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Abstract 

 

To assess the feasibility of a program to reduce carbon emission and degradation of 

forestland under intensive local uses of forest resources, we studied the land-use and biomass 

changes, fuel consumption, and land-use preferences of locals in the Moe Swe Tract in 

central dry deciduous forest area in Myanmar. Based on satellite images (LANDSAT) 

acquired in 1995, 2005, and 2015 of the target region of 200 km
2
 (20 × 10 km), we found that 

the areas of young regenerating forest and mature forest were reduced by 25% and 27%, 

respectively, from 1995 to 2015, whereas the area of shrubland that developed after 

deforestation increased by 34%. Total biomass reduction was estimated as 22% during the 

study period. Most of the land-use changes and forest degradation occurred from 2005 to 

2015. During that period, local use of fuel wood for charcoal accounted for 68% of net 

biomass losses, although the proportion of fuel wood consumption was 28% when biomass 

growth was considered. Illegal logging has continued in remnant mature forest areas and was 

responsible for the rapid biomass reduction, so guarding the forest by patrolling was 

evidently not effective to prevent biomass loss. Our findings indicate that an action plan of 

land-use zoning is urgently needed to maintain the biomass (carbon stocks) in remaining 

mature forest patches and to encourage forest regeneration to meet the local demand for fuel 

wood in the vicinity of villages. 

 

Key words: carbon stocks, deforestation, forest degradation, local benefit, REDD+, tropical 

forest  
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1. Introduction 

Myanmar has suffered from very rapid and intensive deforestation and forest 

degradation. Approximately 7.44 M ha of forest was lost between 1990 and 2010 (FAO 

2010), resulting in a 19% loss of forest land and an annual deforestation rate of 1%, which is 

higher than any other country in Southeast Asia (FAO 2015). Deforestation has been 

particularly intense and rapid in areas where the driving forces of land-use conversion are 

active, such as those in Shan State in northern Myanmar, whereas forest degradation has 

prevailed in the countryside, particularly in areas adjacent to cropland or new settlements. 

This land and forest degradation is mostly attributed to the intensive use and dependence on 

forest resources in Myanmar (FAO 2009, Htun et al. 2013, Rao et al. 2002). 

 From the viewpoint of global warming and climate change, the protection of forest 

land in the tropics is an urgent issue. Proper plans of action with economic incentives must be 

undertaken to conserve forest land and mediate deforestation and tropical ecosystem 

degradation, which contribute to increased CO2 emissions at the global scale (Fanin and Van 

der Werf 2015, Fearnside et al. 2009, Gibbs et al. 2007, Van der Werf and Peterson 2009). 

Efforts to reduce CO2 emission from deforestation and forest degradation (REDD+) have 

been expected to provide such long-term incentives in developing countries, and many 

experimental trials have been undertaken for the protection of carbon pools in the tropics 

(Busch et al. 2011, Minang and van Noordwijk 2013, Pasgaard 2013, Sangermano et al. 

2012). Nevertheless, tropical forests provide extensive and diverse ecosystem services (e.g., 

Costanza et al. 1997, Edwards et al. 2014, Myers 1996, Okuda et al. 2003), providing 

indispensable resources for local communities and people. If it ignores considers on the 

tangible and intangible benefits of forest, and only highlights carbon pools, the REDD+ 

scheme will not be successful. Therefore, a strategic plan should be established to find better 

management options that will secure local benefits under the REDD+ scheme. 

 However, no quantitative indicators have been proposed to overcome the conflicts 

between preserving forest carbon pools and providing local benefits. Although the 

“safeguard” concept has been raised and legitimized, it remains vague and unpractical. Along 

this line, we urgently need to identify the indicators that facilitate supplying the needs of local 

communities while maintaining carbon pools. The target area of this study has experienced a 

reduction in biomass and closed-forest coverage, primarily due the intensive local use of 

forest resources.  

 The objectives of the present study are (i) to analyze spatiotemporal land-use and 

biomass changes in the northern part of the central plain area of Myanmar; (ii) to examine the 

extent to which local uses (e.g., fuel wood consumption) are contributing to total biomass 

losses in the target area; and (iii) to suggest some land-use management options that can 

facilitate the provision of local benefits and reduction of total carbon losses in the study area. 

2. Study area and methods 

We chose a study area of 10 × 20 km in Moe Swe village and its vicinity (hereafter 

“Moe Swe Tract”; 1955’N, 5754’E), Oke Ta Ra Thiri County of Oke Ta Ra Prefecture, 65 

km northeast of Nay Pyi Taw (Fig. 1). Within this area, we surveyed the spatiotemporal 



changes in land-use and forest biomass (aboveground biomass of forest). The study area is 

located in the dry zone of Myanmar, and overall the vegetation is characterized as mixed 

deciduous forest (Chan et al. 2013). 

