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proper management strategies causes the PAs to divert from their purpose resulting to weak 

and partial restriction and regulations over the conserved area. When regulatory control is 

particularly weak, protected areas can even exacerbate forest cover change by creating de facto 

open access regimes (Blackman et al., 2015; Liu et al., 2001; Wittemyer et al., 2008).  

Tropical forests cover nearly half of the earths forest coverage and the region is also 

densely populated with millions of poor people solely dependent on forest resources for their 

daily livings.  Over dependency and excessive demand for forest resources in the tropical areas 

also leads to a conflict of production and conservation which increases the chance of PAs to 

fail to meet their objectives. In many tropical countries with high population densities, PAs 

coexist with people in uneasy, tightly coupled and fractious relationships (Mukul et al., 2012; 

Nagendra, 2008). Tropical deforestation is a threat and to mitigate the deforestation in the 

tropics PAs are established but deforestation is also occurring within the PAs. So it is important 

to understand the rate and extent of deforestation as well as the drivers responsible for this. 

1.2 Deforestation in Protected Forest Areas of Bangladesh 

Tropical forests in Bangladesh are mainly spread over Chittagong hill tracts, Cox’s 

Bazar and Sylhet totaling 0.67 million hectares which is 4.54% of total landmass of the country 

and 44% of the national forest land. Despite having high biodiversity, the country has one of 

the lowest per capita forest land (Mukul and Quazi, 2009) experiencing one of the highest rates 

of deforestation in south Asia (Poffenberger, 2000).  Deforestation is a concerning issue for 

Bangladesh because of its highly vulnerable to the global climate change impact. As a strategy 

to stem the deforestation PAs were established in Bangladesh from the 1980’s (Chowdhury 

and Koike, 2010) and currently there are 34 PAs covering nearly 0.27 million hectares of forest 

land (Mukul et al., 2017). Among the 34 PAs, 17 are national parks and 17 are wildlife 

sanctuaries (Table 1.2 shows the list of wildlife sanctuaries of Bangladesh). Additionally, there 

are 5 eco-parks and 2 safari parks in Bangladesh, which also is recognized as protected areas. 

Alike other PAs in tropical areas, some PAs in Bangladesh are also experiencing deforestation 

and land cover change within their boundaries (Islam et al., 2017; Alam et al., 2014). On the 

context of climate change and global deforestation, establishment of PAs are considered as a 

mean to stem deforestation but deforestation within the PA boundaries is a concerning issue. 

Identifying and understanding the drivers responsible for deforestation in the tropical area PAs 

are a very important and concerning issue considering the contemporary global deforestation. 
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1.3 Research Framework and Objectives 

As described in the previous section, the focus of this study is deforestation within and 

around the protected forest areas of Bangladesh (Figure 1.1). The study area of deforestation 

is Teknaf Upazila (Upazila is a unit of administration under District administration) part of the 

peninsula of the south coastal area of Bangladesh under Cox’s Bazar District focusing on the 

deforestation of Teknaf Wildlife Sanctuary (TWS). This study attempts to elucidate the cause 

and impact of the deforestation drivers in the tropical protected forest area of Bangladesh.  

Deforestation is a complex and multiform process which is difficult to be represented 

and described precisely by a single approach. In this study, deforestation process will be 

described using the proximate-underlying approach developed by Geist and Lambin (Geist and 

Lambin, 2002). According to this approach they summarized 152 sub-national case studies of 

tropical deforestation into three proximate causes – the expansion of agriculture, wood 

extraction and infrastructure development; and the five underlying driving forces: demographic, 

economic, technological, policy & institutional and cultural factors. Proximate causes of 

deforestation are the human activities that directly affect environment and underlying forces 

are fundamental forces that underpin the proximate causes. The combination effect of 

proximate causes and underlying driving forces linked to land use and land cover change have 

also been conceptualized by others (Meyer and Turner 1992, Turner et al. 1993, Ojima et al. 

1994 and Lambin et al. 1999) and the approach developed by Geist and Lambin based on 

proximate-underlying forces are also been widely used in many tropical deforestation studies 

(Muller et al. 2012, Petursson et al. 2013) now-a-days.   

This thesis will use proximate causes to describe the deforestation process and its 

impact on forests. Geist and Lambin (Geist and Lambin, 2002) described three major proximate 

causes in their study i.e. the expansion of agriculture, wood extraction and infrastructure 

development. Based on those three proximate causes, similar deforestation drivers were seen 

in Teknaf peninsula.  Expansion of agriculture was found in the form of betel leaf (local term: 

paan) cultivation inside and around the protected forest area. The local people of Teknaf 

