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Abstract

Erosion has become an important issue for Kaplai watershed, the largest man made
freshwater body in Bangladesh which generates a significant share of Bangladesh’s
power supply by using hydro-power. It contributes significantly to the production of
freshwater fish, flood contmol, tourism and agriculture. Over the past few dccades forest
depletion has become a main problemn here becanse of human intervention, replacing the
forest cover with shifiing cultivation which evenivally increasmg soil erosion and thus
contribuling large amounts of sedimermaotion to the reservoir posing a serious threat Lo the
power plant as well as navigability. Studies have been done 1o assess the sedimentation in
Kaptai Lake have found that the expected life time of the lake has considerably reduced.
This study is an elfort to look inte this fct and try W understand the spatial variation of

erosion that leads to siliation.

The study has two major poals — first to monitor the change of vegelaton and other major
fand covers over last two decades (1980-2000) and second 10 develop a simple spatial

model to identify potential erosion protie areas in Kaptai walershed.

Land cover maps have been produced from salellite images of Landsat program. ND¥!
and bi-spectrat plot techniques were uscd to identily land covers. Appropriatc ND'VI has
been set chosen based on ground truth data, high resolution sawellite image {IRS LISS IH})
and sccondary land cover maps. Two land cover maps have been prepared for two
nominal ycars (1980 and 2000). Finally maps have been compared with each other. It has
been found that non-forest land has increased by 10.6% while low density forest arca has
decreased by 18.4% but high density forest has increased by around 7.9%. However
overall forest coverage {low+high density) has decreased by 10.6% which is highly
significant for 20 years time period (1980-2060).

A simple polential erosion model has becn developed to assess the disiribulion of
polential erosion prone areas in the watershed. This modcl emphasizes potential £rosion

because it does not estimate the actal erosion; rather it indicates areas that are potentially
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erodable based on slope, soil, land cover and minfall in the watershed. Modeliing result
shows that 45% of the area has [ow erosion risk while 17% has high erosion risk. The rest
36% falls into average erosion category. This is an indication of how much area is to be

conserved for erosion management in Kaptat Welershed.

This study is a small preliminary ¢Hort o Jook into the erosion problem spaliaily. But this
might be useful as 2 starting point for further in depth spalial swdy of this problem to

figure oul possibie remedies.
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Chapter One

Introduction

1.1 Introduction

Kaptlai reservoir, the lergest man-made freshwater body in Bangladesh with an
installed capacity of 230 MW. It is the only hydropower source in Bangladesh; about
5% of the electricity consumed in the country is produced there (Praveen et. al, 2002).
It was created in 1964 at Kaptai village in Rangamati District of Chitlagong Hill
Tracts (CHT) with the heip of USAID, the reservoir covers an area of about 58,300 ha
and has a mean depth of 46 meters (BWDB, 2000). The Kaptai lake has a catchment
area of 1103 square kilometers. Forest depletion and reservoir sedimentation has
already become a serious problem for Kaplai lake (Chowdhury, 1992). The life of the
Kaplai Reservoir was estimmted (o be 300 years in 1957 Thirty years after its
commissioning, the calculated life has become 180 years, & reduction of 120 years
from the original estimate (Mirza, 1598, BWDB, 2000). Bangladesh Water
Development Board carried oul a sedimentation survey at 67 sections in Kapiai lake
for three years — 1983, 1986 and 2000. They have found thet siltation of 30959.61
sg.m took place from 1983 to 2000 in 67 sections. The difference in cross sectional
ares Lhrough the three study years indicates a process of siltetion (BWDB, 2000),

Although primarily created for hydro-electric power generation, the Kaplai Reservoir
contributes significantly to the production of freshwater fish, fleed control, tounsm
and agricubture. Over the lasl few decades forest depletion has become a main
problem here as humen imervention is replacing the foresl cover with shifling
cultivation, increasing soil erosion which is evertually contributing large amounts of
sedimentation to the reservoir posing a serious threat to the power plant as well as
navigability (UNEP, 2002). There are 73 species of fish in the lake. According Lo the
Bangladesh Fish Developmem Corporation (BFDC}) the catch of carp has decreased to
220 tonnes from as high as 972 tonnes in 1964. The traditional jhwm cultivation
practiced by the indigenous people and recently by the Bengalis is the main reason for



soil ercsion. The eroded soil finds its way into tve lake and fills it up. The hydro-
electric project located on the Iake is under threat due to siltation.

.
Figwre 1.1: Ditop'tuinatls sl Texcarmicos of Expral Lad ¢ Nigeern 1.1 Kapud balka aned ity srrowrelings in Candl
Ceccoree brmge. P B, {74, R}

Sihation also mekes navigmion difficult from Rangamati to Longodu, Barkal
Gurachhari and Baghnichhari during December to May, About 100 [aunches and
2,000 motorboats ply on these routes around the year (Pinaki et.al,, 2003). Proper
management of the watershed areas can mitigate these problems.

It is a general impression tha vegetation in CHT has decreased substantially (Pinaki
et.el., 2003) To look into this issue i is necessary to map the trend of vegetation
cover in the waiershed. It is importamt to =ee if vegetalion has increated over time,
since vegelation cover has direci relationship with erosion (FEWSNET, nd). IF
vegetrtion has decreased then it would be easy to conchude that vegetation depletion
is the factor for increased erosion in Kaptei watershed. Alto it is necessary to tdentify
erosion prone arcas to take proper physical or policy measures. As forest depletion
and erosion have become major concerns here, the proposed study is aimed at
assessing the land cover changes owver two decades (1980-2000), looking nt the
vegeiation cover change and finding out the erosion prone areas in the caichments of
Kaptai Lake by using GIS based modelling and remate sensing techniques, The study
will help the policy makers cansiderably to take necessary alternative steps on hot
spais to reduce forest depletion and erosion,
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1.2 Hypothesis:

Vepetation cover has depleted in Kaptai watershed over the 1980-2000 time period.

1.3 Objectives:

The main objectives of the study are

1. to assess the changes in vegetalive cover from 1980 to 2000 and
2. to develop & spatial model to identify the erosion prone areas for the year
2000 within the catchment erea of Kaptai lake.

1.4 Limitatiens of the study

Every study has some kinds of limitations like time, budget, restnictions etc. In the
case of this study budget was a limitation for purchasing time series sateflite dala
which could be more useful to classify land cover into more detail level. Due to this
limitation it was not possible to map egricultural land use. GT survey in the study area
was difficult as it was very risky to carry GPS in military comrolled erea of Kaptai
Lake. A few comtrol poims were taken on land, other poinls were taken in or at the
edge of the leke, and land cover descriptions were written as precisely as possible
including direction. Extensive GT survey wes not possible for the whole watershed
because it would have been very expensive and time consuming. Moreover GT survey
in Indian terrory was not possible. Considering all these limitations land cover
classes were limited to only broad classes, manly vegetated/forest and non

vegetated/mon-woody/non forest classes.

Tt is elways a chellenge to map agricultural area from a mingle date image because it
does not reflect the seasonal variation of the crops and has very high probabiliy to
mix wilh other land covers like bare land or forest cover. Only very high resolution
data like IKONOS, QuickBird or IRS can give such deteil shape and patiern of the
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field which helps lot 1o interpret images visually Having intermedimie resolution of
28 5m or more, Landsat 1s not eble to show up to that level In this circumstance
another way is to analyze time series data which reflecis the changes in agricultural
land over time, which eventually helps to identify it precisely including the crop type
if cropping patiern is known. But no free time series dmia at Landset resolution level
for last 2 decadcs was found. Considering these realities agricultural land class was

discarded from the land cover classification of Lhis study.
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Chapter Two

Literature Review

As this dudy concentrated on remole sensing based mapping, litcratures were chosen
which describe the methods and techmiques to map land cover by using remote
sensing tools. There is no study found that worked on land cover or erosion mapping
from satellie tmagery at high resolution in Kaptai watershed but study at low
resohution exist. United Natiorss Environment Program (UNEP) has studied the forest
cover change for 1985-86 to 1992-93 period for Bangladesh based on NOAA
AVHRR (10 km resohdion) dalasel. During this period a significant portion of
evergreen forest was found to be converled either imto degraded forest or agricultural
land m Chittagong hill (mcts. The underlying reason for the transformelion, as
gleaned from the analysis, is primarily due to the shifting culivation and partly
because of the converson of forest cover and/or shifling cultivated areas o pcrmanent
agricultural land. (UUNEP, 2002)

In many ways the preseat sindy is very unique for Kaptai walershed becauese t has a
high mapping scale at 30m resohition and covered the real watershed area extending
heyond intemational territory. Also this study has produced three land cover (broad)
maps those mdicate the changes in area of land covers over two decades. Finally this
study aimed at developing a simple ¢rosion model to sec the spatial distribution of
potential erosion. Imeresting parl here is that all these works were done by using GIS
technique, which made i possible to compute, analyze and process dala very
efficiertly and quickly.

Several sidies have described the Normalized Difference Vegelation Index (NDV1),
derived from red and near infra-red bands, as the means to map peneral land covers
(e.g., Uchida, 2001; Daniel et al, 2000). Mumy natural surfaces arc aboul equally as
bright in the red and near-infrared part of the spectrum with Lhe notable exception of
green vegelation. Red light is sirongly absorbed by photosymthetic pigments {such as
chlorophyl! a) found in green leaves, while pear-infrared tight eilher passes through or

is reflected by live leaf tissues, regardless of their color. “This means that areas of



23

barc soil having litile or no green plam material wiil uppesr simitar :n both the red and
near-infrared wavelengihs, while areas wilh much green vegetation will be very bright
in the near-nfrared and very dark in the red parl of the spectrum™ (US Waler
Conservation Lzboralory, n.d.). This proven principle leads all modem scientists to
use NDVI [or mapping broad land cover ranges from hare to forest areas.