 The study area has been designated as a “forest reserve” since the early 20th century 

(Thein and Naing 2011). In addition to forest land, it includes cropland (mostly paddy fields 

and mowing and grazing land for cows and water buffalo), secondary forest that regenerated 

after the harvest of timber trees (mostly teak trees and other canopy-forming trees) in the 

1980s, and a teak (Tectona grandis) plantation that has been developed and operated by the 

Forest Department and Forest Research Institute, Myanmar. The Moe Swe Tract includes 

seven villages (Moe Swe, Leong, Guencho, Banting, Menten Ya, Myo Luwintaya, and Nyan 

Biye Vine), with a total of 1396 households (personal communication with Mr. Myint, a Moe 

Swe village head). 

 The elevation of the study area ranges from 150 to 400 m, with gently and undulate 

rolling hills and swampy areas where paddy cultivation is practiced. The overall landscape 

can be described as a flat plateau without any distinct peaks. The average monthly 

temperature ranges from 24.5 to 32 °C, with a distinct dry season from January to early April 

and a rainy season from late June to early October. The average temperature and annual 

precipitation were 24.5 C and 1421.1 mm, respectively, from 2014 to 2016 (Moe Swe Forest 

Research Station). 

 

2.1 Land-use changes in relation to local accessibility of the forest resources 

We developed land-use maps of the 200-km
2
 area for 1995, 2005, and 2015 based on 

satellite images (LANDSAT TM/ETM+, hereafter LANDSAT) and ground surveys (Fig. 1), 

and classified six land-use types in the area: (1) tall tree forest (naturally developed mature 

forest, but traces of commercial logging operations in the 1970s, canopy height > 15 m), (2) 

young regenerating forest (naturally regenerating forest after the logging operation, but 

canopy height has been suppressed to <10 m due to fuel wood collection by locals), (3) shrub 

land (very early stage of succession after clear cutting), (4) paddy fields, (5) cropland, and (6) 

residential areas (Fig. 1). The maps were subdivided into the grid cells (pixels, 10 × 10 m), 

which were represented by the most dominant land-use type within each grid cell. The total 

number of grid cells represents the total area for each land use type. 

 The land-use classification accuracy was examined by ground-truthing the vegetation 

map made from the 2015 LANDSAT image. The ground-truthing was conducted in August 

2016, so it occurred a year after the 2015 images were captured, but we intended to choose 

ground-truth points where no extensive land-use operations (e.g., logging or cropland 

extension) had ever been conducted or not within ___ years prior. We were not able to verify 

the accuracy of the vegetation maps for 1995 and 2005, but we could examine whether a 

proved land-use type shown in the 2015 map could be extrapolated to a similar land-use type 

shown in the 1995 or 2005 map. 

 



 

Fig 1. Spatiotemporal changes of land-use types, including paddy fields, cropland (upland 

farming area), and residential areas in the study area (20 × 10 km). Shrub land, young 

regenerating forest, and tall tree forest were distinguished by forest physiognomy (closed or 

open) and canopy height (< 5 m, 5–10 m, and >15 m, respectively) and correspond to the 

forest community types NGF, GF, and FRA, respectively. 

 

2.2 Aboveground biomass of forest communities based on a plot survey 

We placed 46 circular plots (10-m radius) in three types of vegetation classified with 

regard to the history of the stands: nonguarded forest (NGF, mostly freely accessible forest 

for the villages, loggers, and other NTFS collectors), guarded forest (GF, young regenerating 

forests still in the developing stage, under the periodic patrol of district foresters and officers 

and researchers from the Forest Research Institute), and forests in remote areas (FRA, forests 

that usually are remote from villages and have poor accessibility for locals). 

Within each plot, all trees (≥ 5 cm in DBH) were measured for diameter and height. 

Aboveground biomass was then calculated for each individual tree based upon its allometric 

relationship with height and DBH (Chave et al. 2015), and total aboveground biomass 

(TAGB) was obtained by summing the aboveground biomass of all measured trees in each 

plot. 

 

2.3 TAGB for each forest community type 

By using the number of pixels obtained for the three forest land-use types and mean 

TAGB of the three forest types (GF, NGF, and FRA), we analyzed the spatiotemporal 

changes of forest TAGB across the entire study area. Farming (cropland, paddy field) and 



residential areas were excluded from this analysis, and the three forest types distinguished 

from LANDSAT images and plot surveys were regarded to correspond with each other; that 

is, tall tree forest, young regenerating forest, and shrub land identified on the land-use maps 

corresponded to FRA, GF, and NGF, respectively. The mean values of TAGB calculated 

based on plot surveys were then employed for estimating the TAGB for each forest type 

identified on the vegetation map. 