Peninsula is solely dependent on fuelwood collected from the forest which represents the wood 

extraction deforestation driver. Infrastructure development was found in the form of settlement 

expansion inside the forests. In the Teknaf peninsula, settlement expansion, paan cultivation 

and fuelwood collection are the most prominent and visible deforestation drivers. In this study 

deforestation process was described based on these three proximate causes.  
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Over the thesis we will describe the factors responsible for the proximate deforestation 

drivers and determine their impact on the protected forests.  In this study, first the deforestation 

rate will be calculated and land coverage change will be described by analyzing satellite images 

obtained from the past 25 years to elucidate the extent of the current scenario of the forest with 

the deforestation rate. After determining the deforestation rate the deforestation process will 

be described by the proximate causes of deforestation. This study will investigate the factors 

having impact on deforestation drivers and also describe the impacts of the drivers on the 

deforestation process. This study will focus on determining and describing the cause and effect 

of each deforestation drivers rather than combining the spatial and socio-economic data to 

perform regression analysis 

The key research question of this study is – how the deforestation is occurring in the 

protected forests of the Teknaf Peninsula? To find the answers to the question the following 

objectives are set. The objectives are 1) to determine the deforestation rate in the PAs, 2) to 

understand the factors influencing the deforestation drivers and to describe their impacts on 

forests and 3) finally to reflect on possible policy recommendation for PA management in 

Bangladesh. 

1.4 Limitations of the Study 

. This study was undertaken with a view to have an understanding of the drivers and their 

effect on deforestation. In order to conduct the research in a meaningful and manageable way 

it becomes necessary to consider some limitations in regard to certain aspects of the study. 

Considering the time, money and other resources, the following limitations have been observed 

throughout the study – 

1. The study was confined to Teknaf Upazila in the coastal area of Bangladesh, all the 

discussions and policy alternatives suggested will be based on the findings in this specific 

area. 

2. Satellite images used to analyze deforestation overtime did not follow certain time intervals 

rather the images were selected based on the best availability of the pictures. As a result, to 

analyze deforestation for the we used pictures of 1989, 2004, 2007, 2009 and 2015. 

3. Characteristics of the local people are many and varied, but due to limited time and resources 

it was not possible to consider all socio-economic aspects. Hence basic characters i.e. age, 

income, education, household size and condition were considered for analysis. 
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4. During some cases of face to face interview in some cases, due to shyness and reluctance,the 

respondents did not want to give information of some topic such as age, income and 

education. But with the help of local researchers we tried to establish proper rapport and 

overcome this barrier.  

5. For developing socio-economic database and village lists we followed the government list 

provided by the Statistic Bureau but in the field six villages were missing.   

1.5 Thesis Structure   

 The thesis structure is developed based on the objectives. Figure 1.2 illustrates the 

organization of the thesis.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.2 Structure of the Thesis 

Already described above, the first chapter provides circumstances and background 

information regarding climate change and tropical deforestation. This chapter provides the 

importance of the study with background information of the problem and stating the objectives 

of this study. It describes that tropical deforestation is an important issue in the context of 

mitigating the effect of global climate change. Establishment of protected areas (PAs) 

worldwide is a popular mean to prevent deforestation but deforestation is also happening within 

the boundaries of PAs in tropical areas. More specifically, Bangladesh is also facing 

deforestation in the PAs which is concerning to the overall deforestation scenario of the country. 

Considering these circumstances this thesis aims to investigate and overlook the deforestation 

rate, its cause and impact on the forest in TWS of Bangladesh.  

Chapter 6: Conclusion 
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2.2.2 Methods and Data 

2.2.2.1 Satellite Image Analysis 

To investigate the land cover change in the forest area analyzing Landsat images is the 

most widely used scientific method by the researchers. In this study Landsat images of 1989, 

2004, 2007, 2009 and 2015 will be used because of the best available pictures of our particular 

study area. A Landsat image consists of 30 x 30 m cells. Each cell is assigned with values 

measured by multiple sensors. Landsat image cells within the study area were processed and 

categorized according to the values of the Normalized Difference Vegetation Index (NDVI). 

NDVI has been extensively applied in forest-related analyses based on remote sensing data 

(e.g., Justice et al. 1985). NDVI is an index of the density of green plants on a patch of land, 

and is calculated based on the difference in values between the visible red and the near-infrared 

sensors. NDVI value ranges from +1, highest active green to -1.  

In case of this study, Landsat cells that having less than 0.4 NDVI were first eliminated 

from the analysis because poor vegetation coverage and termed as Class 0. The remaining cells 

were classified by changes in NDVI during the dry season of a particular year. For this study, 

cells were clustered using the Iterative Self-Organizing Data Analysis Technique (ISODATA) 

based on a series of NDVI values obtained for every month from the beginning of the dry 

season (November) to its conclusion (March–April) during any one year. As a result, three 

classes of cells were identified, of which Class 3 cells, which entailed the highest NDVI value, 

were postulated to contain mature trees or forest. However, ground truth data collected at 63 

locations classified as Class 3 indicated that these cells did not necessarily contain mature trees. 

This is because the presence of grassy plants and shrubs could also result in a high NDVI value. 