NDVI works also as a means to measure vegetalion density. bt 15 found that ND¥Y1 has
a positive comrelation with the density of vegetative cover (Jensen, 2000). This proven
principle has led to mapping vegetation density quaiitatively.

A number of studies used dilferent erosion models like Universal Soil Loss Equation
(USLE) and Morgan approach. These two models are now widely used all over the
world. UUSLE, developed by Wisclmewr and Smuth in 1978, or the Revised UISLE
{RUISLE), is often used to predict minfall erosion in landscapes using GIS. Using
GRID cell represemation of landscapes and tbe assumption that the area within each
cell is normally uniform with respect to rainfall, soil, crop, aspect and slope gradient,
enables o caleulate the average anmual soil erosion for eny given cell. By using the

following equation
A = REKALISYCHP (2.1}

Where R 5 Lhe long term anmual average of the product of evenl ramfali kimelic
energy (K) and the maximum rainfafl intensity in 30 minutes (130}, X is the soil
erodibility faclor, L is the slope length faclor, 5 is the slope gradient foctor, C is crop
management factor and  is the conservation supporl praclice factor. But this popular

model has some limiations.

a The model applies only Lo sheet erosion since the source of energy is rain; so il
never applies to linear or mass erosion.

b. The type of courry side; The model has been tesied and verified in plzin and
hilly country with 1-20% slopes and excludes young mounlains especially
slopes steeper than 40% where runofl is a greater source of epergy than rain

and where there are significant mass moyements on ¢arth.
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c. Type of rainfall: the relations between kinetic encegy and rainfall intcnsily
generally used in this model apply only to the American Great Plains and not
to mounlainous regions akhough differert sub models can be developed for
the index of rainfatl erosivity.

d. Tle model applies only for average dala over 20 years and is not valid for
individual storms.

e. Lastly a major limitation of the mode! is that it neglecis cerlain interactions
between factors in order to distinguish more easily Lhe individual effect each.
For example it does not take into account the efferi on erosion of slope
combined with ptant cover, nor the effect of =oil type on the eflect of slope
(FAQ, n.d..

So the mam difficulties of USLE modc! are many inpul parameters that arc not
available for all locations i the world. Nobody has developed such factors
particularly for Bangladesh as no reference was found over imternet and
Meteorological Departmem of Bangladesh does not have such data

Another popular model is called Morgan’s erosion model which requires ramfall
detachmem index, soil detachabilily index, annual! kinetic energy, interception etc.
{ITC, n.d.). But none of them are avajlable for Bangladesh.
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Chapter Three

Methodology

The study was carried out following several steps as follows, A simple diagram of the
methodology is presented in Figure 3.13 at the end of this chapter.

3.1 Problem identification

First, the problem was identified based on several source as mentioned in
‘Imroduction’ section of this chapter. Problem identification helped to mowve
Further to set up the gonls and objectives for this study

3.2 Identification of study objectives

Objectives were sel to conduct the study in a guided way. Two objectives were set
to assess the changes in forest cover from 1980 to 2000 and to develop & spatial

moxlel to idemify erosion prone areas.

3.3 Literature review

The literzture hed been extensively reviewed to learn about similar studies done in
differem paris of the world. Different techmques and approaches of land cover

mapping and erosion mo<deling were also learnt Lhrough literature review.

3.4 Base data preparation

Real work started with developing the base dataseis. The base datasers range from
simple international boundary to land cover classified from satelline imagery. The

process includes

collection of dala

o @

digitization/rasterization (if not in available in GIS format)

projection / transformation into common coordinate system

o o

Data processing (Digilal Elevation Model {DEM), satellite imagery, soil map,
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precipitation}

e. Derived products (Normalized Difference Vegetation Index (NDV1), slope,
watershed,) generstion by using topographic functions, flow funclions,
classification, interpolation etc.

All these efforts made #t possible to bring ali spatial and attnbute data into GIS
format. ERDAS Imegine 8.6, Ar¢View 3.2 and ArcGIS 9 softwares were used for
processing and analysis. A list of datasets 15 given in Table 3.1

3.4.1 Choosing available appropriate data

Efforts were made to choose detmsets which have proximity to the scale or
tesolution of Landset data because this is the common datasel used Lo accomplish
both objectives Bangladesh has a national level DEM which is 300m in resolution
but it was toa crude Lo measure slope and very inconsister! with 30m resoluttorn
Landsat imagery. Another DEM is Global SRTM DEM’ which is 90m in
resolution, but Lhe problem with this is it has & +~ 15m error in vertical
measurement. But so far it has been observed during the processing that i has
greater consistency with Landsat image in hilly areas. National level DEM does
not have those fine qualities becguse of low resolution. So finally SRTM DEM
was chosen for this study to maimain accuracy and consistency with other GIS

tayers.

* SETM: The Shorlle Radey Topography Mimion (SRTA] is 4 joimt project beroeen the Nxtional Imagery and Mapping Agency
(WIALA) and the Nationa! Asromamtics and Space Admnisiration {NABA), The objective of this project is to produce digital
Lopagrephic data for #0% of tho Earth's land errfice (il Lmd sreas between 60" north mmd 567 aouth luitude), with dols pofms
locxied avery l-src-amcond (apposimstely 30 metens) on 2 hodeflonghnde gid. The sbsohde vertical soamcy of the
elevetion dms is 16 meters (xt 90% confidence). This radar rymem gathers dats thid revubh i the mod accurale and camplete
Lopagrephic ap of the Earih's marface Ul hae ever bamn aasembbed

" DEM: ComyRnler pemermed Digiad Elevation Wodel (. represen the topography of the seh orfacs. Thia mster beaed model
alan i different than Digital Terrain Model (DT} which represends e corth terain nrfacs, not the clevaton of the objectz on

[ earih.
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Dala typa TDurls natre Source Year i Dais derih Hesohitiom
el fraster) BT Soale
Digilal Elnation ERTM HASA 1990 Raster Bigned & S0m
Model (DER) bn
Slope SRTHM Slope Goomewred  Fom 2003 Bastr  Unsigned 16 90m
SETM™ DEM b
Flow direction Flowr direction Gererpied  from 2005 Yector - 0m
SRTM DEM
Flow Flow Gencraled  from 2005 Vector $0m
ACCUDY ation sccumudaticn SRTM DEM
Watrrshed Walershed Gemeradod Fom 2005 Vactor Pm
bazuncary ShTM DEM
Strearn network. Stream Goneralod  Fuom 2005 Vogtor Pl
SRTH DEM
Forest covermap  Foresd cover map Foresl Depariment 2000 Vector - 1230000
of Pangiadesh
Secondery lmd  Glotwl Land Hotml Land Cover  20XM} Raster 2 { km
COTET Imap Covey Facility (GLCF)
Fecril T Bangladeah CEGIS 1595 Yector - 1 250N
Xntional Soit Map
Sol Map FAD Soil Map FAQ Food and 1993 Ycior - 12 50N
Agricokure
Organization
(EAO)
Preqipitation dna CRU TS-2 Climatic Rescarch 2000 Fager  16bi 05 degree (55
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Forest cover map and Global secondary datasets were used to obtain an indication

of dominant land cover iype to set pamicular NDV] threshold for land cover
mepping for this study. This Global secondary datasets are available for free.

The Global Landsat Geocover datasets for three nominal years {1980, 1990 &
2000) are totally free too and adventage of this free dataset was taken to map land

cover for two nominal years for Kaptai watershed.

Two kinds of soil map were available- national levei soil mep and Global FAOQ

soil map. National level map is much detailed in classificaion scheme and scale,

thus nationa} fevel soil map was used for the Bangiedesh pan ol Kaptai watershed.
FAO soil map was used for Indian part of the watershed as Indian soil map was

not available (Figure 3.1)
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Two kinds of precipitation data were available for the study area- national rainfall
measurement and Global precipilation data. Nattonsl level rainfall dala is always
considered berter than any giobal dataset, but only 2 rainfall stations were found in
the Bangladesh part of Kaptai watershed which is not representative for the whole
area and moreover il has no measuremer for certain months. These two stations
are around Kaptai Lake and more than 50km away from each ather. Moreover
rainfall data for the Indian part of the watershed was not available. Considering
these limitations CRU precipitation dataset was used for this study which is 55km
in resolution at the equator. This dmtaset is basically generated from national level
rainfall datasets but processed through many techniques to correct the data gaps,
glimination of abrupt values, taking imo consideration the proximity of
surrounding rainfalf station measurements in Indian territory (CRU, 2001). This is
a good dataset for such a big watershed like Kaptai and the only available gap
filled, correcied and interpolated fine reschrtion rainfall detaset {(Figure 3.2)

International boundary and district boundary data sels were laken from available
national level database developed under Flood Action Plan (FAP) 19 project.
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Figure 3.1: Soil map of Kaptai watershed
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3.4 2 Processed / denved delasels

{a) Watershed boundary delineation

A watershed is an aren that drains water and other substances to B common outlet
as concentrated dreinage. Other common terms for a watershed ere: basin,
catchment , or contributing area. This area is normaily defined as the total area
flowing to & given outlet, or pour point. These mreas are the output of the
Watershed Ranction. The boundary between two watersheds is referred to as a
wiatershed boundary or dratnage divide.

An outlet or pour point is the

point s which water flows out of

et ershed, Bas| . :
cu-;:nji ™ an area. This is the lowest poimt

Comrdngarss along the boundary of the
watershed. In  Arclofo GRID
module, the cetls in the source Grid
are used as pour poims above
which the contributing area 1is

determined. Souwrce cells may be

e Yesershed boyrdenes, draiveg e dvices

wcm Slr8 I MwO femtures such as dams or stream
Outtaty, anks .
Subbn‘: e gauges, for which a person wants to

. determine characierislics of the
Figure 3.3: Dhagram of a watershed

contribuling ares.

