all

contribute to and explain the higher carbon stock on the MDF.

Forests can provide different rates of biomass depending on the dominant species in the

forest [7]; carbon content in tropical species varied widely from 41.9–51.6% [8]. Increased tree

growth can yield more carbon stock underscoring the importance of restoration to promote

carbon sequestration [84]. In the DDF, Shorea obtusa, S. siamensis, Canarium subulatum, Sin-
dora siamensis, and Xylia xylocarpa provided the highest biomass. The study of Asanok et al.

(2020) demonstrated that DDF species including Shorea obtusa and S. siamensis were strongly

and positively affected by photosynthetically active radiation [85]. This suggests that they are

pioneer light demander species and are able to survive under extreme drought conditions. In

contrast, MDF species such as Pterocarpus macrocarpus, Lagerstroemia duperreana, Garuga
pinnata, Millettia brandisiana, and M. leucantha provided the most CO2. MDF species are

generally found in dense canopies when compared with a DDF that was considered to be more

open canopied. This suggests that some species are shade tolerant species in the deciduous

PLOS ONE REDD+ opportunities of community-managed forests in northern Thailand

PLOS ONE | https://doi.org/10.1371/journal.pone.0256005 August 18, 2021 13 / 21

https://doi.org/10.1371/journal.pone.0256005


forests. Therefore, some tree species may be more suitable for replanting in certain types of

forests to accelerate natural succession and maximize the storage of carbon.

The impact of CFM on reducing carbon emissions

The historical changes in LULC of the Ban Mae Chiang Rai Lum Community Forest revealed

in Table 5 and Fig 5 show that total above-ground biomass and carbon stock of the community

forest increased from 2007 to 2018 under CFM and were projected to continue to increase

from 2018 to 2028 and 2038 under ongoing CFM. Over time, the restored area expanded as

the degraded area (and to a lesser extent, the retained area) contracted. This can reflect increas-

ing tree density, growth rate, and the successful regeneration of additional species in the com-

munity forest under CFM. It implies effective local management of forest resources and a

resulting increase in carbon stock over time. There are numerous possible explanations for

this.

Partly in response to encroachment and illegal logging, CFM was implemented in 2008.

Collaborative management efforts between the government and local residents resulted in pro-

gram of forest plantation, fire protection, patrol, and the utilization of check dams. As the

result, the community forest was restored, and the damage caused by years of deforestation

and degradation was mitigated. It is evident that the community forest sector, through success-

ful management, can play a significant role in global CO2 capture and ultimately in reducing

the CO2 emissions from deforestation and forest degradation. This study in the Ban Mae

Chiang Rai Lum community forest, as with similar previous studies, is an example of this

potential [28–32].

For the 30 years subsequent to the initiation of CFM in 2008, the projections of carbon

stock changes reflect an annual carbon accumulation rate of 3,829 t C. Specifically, from 2007

to 2018, carbon stock increased a total of 28,928 t C, while it was projected to increase during

2018–2028 and 2028–2038 to 39,588 t C and 46,367 t C, respectively. Overall, annual change in

carbon stock under CFM implementation from 2007 and projected through 2038 was 0.98 t C

h-1 or an annual increase of 2.89% (Table 6). These estimates of future carbon stock varied

with those of other studies. In deciduous forests of Korea, Lee et al. (2018) found that carbon

stocks increased 15.55% between 2010 and 2015 (approximately 3.11% annually) [86]. Bhat

and Ravindranath (2011) reported that accumulation rates of carbon ranged from 0.31–3.19 t

C h-1 per year in tropical rainforests of India [87]. In the community forests of Dolakha,

Nepal, the annual rate of carbon sequestration was 2.19 t C h-1 [30].

As the volume of trees incrementally expands during each growing season, it is expected

that the rate of increase of carbon stock would also increase over 10, 20, and 30-year periods of

time. In the current study, however, the estimated amount of carbon increased 21.82%

between 2007 and 2018 and was projected to increase by an additional 24.51% through 2028,

and by 23.06% through 2038. From 2028 through 2038, the rate of projected increase actually

slowed by 1.45%. A possible explanation for this result may be related to the level of effective-

ness of forest management.

In a study conducted in the same area, Thammanu et al. (2021) found that distance from

communities was negatively related to the composition and distribution of trees in the com-

munity forest [88]. This supports a conclusion that that utilization of forest resources affects

tree species. In addition, dipterocarp species were often used as firewood in households, and

since dipterocarp species are crucial carbon stock contributors, this could inform the impact

of CFM on carbon stock in the community forest.

Previous studies have demonstrated that utilization of forest resources was closely associ-

ated with tree species. Extraction of forest resources can alter species composition and
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distribution [89] and unsustainable utilization of forest resources can result in decreased

regeneration of tree species and tree populations [90, 91]. Over-exploitation of forest resources

not only affects species diversity, but also has a long term, harmful impact on ecosystem health

and resiliency [92]. Consequently, using resources in an inappropriate manner, or over-use of

resources, may decrease the forest productivity that provide benefits to communities. Thus,

continued improper utilization of forest resources could theoretically inhibit the continued

increase of carbon stock in the years to come.