Therefore, a second step in the analysis is conducted on Class 3 cells entailed segregating these 

cells into those with trees and those with only a few trees. For this step, one satellite image for 

a year was selected for analysis. The timing of the image was as close as possible to the end of 

the dry season, when the majority of grassy plants were likely to have died, so that the NDVI 

value reflected the presence of perennial trees. Each cell belonging to Class 3 within this 

selected image was analyzed, focusing on three types of spectral characteristics: NDVI, 

Normalized Difference Water Index (NDWI), and Green-Red Vegetation Index (GRVI). This 

analysis yielded three new clusters (3, 4, and 5) produced out of the former Class 3, resulting 

in a total of five classes. The presence of trees within the locations of the three new classes was 

verified using high-resolution satellite images and the ground truth method, confirming that 

cells within Classes 4 and 5 had trees.  
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2. 3 Results 

2.3.1 Land Cover Change in the Teknaf Peninsula 

2.3.1.1 Land Coverage Change in the study area 

The study area considered for land coverage change was 20577.11 ha including the TWS.  

Table 2.1 shows the land coverage change of each land class based on NDVI. Figure 2.3 to 2.7 

shows graphical representation and percentage of land cover change from 1989 to 2015. Class 

0 includes the area having NDVI value less than 0.4 which is not shown in the maps in Figure 

2.3. During 1989, Class 5, considered to be forest area was 3734.24 ha and decreased to 

1999.62 ha within 2015. Significant increase was observed in case of Class 2, which increased 

from 22% to 34% during the last two decades and covering 6898.93 ha areas in 2015. 

Table 2.1 Land coverage change in the study area from 1989 to 2015   

2.3.1.2 Land Coverage Change Inside the TWS 

Table 2.1 and Figure 2.8 to 2.12 shows the land coverage change from 1989 to 2015 inside the 

TWS. The forest area (Class 5) inside the TWS was 2653.06 and decreased nearly 64% to cover 

only 952.17 ha areas in 2015. Inside the TWS except land Class 4 and 5, other land class 

increased their coverage. Among the increased land classes, class 2 increased to 42% land 

coverage in 2015.    

       Land Class 
based on NDVI 1989 (ha) 2004 (ha) 2007 (ha) 2009 (ha) 2015 (ha) 

TWS 

0 706.26 821.98 982.20 855.15 765.26 
1 448.49 753.98 505.76 551.26 699.97 
2 3230.95 5131.76 4982.77 4876.20 4851.46 
3 2074.25 2231.30 1782.09 2183.27 2129.80 
4 2501.99 1805.92 1217.15 2126.54 2216.35 
5 2653.06 870.06 2145.03 1022.58 952.17 

 

Study area 

0 4143.12 4030.80 4417.92 3751.19 2844.96 
1 2731.30 3070.24 2463.94 2686.76 3195.80 
2 4624.33 6778.54 6785.53 6839.33 6898.93 
3 2216.09 2494.06 1939.75 2432.92 2481.91 
4 3128.03 2406.52 2204.84 2894.24 3155.89 
5 3734.24 1796.95 2765.14 1972.68 1999.62 
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2.3.2 Land Cover Classes and Ground Photos 

The photos taken while walking through the trail are categorized into 6 groups (described is 

methodology section) based on the visual judgement. Each photo has GPS information and 

based on that GPS information the photos are plotted against the land classes based on NDVI. 

This allows to have a clearer vision of the forest land cover change in the study area. Based on 

the Table 2.2 the NDVI classes are defined.  

Table 2.2 Land cover class plotted with photos 

NDVI Class 

Ground Photo Numbers by Different Categories  

Grass Land 
with small 

bushes 
Short Bush  Tall  Bushes  

Bush area 
with Low 

tree 
coverage 

Lean Forest Dense 
Forest Total 

1 12 
(50%) 

7 
(30%) 

3 
(13%) 

2 
(7%) - - 24 

2 56 
(22%) 

77 
(31%) 

89 
(36%) 

28 
(11%) - - 250 

3 13 
(16%) 

6 
(8%) 

16 
(20%) 

32 
(40%) 

13 
(16%)  80 

4 5 
(7%) 

5 
(7%) 

5 
(7%) 

4 
(6%) 

42 
(67%) 

4 
(6%) 65 

5 - - - - 2 
(3%) 

94 
(97%) 96 

Total 86 95 113 66 57 98 515 

 

Table 2.2 provides better understanding about the NDVI land classes. In case of Class 5, it 

contains 97% dense forests and 3% lean forests. Where Class 4 contains 73% forest areas. 

Class 3 is dominated by bush areas with very low coverage of trees (40%) following tall bush 

areas (20%).  Class 2 is mainly composed of bush areas covering 66% photos of bush. Class 1 

is dominated by small bushes and grass land. From the results presented in Table 2.2, five 

NDVI classes are defined the and use the new terms in the further part of the study. The classes 

can be defined as –  
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a) Class 1: Farm & Grass land area 

b) Class 2: Mixed area of Grass, Bush and low tree coverage 

c) Class 3: Bush with low tree cover area 

d) Class 4: Lean forest area 

e) Class 5: Dense forest area 

As, NDVI value less than 0.4 was in the class 0 categories in the analysis, this class will be 

termed as barren land area. But the barren land area can contain roads, small water bodies and 

large building compounds.  