To derive the watershed SRTM DEM was further processed through severnl

steps.

i) Filling the sinks in DEM

ii) Generation of Flow Direclion GRID from DEM

iti)  Generation of Flow Accumulation GRID from Flow Direction GRID

iv}  Generation of Watershed based on minimum threshold area of watershed

One of the keys to deriving hydrologic characteristics ebout a surface is the ability
10 determine the direction of flow from every cell in the grid. This is done with the
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FLOWDIRECTION function in ArcInfo workstetion. This function takes a
surface as inpul and outputs a grid showing the direction of flow out of each cell.
There are eight valid output directions, relating 1o the eight adjacert cells into

whlich flow could travel as shown in figure 3.4.

32 | 64 [124 The direction of flow is determined by Anding the direction of
1 ..
18 steepest descent, or maximum drop, ffom each cell. This is
g4 |2
calculated as

Fipure 3.4: A mster neighborbood

Maximum drop = change in z value / distarice (4.7}

The distance is determined between cell centre. Therefore

if the cell size is 1, the disiance between two orthogonal

cells is 1 and the distance between two diagonal cells is
1.414216, the square root of 2. If the descent to all adjacent
cells is the same, the neighbourhood is enlarged until the

steepest descent is found. Flow drection
Figure 3.5; Flow direction

When a direction of steepest descent is found, the output cell is coded with the
value representing that direction. If all neighbours are higher than the processing
cell, the processing ceil is a sink, and has en undefined flow direction. 1f two cells
flow to each other, they are ginks, and have an undefined flow direction. If a cell
has the same change in z value in multiple directions it is also a sink and has an
undefined flow direction.

For cells that have an undefined flow direction, the value for that cell in the cutput
flow direction grid will be (he sum of those directions. For example, if the change
in z value is the same to the right (flow direction = 1} and down {flow direction =
4), the flow direction for that cell will be 1 + 4 = 5 To obtain an accumte

representation of flow direction across a surface, the sinks should be flled.
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This flow direction GRID was used to produce Flow Accumulation GRID. The
Flow Accumulation function creates a Grid of sccurmilated flow to each cell, by
accumulating the weight for all cells that flow imo each down slope celt.

Cells of undefined flow direction will only receive flow, they will not contribute
to any downstream flow. A cell is considered to have an undefined flow direction
if its value in the flow direction Grid is amything colher Lhan 1, 2, 4, 8, 16, 32, 64,
ot 128. The accumulated flow is based upon the number of cells lowing into each
cell in the output Grid. The current processing cell is not considered in this
accumulation, Chtput cells with a high flow accurnulation are areas of

concentrated flow and may be used to ddentify stream channels.

The following graphic shows the results of the default usage of the

Flow Accumulation function in a GIS.

2122|4140 glojolojoq0
212|12|+|+|8 al1l1l=l21n
Tit1]21{4]3 (4 o3| TF|S|14|0
12828 11 21452 = ejojaoj2e|a]l
212111 #]4] 4 grolaoj1 =0
111111114518 elaj4aiv|9E]2
- . ' —— . -
flowGrid accumGrd

Fignre 3.6: Flow accamulabion from Now direcion

This flow accumuletion product slong with flow direction were used to derive
watershed boundary at 50000 cells thereshold {(minimum number of cells’ minimum
size to be considered ms watershed). The whole process has been presented with

figures (Figure 3.7 to 3.10).
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{b} Slope Map generation

Another derived dataset is the slope map (Figure 3.12), which was derived from
SRTM DEM. Slope identifies the maximum rate of change in value from each cell to
its neighbors. People somelimes confuse between slope measurements expressed in
degrees and as a percentage. Consider iriangle B where the angle of the slope is 45
degree. The rise is equal to the run. Expressed as percemage, the angle is 100%. Note
that as the slope engle approeches verticai {30 degrees), the percentage slope

approaches infinity.
nee
Dagrasol slopa=8 Percent of Hop2 = ppr & 100
rbe

1111111111111111

Degree o slope = 30 45 76
Percent of lops = 58 100 373

Figure 3.11: Degrec end percent of slope.

3.5 Ground Truth (GT) survey

Prior to land cover classificetion a Ground Truth {GT) survey (collecting GPS
location with descriprion of surrounding land cover) wes conducied during April
2005. Only 23 GT points had been collected in and around Kapiai Lake due to
restriction imposed by the Bangladesh Army. It was not possible to do the same in

Indian tersitory because of time and budget constraints.

3.6 Land cover classificalion

Mapping always has a relationship with the scale at which experls wam to map it.
One is spatia] scale {(e.g. 1:50000 scale) and another is non-spatial scale (e.g.
rumber of mapping classes) both of which describe the level of detail of the map.
As Lhis study concentrated on remote sensing besed mapping, literature was
chosen which describe the methods and techniques to map land cover by using

remate sensing tools.
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Some literature have described the NDVI {(which is an index derived from red and
near infra-red bands) as the means to map general land covers like water body,
vegetation density and bare land {e.g., Uchida, 2001; Deniel e al., 2000). As the
sludy aimed at idemtifying the changes in land cover which is particularly
responaible for erosion, and also as there was not enough ground truth points to
make the map more detailed, NDVI approach was mainly taken in considerslion
to map broad land cover classes in Kaptai wetershed. No panticular map/study was

found on remate sensing based fand cover mapping on Kaptai watershed.

For this study Landsat onthorectified images at 28.5m (for 2000s) and 57m (for
1980s) resolution were used to assess the forest cover changes over two decades.
VYisual inlerpretation, Ground Truth Global Positioning System (GPS) data as well
s secondary coarse resohnion land cover map were the main keys for setting up
appropriate NDVT thresholds to claseify land cover. The defail is discussed in
Land Cover Mapping chapter.

Resolution of the map was set based on the availability of free Landsat Geocover
series and resolution proximity to lhe resolutions of other datasets for erosion
modeling. Second closest free time series data was from MODIS but i

commenced very late, in 1999,

It is always a challenge to map sgricultura! area from a single date image because
it does not reflect the seesonal vanation of the crops and has very high probability
to mix with other land covers like bare land or forest cover. Only very high
resolution data {ike IKONOS, QuickBird or IRS can give such detail shape and
pattern of the field which helps & lot 10 interprete images visually. Having mid-
resolution of 28.5m or more Landsat is not able to show up to that level. In this
circumstance another way is to analyze time series data which reflect Lhe changes
in agricultural lands over time end then relating this change with cropping pattern.
But no free time series data at Landsat resolution level for last two decades was
found. Considering these reality agricultural land class was discarded from the
[and cover classification of this study.
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3.7 Change deteclion approach

Change detection approgch has always been very effective to idemtify the change
over time and space. Two nominal yeer's land cover maps were superimposed on

each other and then changes were identified using GIS overlay procedures.

3.8 Spatiai modelling of erosion for the year 2000

Some Inerature reparts the use of different erosion models like Universal Soil
Loss Equation (USLE} and Morgan gpproach. These two models are now widely
used all over the world. The mein difficulties of these models are many input
parameders that are not available for all locations. For example Morgan approach
requires rainfall detachment, soil detachahility index, annual kinetic energy,
interception etc. {ITC, n.d.). But none of them are available for Bangladesh. For
USLE, it requires rainfall erosivity, soil erodibility, topographical factor, plant
cover factor etc. (Bancy Mali et al., 2000). But nobody has develeped such
factors particularly for Bangladesh. Moreaver there are some limitations like
USLE was tested for <9%% slope and only for 49 5q. km. area. This mode] has
uncerlginty to produce pood result for hilly, large watershed of Kaptai lake. So
because of the unavailability of necessary input deta and uncertainty of these
popular models, it was decided to develop a simpler mode! based on available dala
to have a rough look of the erosion distribution in Kaptei watershed though no
atlempt wes made to vafidate the medel due to time and resource limfalions
However this effort might be & starting point to look imo this matter for further
study in future.

The erosion model of this study is te identify ercsion prone areas and the level of

eT0gion over space. Basic inputs and their sources are es follows:

- Soil (National soil coverage)

- Rainfall (Climmic Research Unit {CRU) data)

- Land cover map (from Landsat orthorectifiéd image for the year 2000)
- Slope map (SKTM)
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Figure 3.13: Flow diagram of the methodology sdopied in (his study.
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All those themes were classified based on their comeibution o erosion and specific
weights were given to ¢ach class. Finally the model calculated the erosion level aver
space based on those weights and the results were classified into three calegories
namely Highly Erodable, Moderetely Erodable, Low Erodabie area. A simple diagram
of the model is shown in Figure 6.5 for betier clanificalion.



Chapter Four

Study Area
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Chapter Four

Study Area

4.1 Introdachion

Kapmi watershed for the purpose of this study is considered 1o be bounded within a
rectangle wath its upper left comer at 91 degree 30 min E longitude and 24 degree N
latitude and the lower right comer at 93 degree E longitude and 21.5 degree N lahde.
The walershed boundary was delineated following some GIS based topographical
functions, which is explained in detail in Chapter three. Watersheds comprised the smdy
area covers most of the Chitagong HFill Trects (CHT) {mainly Khapgmachhar end
Rangamati dismricts) and extends further beyond the international boundery of
Bangladesh covering large parl of India. Figure 4.1 shows the location of Kaptai lake and
ils watersheds. Table 4.1 shows the area statistics of Kapni watersheds for Bangladesh
and India.

Table 4.1 Area statistics for Kaptai watersheds in Bangladash and India.

Walershed Bangladesh India Total
Area % Area % Area %o
{Sqbam. ) {Sqkm.) {Sqkm.)