 

2.4 Local uses of forest resources and villagers’ preferred land-use types 

We conducted interviews with Moe Swe villagers regarding their charcoal 

consumption for fuel energy uses. No fossil fuels (e.g., propane gas, kerosene, coal) are 

available in the village, so all heating materials for cooking come from forest resources. We 

also interviewed several restaurant owners in the village about their charcoal consumption. 

 In the present research, we attempted to analyze how local benefit can be secured 

while sustaining the carbon stocks in the forest. We conducted interviews with members of 

31 households, inquiring about their preferred land-use (forest) types in relation to the 

distance from their residential area. Their preferred land-use types were categorized as either 

near the village area (< 2 km from the residential area) or remote (> 10 km). These categories 

are intuitive and reflect whether the fuel and other forest resources are within a walking 

distance so that villagers can collect timber or fuel wood materials manually without 

mechanical power (e.g., trailer). 

 

3. Results and Discussions 

3.1 Land-use changes in relation to local accessibility of forest resources 

The results showed that deforestation was more apparent and serious during the 

decade from 2005 to 2015 than in that from 1995 to 2005 (Fig. 2). During the 20-year study 

period, the shrub land increased by 34%, whereas young regenerating forest and tall tree 

forest decreased by 25% and 27%, respectively. The area of tall tree forest had actually 

increased by 21% from 1995 to 2005, but it sharply declined by 38% from 2005 to 2015. This 

variation is probably due to progressive forest maturity that occurred in the southeastern part 

of the study area, where the proportion of young regenerating forest decreased because the 

trees matured into tall tree forest from 1995 to 2005. Thus far, we have no evidence that can 

clearly explain why such progressive succession occurred in this area, but it may be 

attributable to the temporary fallow period of shifting cultivation or the cessation of human-

induced forest fires. Forest degradation with reductions in canopy height and biomass volume 

has been more frequently observed on the upper part of the hillslopes and on ridge tops than 

in the lower part of hills or valley floors, where vegetation recovery may be faster. After 

2005, both tall tree and young regenerating forests decreased from the original forest edges 

adjacent to farming areas, as paddy field area increased by 196% and cropland (upland 

farming area) increased by 17% from 1995 to 2015. The residential area did not show any 

distinct increase, although the population in the Moe Swe village increased by 60% from 

1993 to 2015 (personal communication with the village head). 



 

Fig. 2. Temporal changes in the six land-use types (cropland represents upland farming 

areas), in the 200-km2 study area. 

 

Spatial variation in TAGB 

The average TAGB of FRA showed the highest value (1792 ± 32.3 t/ha), followed by 

GF (116.2 ± 28.5 t/ha) and NGF (6.3 ± 6.8 t/ha; Fig. 3). The difference in TAGB was 

significant between FRA and NGF (P<0.01, Turkey multiple comparison), but not between 

NGF and GF, indicating that guarding forest by patrolling does not function in maintaining 

the TAGB (carbon stock). It should be noted that both GF and NGF are located within a few 

kilometers of the central part of the village. 

 Poor accessibility of the forest appears to play a role in maintaining the biomass to 

some extent. However, considering the illegal logging that still occurs in FRA, the remaining 

volume may suffer rapid and extensive reduction in TAGB to the level of NGF. During our 

tree census over the past 1.5 years, our study plots were logged twice. The large merchantable 

sized trees left by loggers in our first visit were all extracted 1 year later. 

 The tree census plots in GF and NGF consisted of many small trees (<10 cm DBH), 

whereas the plots in FRA still included many larger trees (> 30 cm DBH), but as noted above, 

these areas have suffered from illegal logging during the study period. In contrast, the trees in 

the GF and NGF were logged mainly for fuel consumption by the villagers, who mostly 

extract fuel wood from the coppices, because many sprouts were found surrounding main 

stems of trees in these forest types. The trees are therefore maintained at a small size. As long 

as trees can sustain regenerating potential to maintain the present standing crop by coppice 

regeneration, the biomass of GF and NGF can be sustained at present levels, provided the 

villagers use these forest resources only for the extraction of fuel wood. 

 



 

Fig. 3. Average total aboveground biomass (TAGB) in the three types of forest: NGF, 

nonguarded forest; GF, and guarded forest; FRA, forest in remote area, which correspond to 

shrub land, young regenerating forest, and tall tree forest, respectively. Vertical bars represent 

the ±1 SD and different letters indicate a statistical difference between the two forest types (P 

< 0.05). 