2.3.3 Deforestation Rate in Teknaf 

Determining deforestation rate in the TWS is the main focus of this study. The following table 

represents the status of deforestation rate and land coverage change.  

 Table 2.3 Deforestation rate and land coverage change in the Teknaf Peninsula 

Land Class 
Deforestation rate/ 

land coverage 
change rate 

(%/year) 

Land coverage 
change from 
1989 – 2015 

(%) 

Study 
area 

Class 0 (Barren) -1.45 -31 

Class 1 (Farm & Grass Land) 0.60 17 

Class 2 (Mixed area) 1.54 49 
Class 3 (Bush with low tree) 0.44 12 

Class 4 (Lean Forest) 0.03 1 

Class 5 (Dense Forest) -2.40 -46 
 

TWS 

Class 0  (Barren) 0.31 8 

Class 1  (Farm & Grass Land) 1.71 56 

Class 2  (Mixed area) 1.56 50 
Class 3 (Bush with low tree) 0.10 3 

Class 4 (Lean Forest) -0.47 -11 

Class 5 (Dense Forest) -3.94 -64 

 

In Table 2.3, deforestation rate inside the TWS is -3.94 which is higher while considering the 

total study area (-2.40). From the period of time, 1989-2015, dense forest land (Class 5) 

decreased 64% inside the protected forest area and considering the total study area it decreased 
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46%. Mixed area increased nearly around 50% of both study areas. The land use change rate 

of Farm & Grass land was 1.71 inside the TWS, increasing by 56% from 1989 to 2015. While 

considering the total study area highest increase was found in mixed area (land coverage 

change rate 1.54) and inside the TWS highest increase was found in case of Farm& Grass land.    

2.4 Discussion 

Change in land coverage of the study area is very important considering the 

deforestation problem inside the protected forests of the tropical areas. From 1989 to 2015, 

dense forest area decreased 46% at a rate of -2.40 and considering the TWS only, dense forest 

decreased 64% at a higher rate of -3.94. Considering decrease pattern (figure 2.13), after 2004 

there was an increase of forest area considering both inside TWS and total study area. This is 

due to the introduction of social forestry in the region and plantation of betel nuts. Similar study 

was done by CGEIS in 2011, where satellite images were analyzed from 1989 -2009 to 

determine deforestation around and inside the Teknaf Wildlife Sanctuary.  Comparing with the 

previous findings, the CGEIS (2011) reported deforestation rate - 3.05 (calculated by 

Puyravaud equation using CGEIS, 2011 report) inside the TWS and our study found a slight 

higher rate of deforestation (-3.94) considering dense forest areas. Reducing the dense forest 

area by 64% inside a protected forest in the last two decades is a clear threat to the existence 

of the protected forest area.  Also the establishment of PAs to stem the deforestation is clearly 

not working in this region. Deforestation inside the protected areas are common in Bangladesh. 

Deforestation rate in and around some PAs are presented below based on the data from a report 

published by CGESI, 2011. 

Table 2.4 Deforestation rate in and around some protected areas of Bangladesh 

Protected Areas 
Deforestation Rate (%/year) 

Inside PA Around PA 

Inani Bangabondhu NP -3.07 -5.06 

Medhakachapia NP -1.12 2.20 

Rema-Kalenga WS -0.81 -1.13 

Fasia Khali WS 0.02 -3.65 

Sitakundu RF 3.31 1.34 

TWS (Findings of the study) -3.94 -2.40 

 NP = National Park, WS = Wildlife Sanctuary, RF = Reserve Forest (Source CGEIS, 2011) 
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Table 2.6 Land cover change inside and around TWS (% in 1989 vs % 2015) 

Land Class 
Land coverage Change (% in 1989 vs % 2015) 

Inside TWS In & Around TWS 
Class 0 (Barren) -1 % -6 % 
Class 1 (Farm & Grass Land) +2 % +3 % 

Class 2 (Mixed area) +14 % +12 % 

Class 3 (Bush with low tree) 0 % +1 % 
Class 4 (Lean Forest) -3 % 0 % 

Class 5 (Dense Forest) -15 % - 8 % 

 

2.5 Conclusion & Summary 

 The aim of this chapter was to the describe the land coverage change pattern and 

determine the deforestation rate in the protected forest area called Teknaf Wildlife Sanctuary 

in the coastal region of Bangladesh generally known as the Teknaf Peninsula. The deforestation 

rate was found -2.40 in & around the protected area and a higher deforestation rate of -3.94 

was found inside the protected forest area. The deforestation rate found inside the TWS was 

higher than the nation deforestation rate and also greater than other Asian tropical country 

deforestation. The reflection of high deforestation rate was also visible in land coverage change. 