Total 681984 6014 4526.85 3590 1134651 10000
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Figure 4.1: Location of Kapai reservair end ity watersheds in Bangladesh and Indin

4.2 Topography & Landscape:

Elevation in the study ares mnges from 42m o 1363m with 3 mean of 19%4m and the
slope vanies from O degree o B2.67 degrees with @ mean of 8.63 degrees. The whole
watershed is mainly coversd by trees and shrubs. There is comsidemble intensity of
shifting cultivaton, mainty of banana, rice and vegetables.
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Figure 4.1; Districts of Bangladesh in watersheds.
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4.3 Livelihood:

People living in the study area are meainly dependent on shifting cultivalion (of mainly
banana, rice end vegetables). Apart from that, people are aiso very much dependent on
fishing from the lake. Tourism is not much developed here, Areas arcund Kaptas lake are
controlled by the Army and movement for civilians, especially foreigners, is severgly
restricted. Felling of trees in low density forests {except i areas conirolled by the Forest
Departmer) is a very common phenomena driven by the need for fire wood (Tzipura
et.al, 2003). Rangamati 1s the major centre in the area with links to Chittagong. As road
and tele-communicalion links are not much developed, people still live in a mainly rural
environment No effective initiatives have been taken by the govemment to uplift their

qualsty of life.
44 Rainfall Patiern:

Rainfalt pattern of Kaptai is depicted in Figure 4.3 which is generaied from monthly lime
series rainfall data of Climatic Research Unit (CRU), UK. Rainfall is very low during
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Figure 4.3; Mean monthly rainfall (1961-2000) in Kaptai wetershed
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Qctober to March (winter season) while very high duning March to September (summer

58ds0m ).

There is considerable rainfall in May and June (> 300 mm}) which rises even further from
June to July up to August (around 650 mm) and then scarvs to fall again. Mean monthly
rainfall varies from 9 mm (January) to 650 mm (July). The mean annual precipitation

varies from 2481 mm to 3041 mm with an average of 259% mm.
4.5 Forest types in Chittagong hill tracts

Tropical evergreen and semi evergreen forests extends over Chittagong, Cox’s Bazar,
Chittagong Hill Tracts and Sylhel (otaling an area of §,70,000 hectare which is 4.54% of
total the landmass of the counuy and 44% of national forest land. Depending on
topography, seil and climale these ares ere categomized as i) Tropical wel evergreen
forests and 1t) Tropical semi-evergreen forests.

The hill forests are abundant with numercus plant as well as animal species. Some
impormant flora are Garjan (Diprerocarpus spp.), Chapalish (Arocarpus chaplasha),
Telsur (Hopea odermta), Tali {Palaguivem polbanthrum), Kamdeb (Callophylium
polyanthum), Urnam (Mangjfera sylatica), Jarl (Legarstromia speciasa), Civit
(Swintama flaribunda), Toon (Cedrela iwona), Bandorhola (Dwabarga grandiflora) etc.

Moreover there are hamboo, cane, climbers and fern etc. in these forests,

These forests have been brought under plantation programme smce 1871, At present,
plantation activities are bewng conducted under development projects. Some veluable
plantation species are Teak (Tectona grandis), Gamar (Gmelima arborea), Mchogam
(Swietenia spp), Chapalish (4rtocarpus chaplaska), Jaml (Legarsrromio speciosa), Koo
(Albizzia spp}, Chikrassi (Chikrussia tabularis), Pynkado ({pia dolabriformis), Kadam
(Anthocephalus cadamba), Telsur (Hopea odoras) ete.

The latest forest invemory shows that a 1otal of 23,93 million cubic meter forest produces

are available there
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Bangladesh is one of the signatories of the Convention on Biological Diversity.
Nevertheless, the three types of forests existng in the country — the evergreen and semi-
evergreen rainforests in the eastern regiors and the Chittagong Hill Tracts region, the
moist and dry deciduous forests, known as "sel” forests, silueted in the central plains and
the northeast region, and the tidal mangrove forests along the coast — are under threat,
and little is being done Lo save them. In the meantrme, the annual defarestation rete has
reached 3.3 per cent

The Chitlagong Hill Tracts comprise 14,006 square kilometers, which represent about 10
per cent of the country's area. Some of the major species in these forests grow o gigantic
heights and diameters. The tallest part of the canopy is genernlly formed by
deciduous and semi-deciduous trees while the under storey is of evergreen type.
Bamboo formations and savanneh are also present. Several imporaml species of
mammals inhabit the area: e.g. elephants, bisons, deers, leopards, etc. Birds like the
imperial pigean, the green pigeon, and the white winged wood duck are also pressmt
Commercial tree plantations, iflegel logging, dam mega-projects, and forced
displacement are responsible for lhe accelerated destruction of those precious
ecosystems, which means the destruction of their biodiversity, Rubber, teak and
eucalyptus monocultures for export have provoked negative ecological effects by the
substimuon of part of the forest, as well as conflicts betwean local communities
belonging to the 13 ethnic groups that inhabit the region and the Forest Department

(UNPO, n.d)

(Chowdhury, 1992)

4.6 Yisual survey of Kaptai lake and the surrounding areas

The following photographs (Photo 4 1-4.4) were taken in and around Kaptai lake in Apri)
2005, during the Ground Truth survey.
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Phato 4.1: Merket, uncovared [emd eround Kaprai wetershed durig dry season

Photo 4.2; Kaptm fringe, tnoovered lands e flooded seasonally
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Photo 4.3; Pact of Kaptai lake from binds cye view

Photo 4.4 Part of Kapia lake from hill wop



Chapter Five

Land Cover Mapping and
Change Detection (1980-2000)
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Chapter Five
Land Cover Mapping and Change Detection (1980-2000)

Changes have been idemtified by classifying Landsat orthorectified images for
nominal years 1980 and 2000 to see if there is any depletion of vegetation cover in the
Kaptai watershed, which might have fostered the siltation process in Kaptai reservoir.
Data were downleaded from Global Land Cover Facility (GLCF) site, which is freely
downloadablie. ERDAS Imagine 8.6, ArcView 3.2 and ArcGIS 9 software were used
for data processing, classificalion and mapping. Here hypolhesis is “vegetation cover
has been depleled over the period 1980-20007.

5.1 Land cover classification

Classification wes done based on Landsat sarellite data for two nominal years at 20
years range. To understand the classification, accuracy and scale, it is important o
know about the Landsat program and dats properties.

“In 1967, the Wational Aercnautics and Space Administration (NASA), encouraged
by the US Department of Interior, inftiated the Earth Resource Technology Satellite
(ERTS) program. This program resulted in the deployment of five satellites carrying a
veriety of remote sensing systems designed primarily to acquire eanh resource
information. The most noteworthy sensors were the Landsat Multi-spectral Scanner
(MSS) and Landsat Thematic Mapper (TM)” (Jensen, 2000). Landsat 7 Enhanced
Thematic Mapper Plus (ETM+)} is under NASA’s Earth Observing System (EOS).
The Landsat program has taunched seven satellites so far but several of them have
glready expired and three are still operational except Landsat 8, which failed te reach
the orbit. A detailed description of dilferent Landsat satellite’s launch gnd retirement
dates have been given in table Table 5.1
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Tahle 5.1: Landsat saiellites launch and retirement dates

Landsat Launch date Retirement date
Landsarl July 23, 1972 Junuary 6, 1978
LandsatZ January 22, 1975 July 27, 1983
Landsat3 March 5, 1978 September 7, 1983
Landsatd July 16, 1982 Operationel
LandsatS5 March 1, 1984 Operational
Lendsat6 October 5, 1993 Failed to achieve orbit
Landsat7 April 15, 1999 Operational

{ Jersern, 2000)

Landsat MSS covers Landsat !, 2 and 3; Landsat TM covers Landsat 4 and 5. The
Enhanced Thematic Mapper plus is Landsat 7 (ETM+). All these sensors and their
different characteristics are impomant while doing temporal change detection
especially for last 20 years or more. Landsat sensor characteristics have been given in
Table 5.2. The presem study has long time durmlion to see the changes in land cover
for nominal 19808, 19%0s and 2000. Dma were downloaded from Global Land Cover
Facilny web site gl umices. umd edu/data/‘guide technical ‘geocover. sh

Landsat MSS, T™M and ETM+ dma were collected for nominal 1980, 1990 and 2000

respectively.

Table 5.2: Landsat sensor charactenistics

Landsat Sensor | Band Spectral Spatial Crantization Farth Swath
no, Resolution Regplution | leved coverage | width
(pum) (meter)
0.5-05 57 6 bit 18days | 185
0.640.7 km
0.7-0.8
{1.3-1.1
{450 52 285 B hit 16 diays 125
0.52-0.6 km
0.63-0.6%
0.76-0.9
1.55-1.75
14.40-12.5)
2.08-2.35
0.454) 52 285 2 bit 16 days 1B5
0.52-0.6 km
0.63-0.69
0.760.9
1.55-1.75
10.40-12.50
203-1.33
Pany | 0.52-0.90 14,25

Landsat MSS
{(Landsat 1,2
and 3)

(TM)
4 and

i HI

Eqmuawmuqauhummawmn—

Mapper  (TM)
(Lamtsar 4 amd
5

{ Jensen, 2004)


http://glcfumiucs.umd.eduldata/guideitechnica/lgeocoyer.shtmlJ.

57

Prior to land cover c¢lagsification a classification scheme has been developed.
Classification was basically onented to exisience of vegetaton covers. Thus the

following classification scheme was finalized.

A Water body (Lake, stream, river)
B. Non-vegetalive/non-woody/Non-forest (Bare, harvested/cultivated agriculture,

Barren, fallow agriculture, fallow Jhum cultivation, clear-cul, logged area, slash and
burn, very highly degraded vegelation)

C: Vegelation low density (Open fragmerted forest, low-medium dense vegelative
cOver)

Ix Vegetation high density (Closed forest, highly dense vegetative cover)

Though this classification is to identify vegetative cover, not parricularty the forest
area the forest types and their yearly cycle was important to map vegetalive Cover.
Chittagong Hill Tracts {CHT) possess some deciduous trees that leave leaf during dry
season {Chowdhury, 1992}, Even the global GLC map (1 km resolution) also shaws
the presence of deciduous trees around Kaptai lake. It was sssumed thet all deciduous
trees in the study area lost their leaves during the tirne of image acquisilion as all
images were captured during dry season {February, April}. In this way it can he said
thar this forest map will include only evergreen or semi-evergreen vegetalion a8 no
time series data was available in hend to map seasonal variation for the nominal year
1980 and 2000. No secondary map of forest types (particularty deciduous forest) was
found at Landsat resolution for 1987 and 2000, Survey of Bangladesh hes some map
at 1:25000 scale, produced in 1975, thet shows presence of non-dense forest in non-
forest/non vepgetative area of Landsat image of 1978 {nominal 1930). No proporion
statistics of forest types was found for the study area particularly for CHT. Thus

deciduous trees remaned uneccounted for this mapping exercise.

