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Foreword

Forest is a valuable renewable natural resource. It provides signilicant support forsustaining life on the earth surface by maintaining ecological balanc-e. It provides us withwood, food, fodder, medicines, recreational facilities and employment opportunity. Theforests are under heallz pressure today for many reasons. j"pi"tio., 
of vegetation in agiven geographical area below a minimum allowable value largely constraints the properregulatory functioning of the forests. In consequence, t"qrr"rr"y of cyclone, flood andland erosion hazards increases universally und -or" "o i" "..*id""n 

because oftwically difficult geographicar position. Thelefore, more efforts shluld be provided onthe better scientific management of the forest ecosystem on the sustaining yield basis.Bangladesh Space Research and Remote Sensing Organization (SPARRSO) feels proudfor undefiaking the project titled,,strengthenirrg Cupa"ity to Generate eualityInformation on Forest Resources: TCP/BGD/3001" in coltaboration with BangladeshForest Deparrment (BFD). No doubt it is a timely venture.

In Bangladesh the tlemand offuel and timber are increasing aaj, Uy aay to cater the needof increared population as well as enhanced developm"ni u",i ri i"". W" have very fewreliable information on forests and its environmeni CtoUutty ,Aiuti" ,nfor-u,ion o,forest and trce resoulccs is in dearth. From the imperative fclt need of data on ibrest and

:: ::.:**n FAO iniriated this progrartune as a support to National Forest Assessment
Q.{FA). I appreciate FAO for providing financial support to this i_po.t-t p.ug.u-ln".

A huge and new data base has been created on the forest and other lald uses ofBangladesh through this project. r hope the data set generatea through this project w,r beof immense use in Bangladesh, and also in Global Folrest Ass*";";;;;;;-rrr-".
I takc. the opportunity to convey my thanks to the project Diector Dr Jinnahtur Islamand other Scientists, Engineers and Technologists *a ulf 

"ofl"ug,_r".,r, a"*ro,o,their sincere efforts for completing successfully the project work.

Md. Nazmul Huda Khan, ndc
Chairman , SPARRSO
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List of Abbreviation and Acronyms

ACF Assistant Conservator ofForest

ARC,{nfo Name of a GIS Software

AVHRR Advanced Very High Resolution Radiometer

BDT Bargladesh Taka

BFD Bangladesh Forest Dspartnent

BTM Bangladesh Transverse Marcator projection system

CHT Chittagong Hill Tracts

DBH Diameter at Breast Height ( 1.3m)

ERDAS Name ofa Image Processing Software

LoA Letter ofAgreement

LUC Land Use Class

FCC Falls Coloru Composite

FAO Food and Agricultural Organization

GPS Global Positioning System
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GIS Geographic Information System
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NOAA National Oceanographic aud Space Administration

PC Personal Computers
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Remote Sensing Monitoring Component of the Project
Strengthening Capqcity to Generate Quality Information on Fotest Resources:

FAO Project TCP/BGD/3 00 I

Summary

In support of the objectives and activities of the project Shengthening Capacity to
Genelate Quality Information on Forest Resources: TCP/BGD/3001 of Bangladesh
Foresr Department (BFD), FAO signed a Remote Sensing Monitoring Component Project
separately with Bangladesh Space Research and Remote Sensing Organization
(SPARRSO) on 12 Feb, 2006. SPARRSO was responsible for the preparation of a
national over view map at 1: 1000 000 scale arrd a set of detailed Land use/ larld cover
map at 100 000 scale and train four technicians ofBFD for their capacity building ofstaff
and institution.

In view ofthe above, SPARRSO collected Landsat TM Imagery (2004-06) of bands 3 4 5
from FAO, distributed man power and responsibiliry managed computers and software.
Scientists exported the imagery to ERDAS imagine compatible format and stacked as
aggrcgated layer of 3 4 5, did geo-rectification by using the ERDAS Imagine software
with reference of 1997 Landsat TM geo-referenced mosaic of Bangladesh, constructed
mosaic of Bangladesh, carried out photo- interpretation and ground validation for
producing final vector layers, prepared Map Compositiofl and printed Land use/ Land
cover maps at 1: 1000 000 and 1: 100 000 scale.