Dense forest area inside the TWS decreased 64 % compared to the forest area in 1989, mixed 

area increased 50% and, Grass and Farm land increased 56% inside the TWS from 1989 to 

2015. The next chapters will deal with the drivers of deforestation in aim to investigate the 

causes of deforestation in the Teknaf Peninsula.    
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3.2 Methodology 

3.2.1 Study Area 

 The previous chapter focused on the location of Teknaf Peninsula and the protected 

forest area known as TWS. This section is dealing with the Teknaf Upazila unit and its people. 

From the previous chapter it is stated that, Teknaf upazila (an upazila is an administrative unit 

of local government in Bangladesh) is located in Cox`s Bazaar District in the southeastern part 

of Bangladesh. 

 

 

 

Teknaf Upazila and Teknaf Peninsula are considered to be generally the same place, where the 

peninsula is indicating the entire area and the upazila is an administrative unit. Teknaf Upazila 

comprises six unions, 12 mouzas (several villages typically form a single mouza), and one 

pourashava (pourashava is the town or center of the upazila and termed as Teknaf town also) 

comprising 147 villages. Among the six unions, one is a small island known as St. Martin 

Figure 3.1: Teknaf Upazila: Forest and settlements 
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which is not considered as part of the study area. As a result, the study area contains five Unions 

(Baharchhara, Nhila, Teknaf sadar, Whykhong and Sabrang) and Teknaf Pourashava also 

known as Teknaf town (Figure 3.1).  Based on the objectives, some part of the study area is 

excluded to perform analysis more purposefully i.e. Sabrang union is far from forest without 

any encroachers there, so Sabrang is excluded from analysis while considering encroachment 

issues. The total forest area of Teknaf peninsula is nearly 15,000 ha but among that forest area 

11,615 are known as TWS and the remain 3000-5000 ha forest area is documented as 

government forest but that area is not under the TWS. In this study when refering the term 

TWS or protected forest area, it means the protected forest area listed as Teknaf Wildlife 

Sanctuary but when the term local forests or Teknaf Peninsula forests is referred, it means the 

total 15,000 ha forest area. While analyzing encroachers or deforestation study the forest 

boundary of 15,000 ha is considered rather than only considering the TWS. But when 

discussing about the protected areas it is referred to TWS.    

Teknaf Upazila has a population of 265,717 distributed over an area of 388.68 km.2 The 

literacy rate in this area is 19.72%, which is well below the national average (51.8%). The area 

exhibits diverse land types, with wet, forested, hilly, coastal, and flat land found together within 

a narrow stretch of land. The two main agricultural crops cultivated in the area are the Aman 

rice variety and betel leaf. A locality’s climate is one of the factors determining the type and 

density of vegetation. This area is in subtropical climate characterized by a relatively high 

amount of annual rainfall (more than 4000 mm) and an average temperature of 25.5 ºC (BBS, 

2011). The physiographic and climatic conditions of the area are conducive to the growth of 

forests. At one time, forests were dominant. However, although 41% of the area comprises 

forests, these are highly degraded as a result of extensive anthropogenic activities, as well as 

natural phenomena. The area is also characterized by cultural variability with settlements of 

Bengalis, Chakmas, and Rohingyas living in Teknaf upazila. Collection of forest resources, 

fishing, farming, business, and labor are the main livelihood activities in the area.  

3.2.2 Data and Methods 

3.2.2.1 Teknaf Upazila: People and Settlement 

 Data are compiled from a recent survey conducted in Teknaf upazila by the research 

team from Kyushu University with the help of local research assistants, which also profiled the 

population of the study area. The survey included counting and collecting the locational 

information of all the households of Teknaf upazila (except the island under Teknaf upazila 
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3.3 Results 

3.3.1 Settlement and Forest 

This section of the chapter mainly describes the people and settlement around the forest. 

Table 3.2 is showing the socio economic profile of the people of Teknaf Upazila. From here it 

is stated that the average family size in Teknaf Upazila is 6.2 and Baharchhara Union has the 

highest family size of 6.5 and Teknaf pourashava has the lowest of 5.9. The average schooling 

year is 1.9 years. The mean duration of settlements are 26 years with an average of 0.12 ha of 

land properties per household.  

Table 3.2 Union wise socio-economic profile of Teknaf Upazila 
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Number of houses 8674 10605 12185 11010 3622 11308 57404 

Mean duration of settlement (year) 21 25 19 31 28 28 26 

Mean age of household head (year) 40 41 41 40 40 39 40 

Mean family size (2016) 6.5 6.1 6.0 6.1 5.9 6.2 6.1 

Mean education (Schooling year) 1.7 2.5 2.2 2.0 2.0 1.2 1.9 

Average annual income (000 BDT) 236 206 200 170 153 186 195 

Mean land property (decimal of ha) 0.20 0.10 0.13 0.11 0.02 0.08 0.12 

From the household survey, which also covered livelihood options, it is found that 

household members are engaged in several livelihood activities. However, the respondents 

were asked to specify their main livelihood activities and household annual incomes. Table 3.3 

shows the numbers of households within each union engaged in different livelihood activities. 