A Ground Truth {GT) survey (collecling GPS location with description of land cover)
was conducted during April 2005. Only 23 GT points was collected in and around
Kaptai Lake due to restriction imposed by the Army. It was not possible to do the
same in Indian territory because of time and budget constraints. Land Caover for
different years has been classified based on nnsupervised classificetion approach,
ground truth GPS locations, imerpretalion of high resolution 1RS (Indian Remote
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Sensing Satellite) image and False Color Composile (FCC) of Landsat. Differem
classes of {and covers were then verified by secondary coarse resolulion (1km) global
datasel (Landuse Landeover map, USGS, 1992; Global Land Cover Facility {GLCF),
2000 end Forest Density Map of USGS, 2000) and overall knowledge of the
landscape. Maps were verified with secondary coarse resolution land cover dala.
Foresl areas have been compared with FAQ forest cover map and found satisfaciory.

5.2 Base daia preparation

The following data/maps have been prepared/collecied for interpretation of classes.

5.2.1 Watershed boundary delineation

5.2.2 NDVI map preparation

5.2.3 False Color Compuosite (FCC) of image
5.2.4 High resolution image for ground tnathing

5.2.5 Secondary coarse resclution land cover map

5.2.1 Watershed boundery delineation

For this study it was first necessary to define the Kapiai watershed boundaries,
which demarcates the study area. Shuntle Radar Topographic Mission {SRTM)
elevation data were used for watershed delineation, which have 90m spatial
resolinion, This delineslion process followed several steps as stated in
methodology chapter in detail (Figure 3.3 to 3.10).

These watershed boundary polygons were then overlaid over the Imemnational
boundary of Bangledesh. It was found that about 60% of walershed fall inside
Bangledesh territory while 40% fall inside India (Table 5.3).

Table 5.3: Area slatistics for watershed in Bangladesh and Indian territory.

Watershed Bangladesh India Total
Area % Area % Aren Ya
(Sqkm.) {Sqkm.} (Sqkm.)

Total 681984  60.10 4526.85 3990 1134691 100
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5.22 NDVI generation from Landsat data

NDVI wes generated for each masked out tile for nominal years 1980 and
2000 by following Equaticn 5.1 by using Near Infrared (NIR) and Red band.

NDVT veries from -1 to +1 as becguse it is a ration and dimensionless.
NDVI= (NIR-Red)/ (NIR+Red) (5.1

The nominal year 1980 is almost covered by two tiles (April 15, 1978; Nov 3,
1972). But Lhe second one (Nov 3, 1972) covers only a very small pant of the
lower end of the study area, which has 5 momths’ and 6 years’ of difference in
time with Lthe hrst tile {(Figure 5.1). Moreover lhere is a horizomal gap of
7300m between the two images. Due to this big temporal, seasonal and spatial
gap the second tile was not considered for the classification for 1980s. The list
of imeges and their spatio-temporal description are presented in Table 5.4.
Figure 5.1 and 5.2 shows Landsat tile’s coverage for the nominal year 1980
and 2000 respectively.

Table 5.4: Spatio-temporal description and processed images

Nominal year Dete of Path-Row Tiles processed
acquisition
1980 (Partl)  April 15, 1978 P146-R44 Processed
1980 (Parl2) Nov 3, 1972 P146-R45 Not considered
2000 {Part1) Feb 7, 2001 P136-R44 Processed
2000 {Part2) Feb 19, 2002 P135-R44 Processad
2000 {(Part3) Feb 14, 2000 P135-R45 Processed




mss-arihg- 1072 | 1-00% stach-utmal

Figure 5.1: Landsat lile’s coverage for the nominal year 1980
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Figure 5.1: Landsat tile’s coverage for the rominal year 2000
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52.3 False and True Color Composite of Landsat data

Different False Color Composite (FCC) and True Color Composite (TCC)
were selected based on different band combination and different sensor as
given in Table 5.5. This was done based on the reflectivity characteristics of
different bands.

Table 5.5: Different Landsat sensor and FCC combinations

Sensor Year FCC1 FCC2 TCC
{nominal)

MSS 1980 R:3,G2 B1 - -

ETM 2000 R4,G3,B2 R4, G3,B5 R3,G2B1

These FCC as well as TCC helped a lot in visual inlerpretation of differences

in density of vegetation, uncovered area and water bodies.

524 High resolution image for ground truthing

High resolution [RS LISS IIT image was processed at 5 3m resohnion level,
The resolution merging techrique was used to merge 24m multi-speciral bands
with 5.8m pan bend. It is & technique to distribine the multi-spectral band
values over high resolution pan band. This enhanced the pan band with colour
information to assist image interpretation better. In fact this image was the
basis for visual interpretation of Lendset image and identification of land

cover clesses after unsupervised classification.
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Figure 5.3: A snap shot of IRS LISS ITI {resolution merged wilh
Pan band) (Date: Pan-13 march 2001, Multispectral-23 April 2001)

Figure 5,4' Extent of IRS LISS Il image on Kaptei watershed (Black
square)
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5.2.5 Secondary coarse resolution land cover map

FAO forest cover map armd other land use/ lamd cover maps of Bangladesh
were collected from the Internet. These were registered to the satellte images.
Coarse resolution secondary land cover maps (Lenduse Landcover map,
USGS, 1992; Global Land Cover Fecility (GLCF), 2000) were collected from
Global Land Cover Fecility web site of USGS. These were registered to
Landsx data..

Legend Fig 5.6 Farest cover map (Closed forest
Waer i
o rore in groen), 2003, Forest Depariment
Coren¥ ragrmenet Fore ol
CErmer Whosdd e Lants
Ccher | ety

Frg 55: Land cover map, FAQ



USGS and GLC maps have 15 and 12 classes respectively in Kaptai watershed. These
clagces were merged and categorired into 4 classes for the sake of simplicity of the
mep. These secondary maps helped to identify particuler threthokt for NDV1 for
claasifying Landsat data

L)
Fig AT Lend ooner of Kyl wmtorshed, Fiz 4A: Lend ot of Kaptad watordad,
5GS, 199201 GLC, 2000
Aesctotion: 1 km Resototion: 1 km

583 Classilieation

FEach tile for 1980 and 2000 were classified based on unsupervised classification
technique. Following are the sieps of class idemilication process.
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5.3.1 Tile by tile approach

Initially it was decided to mosaic ail liles for each nominal year, but it increases the
data variability because of the difference in dates of images. It was observed that the
mosaic of Normalized Difference Vegetation Index (NDVYT) for differemt year's
images have clear distinction along the edge of the mosaic lines, which indicates the
reflectivity of band 3 and 4 for different dates are certainly different for a particular
tand use. So finally each Landsat tile was masked out separatety by the study ares
(Kaptai watershed boundary). This tile by tile approach reduced the range of values in
each image which enhanced the image better and made good contrast in image
(FCC/TCC") for better visual interpretetion and thus help in idemtification of classes

after unsupervised classification.
5.3.2: Unsupervised classificeion for 25 classes for each lile

Each tile for 1980 and 2000 was classified into 25 classes based on unsupervised
classification technique which is a steistical process 1o idemify variability into
multivariete data (ENVI 3.6 help file). Standard deviation 2 was used for this process
with maximum Heration 99 and 0.97 as threshold. For more information on

unsupervised classification please see ENVI 3.6 help file.
5.3.3: NDVI plot

Each of the 25 class’s average NDVI was plotted to see the variation among classes.
NDVI is an index of Red and Near Infra Red (NIR) band as discussed in the previous
chapter. NDV1 hes & positive comelation with vegetalion cover and density
(FEWSNET, n.d.; US Water Conservation Laboratory, 2005) which helps 1o identify
classes logically,

" FCC: Stands for Falee Colar Composite which is mwry combmatian of image bands displaved using
red, green amd bhue color.,

TCC: Ssands for True Calor Composile which is the combination of (hree optical hands (certan range
of frequency of light which is visibie) display satellite image in Ratarsl oolor,
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Figure 5£.9: NDVI of 25 classes of 15 April 1978 Landsat MSS image.

NDVI values range between -1 and +1, wilh dense vegetation having higher values
{e.g., 0.4 - 0.7}, and lighiy vegelated regions having lower vaiues {(e.g., 0.1 - 0.2).
(FEWSNET, n.d.).

5.3.4: Bi-spectral plot

It is another effeclive technique for identification of classes based on wetness,

greenness and dryness state of the class aver 2 dimensional [eature space. Avemge
Red and NIR band values of Landsat for each class were plotted on 2 dimensional

space like below.
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Figore 5.10: Bi-speciral plot of 25 classes derived from 1978 Landsat ymage

Here X axis represents Red band and Y axis represents NIR band. The middle line
across the plot et 45 degree angle is called Soil Line which is the equilibrium of X and

Y axis.

5.3.5: Class idemification -

As a particular class comes close to zero in bi-spectral plot, it gets more
moisture/water. If it goes up and parallet to NIR band axis the difference between
NIR and Red increases this gives higher NDVI. This ctass must have high density of

vegetetion. Centainly classes close to soil line has very litie/no vegetmion. Any class

%
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below scil line is considered as water/ very moist lend. As class goes up along soif
line i gets more dry. {Thenkabail et al., 2006). These charzcieristics of classes on bi-
spectral ptot were relmed with NDV1 plot (Figure 5.10) and visual inlerpretetion
(Figure 5.12). Usually if NDV1 is negative it certainly represents water/moist ¢lags. 1f
NDV1 goes up it represent existence of vegetation. Higher NDVE means higher
density of vegetation. (FEWSNET, n.d.)