The current remote sensing study defined the total forest cover of Bangladesh to
1.07601 million l\ (7. 30oA) of the total land which includes only Broad leaved forest
and plantation. Other Wooded Land (Wooded larld with shifting cultivation (fallow),
Shrubs and Swamp with shmb) covers 0.92 million ha (6.22Yo). The remaining land
cover is the Other land (Urban settlements, Rural settlements with tree cover +
Agriculture, Tea garden, Mango plantation, Highway and other artificial areas) that
covers 11.03 million ha (74.73%.) ar,d Inland Water (Haor & Baor, Lakes, River and
Ponds) covem 1.70 million ha (11.76Yo). The interpretation of land uses in the remote
sensing study was limited to a fewer number of land use classes than fleld inventory afld
thereforc the NFA final statistics on land use areas will employ statistics from'both
studies to 

-express 
the most detailed and cofiect situation of the land uses of Bangladesh

(Please refer to NFA report).

One hundred copies of National over Mew Maps and 5 national sets of Detailed La d
Use Maps.have been printed and supplied to BFD. The interim products like vector
layers, digital copies of the both map composition, 17 Landsat scenes have also been
handed over to BFD. Four Assistant Conservator of Forest (ACF) of BFD have been
lrained.in remote sensing and CIS lor six monlhs lor developing lhe capaciry burlding of
the staff and institution

The Land Use/ Land Cover (LUC) statistics as shown above is obtained fiom the attdbute
tables and the maps produced will be used as the supplement ofthe TCp project ofBFD.
More over, by this project we have understood ihe new land use 'ass-ociations of
Bangladesh including the actual forest cover for which there is controversies in the
counfy. Department of Agriculflre and Department of Fisheries can also use the data
and maps for Fish resource ard Water resource inventory of the country. SpARRSO can
use this data set for precise rice crop inventory as NOAA sarellite dara has a number o[
lrmrtauons in many Land use/ Land cover moniloring.



Remote Sensing Monitoring Component of the Project
Strengthening Capaciry, to Generate Quality Information on Fotest Resources:

FAO Proj e ct T CP/B GD/3 0 0 I

1. Introduction

A forcst is an area with a high density of fees. The forest ecosystem is defined by the
plants and animals that live there and how they intemct with each other and their physical
elvironment. Trees and other woody vegetation are the main types of plants found in
forest ecosystems. Tree arrd animal species vary depending on the type. The definition of
forest is somewhat differellt to that of the United Nations Food and Ag cultur€
Organization (FAO), which is'land with tree ctown cover of more thar l0%o and arca of
more than 0.5 ha. Trees should be able to reach a minimum height of 5 meters at
maturity'. Plant communities covering large areas of the globe provide carbon-sinl<,
oxygen-release, habitat, and soil-retention functions. Therefore, Earth,s forests colstitute
ooe ofthe most important aspects ofour biosphere.

Forest is a very valuable renewable natural resource and very important for the
humaniry It provides foundation for life on the earth surface through ecological balance.
They provide us with wood, food, fodder, medicines, recrejtional facilities and
empioyment opporfunjty. The forests are under much pressure today for many reasons.
Increasiog demands from the land based product and services often leads to the
conversion of forests into unsustainable land use. When the forest vegetation is lost by
deforestation, the forest can not work as a regulator of the environmeni and increases the
frequency of cyclone, flood and land erosion hazards universally and specially in
Bangladesh. Therefore, efforts should be undertake[ to the scientific management oi the
forest ecosystem on the sustaining yield basis. Remote sensing application can play an
important role in this regard.

In recent years, the demand of country and global level reliable information on the forest
and tree resources are on increase. In response of these demand FAO initiated a
pro_gra,m]ne to provide support to National Forest Assessment QrIFA).The programme
included developing a harmonized approach to NFA, information management and
support to policy impact analysis for national level decision making. It will introduce
countries to an altemative approach designed to generate cost effect-ive infomation on
forest and trees out side forests including all benefits, uses and users of the resources and
their management. Special attention was paid to monitor the changes of the forest and the
related. enviroDment. The programmne will also build national capacity and harmonize
method and classification system among the countries ofthe world.