The five main livelihood options in Teknaf is found to be farming, pan farming (pan is the 

local term for betel leaf), fishing, employment abroad, and business. Other livelihood options 

include services, fuelwood collection, and jobs like teaching and salesmen. Table 3.3 shows 

that incomes derived from employment abroad and business are higher than those derived from 

natural resource-based livelihoods such as farming and fishing. 
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Table 3.5 ANOVA test to compare means between encroachers and non-encroachers 

 

 

 

 

 

 

 

** 1% level of significance 

Table 3.5 shows that there is significant difference in major socio-economic aspects 

except age of household head and family size. Apart from these two, significant difference 

between encroachers and non-encroachers are seen in other aspects. The encroachers have 

comparatively lower means in the case of education, income and settlement duration, and 

higher means in homestead area, land property comparing to the non-encroachers. 

3.3.2 Factors Effecting Encroachment 

A binary logistic regression model is developed to explore the key determinants of the 

likelihood of the households of Teknaf Peninsula to encroach the forests. Overall assessment 

of the model was significant (p <0.001) and the Hosmer & Lemeshow goodness-to-fit test 

showed adequate fit of the model to the data, with an overall 86.9% correct prediction. The 

determinant factors of encroachment is found to be duration of living, union of living, house 

type, occupation, fuelwood collection and use, and paan cultivation (Table 3.6). The logistic 

regression model showes that the duration of living is significantly correlated with the 

likelihood of encroachment (p <0.01; Table 3.6). One unit (year) increase in the duration of 

living decreases the odds (Odds Ratio 0.887) of encroachment by approximately 11%.  

According to the model, the people living in Baharchhara have 2.2 times more likelihood to 

live inside the forest and people living in Nhila have 75% less chance to live inside the forest. 

House type also influences the encroachment, when living in a Kacha house there are 2.3 times 

more possibility to encroach inside the forest. Among the occupations, fishermen have 50% 

less chance to encroach the forest while labors have 22% more chance to live inside the forest.  

 F - Value P value 

Mean duration of settlement (year) 49.842 0.000** 

Mean age of household head (year) 2.328 0.126 

Mean family size (2016) 1.073 0.300 

Mean education (Schooling year) 6.737 0.009** 

Average annual income (000 BDT) 13.595 0.000** 

Mean land property (ha) 7.332 0.007** 

Mean homestead area (ha) 81.711 0.000** 
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Paan farmers and fuelwood collectors have 2.2 and 3.7 times more likelihood to encroach the 

forest. Also fuelwood usage has impact on the encroachment, with each unit increase of 

fuelwood usage, the chance of encroachment increased by nearly 3%.  

3.3.3 Settlement impact on Forest 

 Here the impact of settlements on the forest is described. From chapter 2, the forests of 

Teknaf Peninsula were categorized into six land classes namely; Barren, Farm & Grass, Mixed, 

Bush with low trees, Lean forest and Dense forest. Arcmap buffer zones of different diameters 

is created and based on the Arcmap buffer zone the study area is divided into forest area and 

settlement area. While considering the different Arcmap buffer zones, the area coverage of 

different land classes changed from 1989 to 2015 both in the settlement area and forest area. 

Describing the land class change trend of settlement area and forest area considering different 

Arcmap buffer zones the impact of settlement on forests is described. From figure 3.3, in case 

of forest area, forest land class (Class 5 in figure 3.3) change from 1989 to 2015 remains almost 

the same. Specific trend is observed in case of Farm & grass land class (Class 1) and Mixed 

class (Class 2). In each of the cases they had specific relationship with different Arcmap buffer 

zones, i.e. with the decrease of the Arcmap buffer zone (considering 1km to 100 meter) the 

land change percentage also decreased. So, in the dense forest area grass land and mosaic land 

increased. But, in the case of settlement area, with the decrease of Arcmap buffer zone, the % 

of forest land increased meaning considering more near areas of the settlement the percentage 

of forest increases. From the above discussion, it can be concluded that, inside the dense forest, 

the forest degradation happened to be the same regardless the distance from the settlement and 

that’s why the grass and mixed areas are increasing. But surprisingly the forest land class 

coverage increases while considering more near to the settlement while grass and mosaic area 

decreases.  
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3.4 Discussion 

 The main focus of this study is to explore encroachment as a deforestation driver. This 

section will discuss the factors having impact on encroachment (why people live inside the 

forest?)  and the impact of encroachment on the forest (how settlement affects the forest?). 

3.4.1 Impact on Encroachment 

 People living inside the protected forest area is legally prohibited and not good for the 

forests facing high deforestation rates. To investigate the causes of why people are encroaching 

the difference in the socio-economic profile of the people living inside and outside the forest 

is explored. From the analysis it is found that difference in duration of living, education, income, 

homestead size and land property is significant. The encroachers have comparatively new 

settlements than outsiders with low education and low income. But their homestead and land 

properties are bigger than the outsiders. Similar results were also found by Tani et. al., (2013), 

where encroachers had low income and relatively new homesteads. Basically poor people have 

more likelihood to move inside the forest because of the free land and limited other options. 