Thus these two plots are has played the key role in identification of primary classes.
These primary ciasses were then compared with GT points and visual interprelation of
high resolution IRS imege, Landsat image and secondary coarse resolulion maps.
There were some classes which were difficuli to idemify because they had some
mixing with other classes. In such cases ¢lasses were examined carefully and labeled
based on mazjority end probably to be under particular map unit. For example if
majority pixels fell under non-forest ¢lass and bi-speciral characteristics showed the

proximity to non-forest classes, it was labeled as non-forest.

Finally the foilowing classes were identified.

A. Water body (Lake, stream, river)

B. Non-vegetative/non woody/Non-forest  (Bare, barvested/cultivated wgniculture,
Barmren, fallow agricutture, fallow Jhum cultivation, clear-cut, logged area, slash end
burn, very highty degraded vegetalion)

C: Vegelation low density (Open fragmented forest, low-medium dense vegetative
cover)

D: Vegelation high density (Closed forest, highly dense vegetative cover)

5.3.6: Filtering

After classification of each tile, Majonty filtering function was used to remove
isolated/scartered pixels. A 3X3 neighbourhood was selected to examine atl values of
8 surrounding pixels (neighbors) around a particutar cell and only the majority value
was assigned to that pixel.
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5.3.7: Mosaic

All tiles for a particular year were finally mosaiced to get a oonlinuous surface. This
was not necessary for the 1978 image becanse only one tile was considered for
nominal 1980. But tiles for nominal year 2000 were mosaiced to have a single
surface. The land cover maps for the naminal year 1980 and 2000 were prepared thus.
5.4 Final Mapping

Classification was done st different resolution for differemt years (Teble 5.6)

Table 5.5: Scale of classification for different years

Sensor Nominal Year Mapping scale/resolution
ETM+ 2000 28.5m
MSS 1980 5Tm

ETM+ was classified at 28.5m resolution for nominal year 2000s as NIR and Red
bands (used to generste WDYI) have thet resolution, though Pan band has 14.25m
resolution. MSS image (1980s) was processed at 57m resolution. Finally the land
cover for 19808 was resampled into 28 Sm to match with 20005 for the easemernt of

further calculation end comparison.

Figures 5.11 and 5.12 show the final maps of nominal year 1980 and 2000. Table 5.7
describes the area by percentage and average WDVI of different land covers, Water
body in year 1978 (norninal 1980) was found much less than in 2000 as because of Lhe
late monsoon in 1978. Non forest area has increased by 8% and low dense forest area
has decreased by 19%. High density forest has increased by 7.5%. But overall forest
coverage (low+high dense) has decremsed by 11.6%. This has probably happened
because of increase in non-forest areas though government has implemented many
afforestation/plamation program in Chittagong Hill Tracts since after independence
(Chowdhury, 1992).
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Table 5.7: Area statistics and percentage of fand covers in Kaptai watershed

Land cover Year 1978 Year 2000
Ama mkm % AVE Arma_sokm % Avg
NDVI NDVI

Water body 184 89 1.66 0,30 601.1% 530 0,22
Mon-forest 2100 62 18.98 0,10 305913 2695 0.15
Forest low dense Ja1412 33 0.26 172535 1521 0.31
Faresl high dense X001.86 45.02 .44 5090491 52.55 {.36
Total 11109589 10dLDD - 1135157 10000 -

The underlying cause of this decrease in overalt forest area could be related to Lhe
population as it has increased by double from 1901 to 2000 (Tripura 1 al, 2003} and
increased by 158 thousand during 1981-1991 (BBS, 1992}. So the pressure on land
hes intensified which led to the imlensification of jhum cultivalion. Before jhum
farmers used to cultivete a perticular land every 1G/15 years, which has now
intensified to 3/4years. In Khagrachan district this imensification is even lower than 3
years inlerval (Tripura et al, 2003). Though many plantation progmms, social forestry
programs have implemenied and stilt under implementation, but they have not been
enough to cover the combined loss of fhumr and togging. Thus vegetative cover is

decreasing over time.



71

[ | Hon-foresl area
[ Forest low dense
[ Forest high dense

] Waterbody

BANGLADESH

Figure 5.11: Final Maps of 4 classes for 1980
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5.4 Change Analysis

Two land cover maps for nominal years 198C and 2000 were analyzed to identify
spatio-temporal changes over time. To do this it was necessary to keep the waterbody
a5 constam over time. It was assumed thal the extent of water body would be the same
over time since it basically depends on of amount minfall or drought period in a
particular year. Moreover this study dealt with vegetation coverage, not water body or
it’s seasonal flood plain area. Thus water level rise did not have any effect on area

coverage statistics of other land covers.

It was found that water body area of year 2000 covered the whole water body of 1978
map (nominal 1980). So water body area of 2000 was superimposed anto 198G map
and replaced other Jand covera falling under. Some variation in area coverage is
noticed after this merging operation. To maintain more acCurecy in comparison, map
2000 was clipped by the extem of map 1980 which is named as 2000 (common). Se
other map of 2000 covering the emire watershed is then renamed as 2000 (whole).
After this extent adjustment the 1980 map was compared with 2000 (common) mep
and found that non forest area had increased by 10.6%, forest low density decreased
by 18.4% and high density forest increased by 7.9% (Table 5.8 and Figure 5.13).
Overall forest coverage has decreased by 10.6% which is a really high depletion rate
over & 20 year period.

Table 5.8: Temporal vanation of land covers in Kaplai watershed

Land covers 1980 2000 (common) 2000 (whole)

Area sgkm %  Area_sgkm % Area sgkm %

Water body 600.56 34 600.56 54 601.19 5.3
Naon-forest 1819.61 16.4 2996.93 27.0 305913 269
Forest low dense 373484 336 1683.31 15.2 172635 152
Forest high dense 4954.38 446 5829.08 525 396491 525
Total [orest B689,72 78.1 7512.39 67.6 T7691.26 67.8

Total 1110989 100.0 11109.89 100.0 11331.57 100.0
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Figure 5.13: Percentage of land covers over time in Kaptai watershed

Area statistics of two land cover maps were generated based on international territory
(Figure 5.14), It was found that Bangladesh had lower percentage of high density
vegelative cover though it has a higher percentage of low density vegetation and more
higher non-vegetative areas in 1980. In 2000 the situation had impraved a bit. Figure
5.15 expiains that the high density vegetation of Bangladesh was jus half of the same
in India in 1978. But low density vegetation was higher than in India by 12%. At the
same time non-foresl/non-vegetative ares was 9% higher. This indicates the better
gituglion in India than in Bangladesh in 1980 though India occupies lower percentage
{40%) of watershed than Bangladesh. In 2000 high density vegetation increased in
Bangladesh territory but it was slill lower than in India by 23%. Low density
vepetation decreased and non-vegetative/non forest area increased subsiantially in
both countries. Thus total vegetative cover (low density, high density) decreased
substanhally by 13% in Bangladesh (from around 71% to 58%) while in India
vegetstion loss was only 7% (from around 87% to 80%%) over the 20 year time period.
Non vegetative/non forest area increased hy 13% and 3% in Bangladesh and India

respectively.
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%.4.1 Loss and gain analysis

Though it is clear that vegetation has depleied in Kaptai watershed over 20 years, it
was important to see the qualitative change in vegetation in terms of loss and gain
over time both st aggregaied and disaggregated level. At the disagpregated level, three
classes are considered - non-vegelative/non woody/non forest, vegetation low density
and vegetation high densiy. At the aggregmed level only two classes are considered -
non-vegetalive/non woody/non forest and vegetation of both densities which is mainly
closed and open forest area. Disaggregated analysis was mosly concentrated on
distribution of loss and gain but aggregated analysis was more efaboraie because of

small mumber of classes and simplicity of analysis.

(a} Disagzregated level Joss and gain

Before performing this anelysis water body area was deducted from the maps of 1980
and 2000 {common). Then non vegetative/non forest area, vegelation low density and
vegetation high densirt area were recoded to 1, 2, and 3. The recoded map of 1980
wgs then deducted from map 2000 (common) (Figure 5.16). This pixel to pixel
comparison gave the following result (Table 5.9).

Tahle 5.9: Loss and gein m Kapiai watershed during 1980- 2000 at disaggregated
level

Vahie Loss/gain af vegeiation % af total watcrshed arca
-2 Hligh loss 6.06
-1 Low loss 1920
0 No change 5191
1 Low gain 16,95
2 High gain 5.84

Here the number 2 in the value field indicates a value which is always a deduction of
1 from 3 in 1 to 3 scale. So a3 3 is high density vegetation and 1 as non-vegetative, -2
i§ the change from high dense vegetation in 1980 ta non vegetative condition in 2000
{1-3 = -2) which indicates a high loss. In the same way +2 ar 2 indicates a gain. -1
tndicates change of vegetatron from high dense to low dense or low dense to non-
vegetative condition. Zere (0) indicates no change. Around 52% of the Kaptai



T

watershed did not have eny change over time while total gain was about 22% but

lozses were observed in 25% area.
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Figure 5.16; Distritanion of vegetation loss and gain over the watershed for

disaggreaated classes.
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(b) Apgregated level loss and gain

First water body area was deducted fom the maps of 1980 and 2000 {(common). The
non vegetative/non forest area, vegelation low dense and vegetation high dense area
were recoded to 1, 2, and 2 respectively. The recoded map of 1980 was then deducied
from map 2000 (common) (Figure 5.17) {Table 5.10). It was observed that sbout 70%
of watershed did not have any change. Loss was for 20% and gain for 9% of the
walershed area.