In view of the above, FAO initiated a project Strengthening Capacity to Generate
Quality Information on Forest Resources:TCp/BGD/30"01 i; Bangladesh with
Bangladesh_Forest Department (BFD) in 2005. With the financial support from the FAO,
RFD started working on the vadous activities and objectives of the project. The main
objectives of this project were: a. Estimation of areis by forest types and Land Use



Classes by Ecological zones, b. Estimation of Volume/ ha and total standing Volume, c'

Estimation of Wo'ody Biomass above Ground, d. Estimation of Carbon Stock, e Dbh

Distribution, f. Study of Biodiversity, g. Comparison with the past results, h Uses of
."ro,r."". ,rith highlight of productive, protective and social functiofl of forest and trees,

i. Forest fire andloc-al population ftend & activities, j. Capacity Building of staff and

institr.ltron and k. Time and cost analysis.

For supporting the above objectives and activities FAO signed a Remote Sensing

ttlonitoring C-omponent Project with SPARRSO SPARRSO who was responsible for
the prepara:tion of^ national over view map at 1: 1000 000 scale and 5 natonal set of
Dediled map at 100 000 scale on 12 Feb, 2006. SPARRSO will also train four forest

officers from BFD for capacity building of staffand institution. SPARRSO carried out the

mapping work according to the fotlowing Letter of agreement (LoA).

2.0 About Letter ofAgreement (LoA)

2.1 Responsibility

According to the LoA SPARRSO wiU (l) interpret the land use/ land cover on satellite

imagery, 
-carry out ground truthing to validate the interpretation work and produce land

,r""iurrd cou". -upi, 121 f,rnalise and rqrroduce an up to date national land use/ land

cover map and, (3j provide support to the Forest Department in mapping component of
the projeci by strengthening capacity of BFD in remote sensing a.Ild GIS The duiation of
the work was 6 month starting ftom the date ofreceivi[g the Landsat imagery.

2.2 Final Report

SPARRSO shall submit to FAO Representative in Bangladesh a final report describing

the methodology fotlowed, the rcsource used, arld t}Ie results achieved in terms of (l)
capacity building and (2) new information sets of axeas of different land uses in the

country. The final report shatl be completed within 3 months after the completion of the
project.

2.3 Activity

(1) SPARRSO will, together with BFD and FAO create a legend for the land use map,
(2). SPARRSO will, together with BFD and FAO select a suitable satellite imagery, (3)
SPARRSO will, together with BFD and FAO acquire a selected set of high resolution
satellite imagery covering the entire country, (4) SPARRSO will, georectiry t}Ie Landsat
imagery with referetce to 199'1 Landsat mosaic prepared by SPARRSO, (5) SPARRSO
wilt, carry out digital interpretation ( l: 50 000 scale) of the whole set of the satellite
imagery to assess the coverage ofthe national land use and verifu the land uses by gound
truthing, (6) SPARRSO will prepare and deliver the printed copy of the National over
View Land Use Maps scale,l: 1000 000 ( 100 copies) and Detailed Land Use Maps, scale

1: 100 000, 5 national sets). This work should be included in the final report. If
SPARRSO do not have the facilities for printing these maps intemally, funding for this

l0



budget will be used for financing oxt€mal printirg,(?) BFD shall supply one se* of
topographic map to SPARRSO, (8) During the project period 4 techdcians from BFD
will participate in the interpretation of satellite imagery and the preparation of fioal
maps,(9) During the projeat SPARRSO will give adequate training and supervision o tte
technicians from BFD. This work should be included in the final report, (10) SPARRSO
will provide its facilities equipments and supplies to the project and its statr, (tl)
SPARRSO will responsible to provide necessary technical expertise to the project The
SPARRSO team member should be fixod and their names should be communicated wirt
BFD and (12) SPARRSO will deliver all products (final maps, processed and intetpreted
satellite imagery etc.) to BFD. Al1 materials should be delivered digitally. SPARRSo will
also get a set ofall sorts ofdata and out puts in the archive.