From the logistic model, it is found that, people living in new houses have 11% more chances 

to be an encroacher. Among the Unions, Baharchhara people have high possibilities to 

encroach, this is due to the narrow shape of the Union bordering the forest area and the people 

depending much higher on the forest for natural resources. If the house type is Kacha then there 

are higher chance of the people living in this type of houses to be an encroacher.  

Occupation also impacts the choice of encroachment. Fishermen have less chance and 

farmers have higher chance to encroach inside the forest. Fishermen are dependent on the sea 

for their livelihood so they live beside the sea, this factor limits their choices to encroach inside 

the forest. On the other hand, labors are poor and most of them are engaged in agricultural 

labors which includes paan farming. As paan farmers have very high chance to encroach the 

labors also have higher chances comparing to other occupations.  Fuelwood collection and 

fuelwood use have impact on encroachment. If a person collects fuelwood and the household 

fuelwood consumption is higher than the likelihood of the house to encroach is high. Fuelwood 

collection and consumption is very much related with the forests. If a person collects fuelwood 

from the forest and consumes higher than others it is easily predictable that the person will 

have a likelihood to live near or inside the forest. Lastly it can be concluded that encroachers 

can be profiled as relatively poor people, with less education and high fuelwood dependency.  
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3.4.2 Impact of Encroachment 

 Figure 3.3 shows the land class change from 1989 to 2015 of forest area and settlement 

area considering different Arcmap buffer zones. Here, the trend of forest land class change is 

interesting. The forest land loss in the forest area remains almost same in case of different 

Accmap buffer zones. The bigger the Acrmap buffer zone becomes the forest area tends to 

limit more inside way i.e. far from the settlements. So, while considering 100 meter Arcmap 

buffer zone, the forest area starts from the edge of the settlements and while Arcmap buffer 

zone increases the forest area concentrates more far from the settlements. Different Arcmap 

buffer zones are resulting almost same forest land change indicates that settlements distance to 

the forest area have no impact on the forest destruction. But when considering the settlement 

area, the closer area to the settlements, the forest land increases more. This can be described 

as, people are destroying the natural forests ether it is far or near, they depend on forest 

resources which is resulting to forest loss but around the settlements people are replacing the 

natural tree coverage by planting tree species for homestead income. The most visible example 

is Betel nut trees. People are clearing forest and planting Betel nut trees. So, satellite images 

are showing tree coverage but it is not the natural forest. To summarize the effect of settlements 

on forest it can be stated that, deforestation is happening on a constant rate either far or near 

from the settlements. But the increased forest land class near the settlements are also in a sense 

a deforestation considering that endogenous species are the best option for forests, other species 

can give short term benefit and increase forest land coverage but considering the total forest 

ecosystem for long term it is not a good option. 

Table 3.7 Union-wise total household 

Union Inside Forest Outside Forest Total 
Baharchhara 2364 6310 8674 

Nhilla 338 10267 10605 
Sabrang 0 11308 11308 

Teknaf Pourashava 497 3125 3622 
Teknaf Sadar 1397 9613 11010 
Whykhong 599 11586 12185 

Total 5195 52209 57404 
 

 Table 3.7 shows the total households in Teknaf Upazila with the encroachment numbers. 

There are 5195 households inside the forest in Teknaf. The average homestead size inside the 
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forest is 0.09 ha. Considering this homestead size, the total encroached area inside the TWS 

forest occupied by the households are 467.55 ha. This is only the homestead area and if the 

total land property is included the number will increase more. Each household migrating inside 

the forest results in 0.09 ha area of forest land clearing in terms of homestead area which is 

increasing day by day.  

3.5 Conclusion 

 The aim of this chapter was to describe the people inside the forest, explore the factors 

of their encroachment and determine the impact of encroachment on the forest. The encroacher 

inside the forest are comparatively poor and less educated than the people living outside the 

forest. Duration of living, which Union people live, type of household, occupation, fuelwood 

collection and consumption are found to impact the likelihood of encroachment inside the 

forest. The settlements had impact on the forests. Around the settlements, forest land class was 

increasing due to plantation of income generating tree species but inside the core forest the 

deforestation remained the same.    
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4.2 Data and Methods 

The Teknaf Upazila is considered for the study area. Paan boroj from all Unions 

namely Teknaf Sadar, Baharchhara, Nhila, Whykhong and Sabrang is identified and analyzed 

by using satellite images. Teknaf Pourashava is an urban area where no paan boroj was found.  

 

 

 

 

 

 

 

  

 

 

 

 

 

4.2.1 Socio-economic Characteristics of the Farmers 

One of the objective of the study is to describe the socio-economic attributes of paan 

farmers. Among the socio-economic attributes age, family size, education, annual income, 

cultivation practice is the main focus. To understand about paan farming in the Teknaf 

Peninsula it is important to know about the people cultivating paan. The dataset used in this 

analysis coveres 10% of the total population of the Teknaf Upazila (5769 households) collected 

by following a systematic sampling procedure. Data sampling and collection procedure was 

described briefly in Chapter 3 (section 3.2) and termed as Teknaf Database. Descriptive 

statistics including mean and percentage is used to analyze the socio-economic characteristics 

of paan farmers.  