Table 5.10: Loss and gain in Kaptal watershed during 1980-2000 al aggregated level

Value Loss/gain of vegetative/forest cover % of tolal watershed area
-1 Loss 20.31
0 No change T0.56
1 Gain 212

This aggregated gein-loss layer was then compared with slope and elevation map.
Both maps were classified at irregular interval and then overlaid on gain-loss map.
Area of gain-loss under each interval/renge of elevation and slope were calculated. It
was found that maximum loss happened in 50-100m elevation mnge while meximum
gain happened in 100-250m range (Figure 5.18). The maximum of no change area fell
in 100-250m range. Both loss end gain increased with elevation but decreased after
reaching 250m. Maximum difference between loss and gain was in 50-100m

elevation.

In the same way the sggregmied loss-gain map was compared with slope range map
(Figure 5.19). Maximum loss happened in 2-5 degree slope mange while maximum
gain happened in 10-20 degree slope range. Maximum unchanged area was under 10-
20 degree slope. Maximum difference between loss and gain was in 0-0.5 degree
slope. This difference decreased ns slope increased, which means gain increases as
stope increases but start to fall after 5 degree slope. There was atmost no gain or loss

after 40 degree slope because this type of slope is not suitable for cultivation or

logging.
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Figure 5.17: Distnbution of vegetation loss and gain over the watershed for

aggregated classes.
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Figure 5.19: Vegetation loss or gain at different slope mnge
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Change elso was analyzed within each range of elevation and slope (Figure 5.20.
5.21). It was found that maximum change took place in 0-50m elevation. This might
be because of the elevation mnge suitable for agricultural activities. Vegetation was
lost substamially (42%) since gain was very less {4.8%) at 0-50m range. Vegetation
loss decreased as elevation increased. Proporion of non vegetative/non forest area
increased subsinntially as elevasion went up. The difference between loss end gain is
least afier 250m elevation,

Figore 4.20: Proportion of vegetation loss and gain within difTerem elevation range.

In the same way loss—gain was compared with slope map within each range of slope
(Figure 5.21). Maximum proportion of vegetation depletion (loss) happened in 0-0.5
degree slope. Afler that depletion decreased zs slope increased. Vegetative/orest
cover and unchanged proportion increased with slope substantially. The proportion of
gain was higher in greater than 20 degree slope range amd highest in greater than 40
degree elope range.
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Figore 5.21: Proportion of vegetation loss and gain within different slope range.

The district of CHT was owverlaid on the loss-gain map derived from aggregated
classes to the distribution in CHT (Figure 5,22, 5.23}. Loss happened substartially
both in Khagracheri and Rangamati district but gain wes higher in Rangamati district.
Bandarban was not considered because it covers only 1.1% of the watershed fatls
inxide Bangladesh. The highest percentage of area remains unchanged in Khagrachan
district, In fhet situation in Khagarchari is worse than in Rangamati because
Khagarachari has occupies only 20% of watershed inside Bangladesh while
Rangamati occupied 73%. Bun Rangamati has higher vegetative/forest percemage
than Khegrachari since both of them have almest the same properton of non-
vegetative/non-forest grea,
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Figure 5.22: District of CHT and distnbution of loss and gain over the walershed for

ngEregated classes,
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5.5 Accuracy Aasessment

Kappa accuracy assesament was done for the year 2000 efter classification.

Agsessment was done based on three daa sets.

- Ground Truth (GT) data
- Forest Cover of Bangladesh (Forest department of Bangladesh)
- Global Land Cover data (GLCF)

The following lables (Tables S.11 1o 5.13) show lhe sccuracy assessment levels,
coding of reference fand covers and error of Lhe classification at different levels.

Disaggregated leve! contains four classes and aggregated level contains three classes

where low and high density vegetmtion have become one class called vegetative cover.

Tabde 5.11: Accuracy assessment levels

Class Code disaggregated Code aggregsted
Level {4 classes) Levet (3 classes)

Water body 1 1

Non-vegetative/non-forest 2 2

Low densed vegetation/Open

fragmented forest 3 3

Highly densed vegetation/Closed

forest 4 3




Tahle 5.12: Classes ol reference data and equivalent class code in different level.
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Reference
data type

Land cover

Code_Disagregated Code_Apgregated

level

level

GT data

FAQ
forest map

GLC map

Water body
Bere/Builtup/Shifling
cultivation

Degraded shrub
Moderate dense shrub-
grass

Dense canopies

Shal forest

Dense shrub, grass,
canopies

Water

Open fragmented forest
Closed forest

Onher wooded lands

Water Bodies

Slope Grasslands
Irmigated Intensive
Agriculture
Irrigated Agriculture
Degraded Forest
Abandoned Jhum
Bush

Tropicat Evergreen
Tropical Semi evergreen
Tempersie Conifer

Tropical Moist Deciduous

Tropical Dry Deciduous

L P Ll et

b b on b b L) b b B R

Led b

bl

Wl Lo Ll

| o I

Lt L e hed L) Gl Gl b RS B

Noiz:

At disaggrepated level code 1 = Water bady, 2 = Nop-vegetative/non-forest  3=Vegetalion low denee
and 4=Vegetation high dence. AL ageregated level code I = Water body, 2 = Non-vegetative/non-forest,
3 = Vepetative cover (lowthigh dense)

Table 5.12 shows the classes of reference dma and equivalent class of the classified

map at two aggregation levels. This labeling to equivalent class was done based on
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the class names presernt in reference data. This was done because accuracy assessment
needs 1o match both reference and classified map’s classes. Otherwise it will cause

WIDIRE assesament,

Table 5.13: Accuracy at different level for different reference data.

Reference  Lewel Number  Owernll Owverall Owverall Owerall
data bype afclass  Accumey  Misclassification Omission  Commiss-
%) Rare (%) Eror 100 Ermor

1. Ground Disaggregated 4 78.26 2114 21 7.25
truih dala

Agprepnied 3 B2.60 1739 17.29 269
3. Forcst Dvsaggregated 3 56.36 43.64 43.64 14.55
Cover Map
of R} Aggregated 2 B5.3B 1462 14.652 .3
3. Global Disaggregated 4 49.86 50.14 50.14 16.71
Land Cover
Map Aggregated 3 91.1% 2.81 3.81 441

Tahle 5.13 concludes Lhat overall accurecy of classification at disaggregated level is
very good when it is compared with GT data (7B.26% accuracy). But at agpregated
level all the reference data shows very high accuracy (more than 80%) where Global
Land Cover map proves the highest accuracy of the classification. Orvernll accuracy is
found based on following equation

Ohverall accuracy = Number of reference points matching with classified class / Tosal
number of reference points. (5.2)

Reference GLC meap and Forest cover map of Bangladesh shows very high omission
grror at disaggregatad level. This is becanse the two types of vegetation density in
¢lassified map (low dense, high dense) do not match well with GLC and Forest Cover
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map. But this error came down to around 10 % when these two classes were
ageregated v one single class. Overal! commission error is highest for GLC map at
disaggregated level (16.71%), but lowest et ageregated level (4.41%4).

In a nut shell it can be concluded thar accuracy is very much satisfactory at
aggregated level (3 classes) for all reference data while it is not sarisfactory at
disaggregated level for GLC and Forest Cover map of Bangladesh which is around
50%, but very satisfactory (78.26%) when compared with GT data. In this
circumstance it is very hard 1o judge the overell eccuracy. To resolve this situation all

ACCUTRCIeS weTe averaged.

So at disaggregated level average accuracy is (78.26+56.36H49 86)3 = 61.49%
At aggregaled ievel average acourecy is (82.60+85.38+91.19)/3 = 86.39 %

This overall accuracy shows wery setisfactory result at aggregated level but
moderately satisfactory result at disageregated level.
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Chapter Six

Modetlling Erosion Prone Areas

Literatures study revealed that Umversal Soil Less Lquation {USLE} is thc mosl
widely used model for soil erusion pattern due to its simplicity. Bot that also needs
some npuls, which were not available for the study arca, For example, there was no
minfall erosivily index available for study area. Values required to calculate soil
erability faclor such as pereentage of clay, sand and fine sand were not available as
well. Moreover soil informalion for the reserved lorest areas in Bangladesh as well as
arcas under Indian Temilory are pot available. Global level Food and Agricullure
Cwrganization (FAO} soil map is very crude to consider as a factor map. This
unavailability of data necessitates a new approach to map erosion pattern in Kaptai

Watershed in data constraints envirmnment,
6.1 Modeling Approach

Different factors were considered which affects the erosiou pattern. These are namely
larul cover {major land cover), rainfall (annuat average), slope {in percentage) and soil
lexture. All these factor maps were then rescaled at 0 to 1 scale. And finally
multiplied together to derive erosion potentialily map. Seasonal variation of erosion

pattern was not exarnined because of the lack multi temporal Landsat daia.

6.2 Land Cover Factor Map

Land cover was identified mainly by visual intcrprelation of Landst ETM+ data
Ground Tnith points and secoudary land cover map of USGY along with slope
asgisied lot 10 set the threshold for derived NDVI and make the interpretation betier.
Laud cover identification procedure has been described in previous sections in detail,
Three land cover maps were prepared for nominal year 1980s, 19905 amu] 2000s. Land
cover map of 20005 was used as an erosion factor in this model as the focus was 1o

know the current erosion pattem in study area.
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The land cover map has four values {1, 2, 3 and 4), which has been rescaled to 0 to |
by giving weightage o dilferem classes (Tablz 6.1)

Tt was assurmned that water body has no erosion, while highly dense vegelation has
very bow erodion because it has less/no openings. Low densily vegetalion was given
factor (.5 while pon vegetative/non woody/non forest land was given high because of
its igh susceptibility to erosion (1'igure 6.1}

Table 6.1: Land cover of 2000 and scoled erosion faclor.