 

3.2 Temporal changes in TAGB in relation to local use 

The TAGB of the entire study area did not show distinct changes from 1995 to 2005, 

but it was reduced by 22% between 2005 and 2015 (Fig. 4). This is mainly because forest 

succession in the southeastern part of the study area offset the reduction of TAGB in the other 

part, whereas elsewhere TAGB declined from 2005 to 2015 regardless of the distance from 

forest patches to villages or the main road. 

 Interviews revealed that fuel consumption by local villagers was about 5 t/year (100 

packages × 50 kg) per household. There are about 10 restaurants that each consume fuel 

charcoal of 18 t/year during regular operation, for a total of 180 t/year. Multiplying the 

household average by the 1396 households in the village and including restaurant 

consumption gives total fuel wood consumption of 7160 t/year (carbon basis) or 143,000 

t/year (TAGB basis for 10 years) in the study area. The fuel wood is collected within the 

village area and has not been imported from elsewhere. Thus, we estimate that the 

consumption of charcoal was responsible for 68% of the net loss of TAGB from 2005 to 

2015.  

 However, this proportion should also be examined while accounting for net primary 

production. In this respect, given that biomass growth of the dry deciduous forest community 

in this region is 2–5 t/ha/year during the regenerating stage, the proportion would be reduced 



to only 13–25% of the net loss of TAGB. If this is the case, then fuel consumption can likely 

be sustained by the regeneration potential of the forest, provided that proper forest 

management is introduced, such as AR activities encouraging the natural regeneration or 

enrichment planting. 

 

Fig. 4. Temporal changes in total aboveground biomass (TAGB) from 1995 to 2015 in the 

study area. 

 

3.3 Optional land-use preference and affinity to natural resources by locals 

Our interviews revealed that local people tend to prefer forests with high carbon 

stocks (biomass stocks) and biodiversity (including wildlife), provided they exist in areas 

remote from their villages. This indicates that local people recognize and accept the tangible 

and intangible importance of ecosystem services such as those of biodiversity, carbon stock, 

and CO2 sequestration, which will be helpful when attempting to implement feasible and 

practical land-use zoning plans. 

 

4. Conclusions 

With regard to the actual differences in GF, NGF, and FRA, we note that guarding 

operations (by range mangers or forest officer’s patrol) are not noticeably effective for 

protecting the biomass, mostly from local fuel wood consumption. It is also evident that poor 

accessibility to the forest resources results in greater biomass in forests remote from villages. 

Thus, the regeneration potential of secondary forest patches in the vicinity of the village will 

be a key to whether or not local benefit can be sustained in the short- and mid-term periods 

(<10 years). 



 In contrast, it appears that the TAGB in FRA will be reduced and no longer serve as a 

carbon pool, because intensive illegal logging operations are rapidly removing trees from 

these forests. The main stems of logged trees were processed as planks by loggers using 

chainsaws and soon extracted from the forest. The remnant parts (twigs and foliage) were 

then converted to charcoal using temporary on-site char-grills. Thus, the high demand for 

charcoal is contributing to the biomass losses in FRA. Nevertheless, free access to the timber 

resources in these areas should be stopped for the implementation of REDD+. It should be 

noted the one-time logging of large trees results in extensive loss of forest biomass (Fig. 5). 

 It appears that the distance from the village to the core area of FRA is beyond the 

villagers’ capability of transporting the extracted timbers manually by themselves. Thus, a 

ban on illegal logging may influence the secondary use of logged trees for charcoal. It should 

be noted that illegal logging is still common over almost all of the study area. The direct 

actors contributing to the forest degradation are illegal logging operations, not local fuel 

users. In fact, the proportion of local fuel use from among total forest production is not 

extensive (<25%). If forest regeneration is encouraged, forest degradation might be 

alleviated. Nevertheless, the illegal extraction of large trees will result in the extensive loss of 

carbon stock from the forest. Unless these issues are solved, the REDD+ scheme will not be 

achieved. 

 We suggest that logging operations for timber production should be demarcated 

(separated) from the livelihood zone and should be under a proper management scheme with 

stringent control of timber extraction, possibly by the introduction of a chain of custody 

program. Our interviews with local villagers indicate that they would likely cooperate with a 

land-use zoning plan. The best mixture of controlled land uses will secure the long-term 

reduction of CO2 emission from the projected REDD+ area. 

 

 

Fig. 5. Comparisons of aboveground biomass (AGB) for each size class and number of 

individuals between nonguarded forest (NGF) and forest in remote areas (FRA). NGF is 

located close to the villages. FRA consists of very few large trees that make a large 

contribution to the TAGB of the forest, whereas NGF consists of a large number of small 

trees. 
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