Figure 4.1 Paan boroj in the Teknaf Peninsula 
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basemap available in ArcGIS is used as the source of satellite images from where the paan 

borojs were identified. The basemap in ArcGIS is basically satellite images of the world and 

during the analysis photos taken in 2016 is used. Using the basemap paan borojs are identified 

(Figure 4.1) and the area of each paan boroj is measured in hectares. Finally, the total area 

coverage under paan cultivation, number of paan boroj, average size and maximum size are 

calculated to describe the status and extent of paan cultivation in the Peninsula. 

4.3 Results   

 4.3.1 Paan Farmers’ Socio-economic Attributes 

To understand paan cultivation as a deforestation driver it is necessary to know about 

the people who are cultivating paan. Table 4.2 presents some major socio-economic attributes 

of the paan farmers. Based on thedataset of 10% of the total Teknaf population, there were 506 

households cultivating paan. Among the unions there are the highest paan farmers in 

Baharchhara (228 households engaged in paan farming) followed by Teknaf sadar (157 

households) with the fewest in Whykhong (21 households). According to Table 4.2 the average 

age of household head is found to be 44.47 with average schooling year of 1.28. The family 

size is found to be bigger than the average family size in Teknaf Upazila.  

Table 4.2 Socio-economic status of paan farmers comparing with the Teknaf Upazila 

Socio-economic Status Paan Farmers (Mean) Total  (Mean) 

Age of Households (Years) 44.5 40.0 

Family Size (Members) 6.9 6.1 

Education (Schooling year) 1.28 1.93 

Duration of Settlement (Year) 33 26 

Annual Income (000 BDT) 213 195 

Land Property (hectare) 0.22 0.12 

 

 The duration of paan farmers’ settlement is 33 years, indicating slightly higher than the 

average in the study area. Annual income and the average land property (0.22 ha) of paan 

cultivators is also higher comparing the average in the study area. From the socio-economic 

attributes it can be concluded that, paan farmers have more income with large family and big 

land property with less education comparing within the Teknaf Peninsula.  
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4.4 Discussion  

4.4.1 Factors Effecting Paan Cultivation 

 Paan cultivation is one of the major deforestation drivers in the Teknaf Peninsula. This 

section discusses the factors affecting paan cultivation. From the socio-economic profile of the 

paan farmers described above (section 4.3.1) it is clear that paan farmers have relatively low 

education comparing the total study area. Also land property and family size are also bigger 

comparing the average of the study area. Family size is found to have impact on paan 

cultivation from the logistic model also. Bigger family has the opportunity to have more labor 

force which is necessary for paan cultivation. Paan requires more labors to prepare land and 

intercultural operations (weeding, irrigation and fencing) are also laborious. Harvesting of paan 

continues for long time which also requires more labors. So, big families have the benefit to 

cultivate more paan. From the survey and mapping of paan it was clear that the western side 

of the peninsula is more prospective for growing paan than the eastern side, specially 

Baharchhara union is the hotspot of paan cultivation. The main reason of this can be related to 

easy access of forest resources. In Baharchhara, the settlements are very close to the forest and 

Figure 4.3 Paan boroj in Baharchhara 
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From Table 4.5, considering the forest condition in 1989 only it would require 3.01% 

of its wood production and in the current condition paan cultivation requires 5.02% of the total 

wood production of the forest. As time proceeds, if the paan cultivation remains same then the 

percentage of wood used of total production will increase. This is the visible and predictable 

scenario of paan cultivation impact on forest but there is another type of impact of paan 

cultivation on forest. While building a paan boroj, small poles are made of saplings inside the 

forest, which has a devastating impact on forest regeneration. If every paan boroj uses only 10 

saplings (but actual requirement is quite higher around 50-100 based on the size of paan boroj), 

nearly 40,000 trees are destroyed yearly hampering the chance of regeneration of the forest. 

Also when the paan boroj is built inside the forest it clears the vegetation also impacting the 

deforestation and forest regeneration.  So it can be concluded that, if the deforestation continues 

then the paan cultivation will affect the protected forests even more in the future.  

4.5 Conclusion 

 The aim of this chapter is to describe paan cultivation as a deforestation driver with its 

impact on the protected forests. Firstly, the socio-economic attributes are described of the paan 

farmers were paan farmers found to have relatively high income, more land properties and less 

education comparing with the Teknaf Upazila. Family size, location of living and occupation 

is found to impact the paan cultivation. The impact of paan cultivation is described as paan 

cultivation requires 1.35% of the total wood production. But considering the current state of 

the forest, the percentage can increase up to 5.02%. Paan cultivation is an integral part of the 

livelihood of the local people and the only source of income for many people. So paan 

cultivation cannot be replaced immediately by other income generating actives but the local 

people should try to cultivate paan leading to sustainable use of forest resources. 
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