Land cover Erosion factor
Water body ]
Highly densed vegetlalion 0.1

Low densed vegelation 0.5
Barren/ no vegetalion 0.75

6.3 Precipitation Factor Map

There was only one minfall station within Bangladesh ares that had continuous
rainfall measurement located in Rangamati (at the fower left comer of Kaptai Lake}).
So Climatic Research Uit (CRL)) global rainfall data were nsed at 50 km spaliai
resolutioo. Data were collecied from CRU web site, which is available from 1960 to
2000 on moenthly basis. The iext dala in FORTRAN ASCI! format were converted
into windows ASCII format end [inally processed by a program developed with
Avemie language of ArcView. This automated program generated grid for every
morth over 40 years in ArcInfo GRID formal. Finally 10 years data (1991-2000) were
clipped for the study area, summed up and averaged to have average anrmual minfall
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Figure 6.1. Normalized land cover faclor map (Normalized a1 ¢ to 1 scale)
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Point data were extracted from the final average anmual rainfail GRID and were re-
projected imto UTM46N projection to match other factor maps. Finally it was
interpolated at 28.5m resolution following Spline method {weight: 0.1, mo. of
points: |2, imerpolation 1ype: regularized) 16 et a continuous surlice. This continuous
surface was then rescaled from 0 to 1, where 0 = minimum ranfali and 1 = maximum

rainfull {Figure 6.2). The following equation was used for rescaling.

Vs = V/ Vmax f6. 1}

where Fs= Scaled value of rainfall in a particular cell.
¥ = Rainfall valuc of that cell

Vmax = Maximuin rainfall value among all cells

6.4 DEM Processing

The Shuttie Radar Topographic Misston {SRTM) DEM was used for the study which
is at 90m resclution. First all the sinks (spatially connected cells whose flow direction
cannot be assigned to any acighbour celly were filled to comrecl the DEM and then it
was resampled to 28.5m. These sinks were filled by FILL command in Arcinfo 9
GRI1D module 1o penerate a ydrologically corrected DEM.

6.5 Slope BEctor Map
Slopc map was generated in perecnlage from processed DEM by using G15. This

percentage slope map was then rescaled from 0 to 1 {(where 0 = minimum and 1 =
maximurmn) by following Equation 6.1. The outpixt is presemed in Figure 6.3.
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6.6 Soil Fador Map

The GIS database of soils of Bangladesh was prepared under Flood Action Plan 19
{ISPAN, 1595). Soil map was processed through different sieps.

A. Soil map was registered and rectified to satellite image in UTM zone 46
projection and World Geodetic System (WGS) 84 Datum.

B. Soil texiure was identified fom the attribute database and classified into four
calegores (Very high, High Moderate, Low) based on it3 ¢rosion potentialily
{RAC Soils Research, n.d.).

Reserved forest areas dd not have any soil informalion so those areas were
merged with mixed seil category to have @ moderate weighlage valve. Finally
all were assigned a facior value from O lo 1 scale based on soil texture’s

potentiality of erosion (see Table 6.2 and Figure 6.4).

Tahble 6.2: 50il texture and erosion polentiality

Soii Texture Erosion potemiality Weightage Factor
Loamy sand Yery high 100
Silt loam High 0.75
Sandy loam Moderaie (.50
Mixed Moderate 0.50
Loam Low 0.25

Silty clay loam Low .25
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6.7 Mode]l Result

Finally all factors (slope, rainfall, land cover and soil} were multiplied and final
erosion (Ector map was obtained. it was normalized tased on the following equation:

Vi =V/ Vavg 6.2)

where ¥ = Scaled value of a particular cell.
V= Value of that cell.

Vm?g = Average value amony all cells

The {ollowing criteria were used Lo set thresholds where 1 is considered as average.
So values around ! is considered as average erosion potential while the other two

extremes are considered as low and high erosion potemiial area.

0-0.5 = Low crosion
0.5-1.5 = Average erosion

1.5 = High erosion prone area

Sce Figure 6.5 and Figure 6.6 for a schematic diagram and Lthe output of the model

process.

%



{deqres) Land Cover Map
Predipitation Map Naormafized Soit
(mm) Texture Map

Normallzatlon

’
Normalired Sope Normalized Land
Map({Din 1) Cover Map

(O 1)
¥
Normatized
Predphation Map Normalized Soif
(0to 1) Map (0 to 1)

1

Final Erosion
Poterial Map

Frgure 6.5 Potential erosion modelling process,
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The area statistics of the result have been given in the lable below.

Table 6.3: Arca matistics for different erosion potential areas.

Erosion level Area (sgkm) Percentage
Low 5165.64 45.52
Moderate 4191.87 36.94
High 1989.41 17.53
Tatal 11346.91 100.00

Modelling result shows that 45% of the area has low erosion risk while 17% has high
erosion risk. The rest 36% fails into average erosion category. This is an indication of
how much arca is to be conserved for erosion management in Kaptai Watershed. High
and average erosion prone areas should be taken care well, which may require
intensificrion of vegelation cover or change in species. This may lead to sindy the
reason in depth which is not possible to accomplish in limited time and resource in
current stiedy. Anyway lhis erosion potential result might be very helpful in
idemtifying areas for the conservation and thus keeping erosion wilhin toferzble limits.

The erosion resuh map was compared with the slope and elevation map following the
same way which was adopted in case of land cover map. Slope map were classified
imo 9 classes and elevation map into 5 classes at iregular interval. Arcas of three
types of erosion potentiality (low, medium and high) were calculated under each slope
and elevation class. Finally following result were found (Figure 6.7, 6.8).

It was found thai ¢rosion potentiality increased as slope and clevation incressed. Very
high erosion potemtality was found in 40-82 degree slope category hut highest
medium erosion potentiality was found in $0-20 degree slope class. Subsianiial
medium and high erosion potential areas have found in 5-10 degree slope. So it can be
conchrded thai erosion potentiality is high at slope »= 5 degree. Large proportion of
Low erosinn potentiality was found under (-5 degree slope.
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Figure 6.7: Polentin] erosion by slope.

Very high erosion potentielity found in >500m elevation class. Highest medium
erosion potenialiy found in 250-500m class.
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Figure 6.8: Potemial erosion by elevation,
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Substantial medium and high erosion potentizal areas have found in 100-250m
elevation. S0 here the botiom hne is erosion potentiality is high at elevation >= 100m.

Large proportion of low erosion potentiality was found under 100m elevation,

This is a schematic model to ideniify erosion potential arcas. If considerable amount
of field measurements of erosion were taken then it might be possible to calibrate the
mode] by setting up appropriate threshold value for the result of multiplied factor
" maps. This might be useful m analyzing the erosion potentialilty in dala scarce
situation and to gel an idea about the kocafion of erosion prone areas in the walcrshed.
Thus 1t would be useful for furher study of erusion in Kaptai watershed



Chapter Seven

Recommendation and Concluston
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Chapter Seven
Recommendation and Conclusion

in ihe beginning of this siudy the hypothesis was that “The vegetative cover has been
depleted in Kaplai watershed.” Afler analyzing two nominal years Landsat image it
was found (hat non forest area has mereased by 10.6%, forest low density decreased
by around 18.4% and high density forest increased by 7.9%. Overall forest coverage
has decreased by 10.6% which is really a high depletion over 20 year®s period. So the
hypothesis is proven to be true. This is an indication of low conservation practice in
the watershed.

Change analysis shows that better wvegetative situation exists in India than in
Bangladesh in 1980. Low density forest has decreased and non-vegetative/non forest
area has mereased substantially in both countries over last two decades (1980-2000),
Total forest cover (low density, high density) has decreased substantially by 13% in
Bangladesh (from around 71% to 58%) while in India forest loss was only 7% (from
around 87% to 80%) over the 20 years time period. About 70% of watershed did not
have any change. Forest loss was 20% and gain 9% in the watershed over two decades

All these staistics say that vegetarion in Kaplai reservoir has decreased substantially.
Proportion of vegetation coverage in watershed under Bangladesh territory is stif
lower than the area under India. This is an indication of better foresi conservation or
management practice m India than in Bangladesh Governments of both countries
(parircularty Bangladesh) should concemirale more on forest management practices to
increase vegetative cover, 10 reduce erosion in Kapiai watershed. Inilially foresters
may concentrale on some arcas where depletion is high. As found in the study,
maximum vegetation loss was in the 50-100 m elevation range and in the 2-5 degree
slope range. These critical areas should be laken under consideration first for
manapemeni and conservalion praclice,

A simple model has been developed in this study Lo asscss Lhe potential erosion prone
areas in Kaplai watershed. This model was not calibraled, bul it can be done if the

governments lake such expensive sleps to measnre the erosion throughout the year
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and finally try to relate this with rainfall, soil, elevation, slope or slope length eic. The
model result shows that 45% of the area has low erosion risk while 17% has high
erosion rigk. The rest 36% falls inlo average erosion category. This is an indicution of
the area to bring under conservation in Kaplai watershed. High and aversge erosion
prone arens should be taken care of well, which may require intensification of
vegetation cover or change in species. This may need further sludy in depth that was
nol possible 1o accomplish with the miled time and rescurce in the current study.
Anyway, the results of this study might be useful if it is cross checked in the field and
calibrated accordingly.

The schematic modeling 100l developed in (his study might be useful in analyzing the
erosion polentiality in data scarce siluation to get an idea about the distribution of

€TCSION Prone areas,

Considermy the extent and understanding of the erosion problem of Kaptai watershed
the following sindies are suggested for in depth study of the problem.

a. Development of erosion parameters by finding out the relationship amoug
quaniity ol erosiow, rainfall, siope, elevation and soil.

b. Physical and socio-economic eHects of sedimentation in Kaptai reservoir.

¢. 'Why and how vegelation cover changes in Kaptai watershed? A historic socio-
ECONOTNIC PETSPECtive.

d. Assessment of the spatial distribition ol irrigated and rain fed agricultural
areas in Kaptai walershed.
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