Myriad factors contribute to forest fires in Thailand. Primary among them is NTFP harvest-

ing in forest areas [93]. People in the remote area rely on their indigenous knowledge for col-

lection of NTFPs such as edible plants, bamboo shoots, ant eggs, small animals, honey bee,

mushrooms [94, 95] and fires are often used as a management tool for harvesting NTFPs [96].

This human activity combined with the 5–6 months of dry season and drought conditions of

deciduous forests [18, 20] make these areas sensitive to regular forest fires and the harmful

impact they have on carbon stock. Tree species in deciduous forests are naturally able to adapt

to grow in drought areas with poor soil properties, high aridity, and fire disturbance [18, 97,

98], but long-term extreme conditions can still have a negative impact on tree species regener-

ation, productivity and on the forest ecosystem [22, 83].

However, another reason would be forests tend to stabilize their growth as they reach matu-

rity over time. In general, early stages of stand development feature higher growth efficiencies,

and older growth forests can have ecosystem net productivity near zero and even possibly neg-

ative [99, 100]. As such, trees may reach maximum levels in an old-growth stage resulting in a

slower rate of carbon stock increases. Understanding the characteristics and dynamics of

deciduous forests and human behavior helps to inform a strategy to manage forests and limit

the impact of that behavior.

The opportunities for REDD+ in the community forest

As reflected in Table 5, in 2018 the total carbon stock in Ban Mae Chiang Rai Lum Community

Forest’s complete 3,925 ha area was estimated to be 132,592 t C or 486,612.64 tCO2e by apply-

ing the standard conversion rate of 1 ton C / 3.67 tons of CO2e [101]. Comparing carbon stock

in pre-CFM 2007 with that in 2018 after a period of CFM reflects an increase of 28,928 t C or

106,165.76 tCO2e (Table 6).

A carbon offset price depends on several factors. Not knowing project costs, buyer prefer-

ences and other factors that contribute to and affect pricing limits the ability to determine an

actual price or identify overall economic benefit to a community and increases uncertainty in

speculating about such benefits.

The average price for Forestry and Land Use activities was used to derive an estimate of

the carbon offset in this study [102]. Assuming a carbon offset price in the voluntary mar-

ket of US $3.20 per ton CO2e in 2018, this carbon stock would have returned US

$339,730.43 or US $86.56 per ha to the communities. By comparison, other studies around

the world have generated carbon savings estimates. Under CFM in a dry forest in West

Africa, it was estimated to be US $120 per ha [28]. In Nepal, the benefits of REDD+ to for-

est communities was US $152 per ha in the Ludikhola watershed and US $29 per ha in the

Kayarkhola watershed [32].

Gurung et al. (2015) suggested that protection of the community forest through effective

forest mechanisms, more so than in government managed forests, could result in higher den-

sity of carbon [31]. As such, our findings indicate that increased carbon sequestration under

CFM could be an attractive opportunity to provide subsistence and other economic benefits to

rural communities similar to other countries.
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Currently, there are over 17,400 villages in Thailand [36]. Ban Mae Chiang Rai Lum Com-

munity Forest is an example of collaborative success managing forest resources between local

people and the government, success that can have positive and significant environmental and

economic benefits.

National and widespread efforts to involve community forests in the expansive policies and

strategies of REDD+ and its international carbon market would be progress for local commu-

nities toward sustainable forest management. Focused efforts to protect forest resources can

contribute to addressing the problem of climate change through the reduction of CO2 emis-

sions as well as provide significant economic benefits.

Historically, a lack of a specific framework for implementing CFM inhibited the effective-

ness of local management in developing strategies and providing technical knowledge and

assistance to CFM members [95]. To an extent, this was addressed by Community Forest Act

B.E. 2562 wherein local decision making authority was formally provided thereby incentivizing

participation, expanding local control and creating new opportunities to benefit from success-

ful management.

Conclusions

Our study provides insights into the structure of two deciduous forests. Although forest struc-

ture and species composition varied between the DDF and MDF, there was no difference in

above-ground carbon stock. Overall, the potential for carbon-market based economic value

inuring to the community indicates that REDD+ and its policies and strategies could be a

good opportunity under CFM. Resulting benefits to the environment as well as financial bene-

fits to the community could incentivize more involvement in managing forest resources in

other areas. Rapidly increasing CFM projects in Thailand and laws permitting more local deci-

sion making can also facilitate implementation.

However, it is projected that the rate of carbon stock increase in the community forest will

slow over time. This suggests that human activity and unstainable forest management may

negatively impact the accumulation of carbon stock. Consequently, the management practices

of Ban Mae Chiang Rai Lum should address utilization of forest resources. Promoting NTFP

utilization sustainably should be prioritized as a strategy crucial to maintaining carbon stock

in the community forest. Forest fire protection measures and restoration policies to reduce the

impact of drought conditions as exacerbated by human activity are important components of

effective forest management, all of which facilitate tree species abundance and proliferation

while reducing carbon emissions.

Therefore, community forest projects implementing REDD+ in Thailand could be a crucial

component and strategy toward successfully achieving the country’s target of reducing its

greenhouse gas emissions by 20% by 2030. Nevertheless, more encompassing data regarding

structure and carbon sequestration in community forests nationwide is not presently available.

Taking advantage of REDD+ opportunities and realizing all potential benefits, economic and

otherwise, requires more extended studies of community forests in Thailand. Only through

such an assessment can the local people and governments be fully prepared for REDD

+ implementation.
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