2.4 Outputs

A final report describing the methodology followed, the resource used, and the results
achieved in terms of capacity buildhg and new information sets on the area of differetrt
land uses in the country. The major outputs of the project ale (l) Adequately aod
suffrciently trained technicians of the BFD in the field of remote sensing and mapping
and (2) Pdnted copies of Natioual Over View Laod Use Maps scale, l: 1000 000 ( 100

copies) and Detailed Land Use Maps, scale 1: 100 000 (5 uational sets) and also digital
maps.

The land use map shall have well delined vector delineation of land use polygons with
corresponding land use codes. The processed satellite imagery should be used as

background image.

2.5 Budget

SL
N()

tems Untl Quantity Unlt co3t
uss

Total Cot
uss '

1. Acquisition of imagery Unit l3 700 9 100

2 Interpretation orSat. Imagery
RS and MaoDins ExDert

M/M 4 I OOO 4 oul

4. Technicians specialized in
interpretation of Satellite

M/M 11 400 4 400

5. Support to inte.pretatiotr
checkhg in the fietd

M/M 2 2000 4 000

6. Use of facilities and supplies
for III6D DroductioD

LS 2 000

6. Over head cost t4isc. LS 1 500

7 Total 25 000
8 Total BDT 16 37 500

Table 1. Table showing the budget of the project

If FAO provides the satellite imagery, Eentioned in the budget, to tlle project amoutrt of
Ta&a 16 37 500 should be reduced accordingly to FAO'S actual cost for this procurement.
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3.0 Objectiyes ofthe study

SPARRSO will (1) interpret the land use/ land cover on satellite imagery, carry out
ground truthing to validate the interpretation work and produce land use/land cover map,
(2) finalise and reproduce an up to date national lafld use/ land cover map, and (3)
provide support to the Forest Department in mapping component of the project by
strengthening the capacity of the BFD in remote sensing. However, the specific
objectives ofthe Remote Sensing Monitoring Componeot ofthe project are:

t Prepaxation of a National Over View Map of Bangladesh at l: 1000 000 scale
showing the Forest and other land uses/ Land cover using Laadsat imagery ( band
3 4 5): 100 copies,

* Preparation of detail lard use map ofBangladesh at l:
Forest and othet land uses/ land cover using Landsat
national set,

t Training of 4 ACF of BFD on Photogrammetry
interpretation and GIS, and

100 000 scale showing the
imagery Gand 3 4 5): 5

Remote Sensing, Photo-

.:. Presentation of a new national Land use/ Land cover statistics for planning and
development of the country

4.0 Preparation of Legend

A number of meetings were held among SPARRSO, FAO represettatives and BFD for
the preparation of legend of the proposed land use map of Bangladesh before and after
the initiation of the proj ect. At last conside ng the land use/cover types of Bangladesh
the following legend were selected for the preparation ofNational Over View Map at 1:
1000 000 scale and Detailed Land Use Map at I : I O0 000 scale.

t2



Legend

Lr[d Cover Clrsscs Code

Broad-leavcd forest
Hill forest
Sal forest
Mangf ove forest (saltwate.)
Bqmboo or mixed Bamboo/broad-leaved forest
Foresl pla tarion
Mangrove plantation
Rubber plantation

FH
FSa
FM
FB

PM
PR

Wooded land with shifting cultivation
(fallow)
Shrubs (or shnrbVtrees)
Swamp with shrub

Fa

Sh
Sw

Ultan settlgments
Rural settlemonts with tee cover +
Agriculture (amuat and pereonial crops)
Tea garden
Mango plantation
Ilighway and other a*ificial areas

SU
SRI/CAP

CPT
CPM
TIA

Ilaor & baor
Lakes
River
Ponds (large)

WIIB
WL
WR
WP

I

Tsble 2. Thbular stetement oftegend ofthe latrd use mrp

l3



5, Instrument Used in the Study

1. Large Screen PC
2. Arc,lnfo and Microsoft Offlce software
3. GPS receiver
4. Cameru (in the beginning ofthe project)
5. Transpofi
6. Laboratory facilitics

6.0 Purchase ofLandsat TM Imagery

In the begionirg ofthe project, SPARRSO scientists, FAO and BFD sat together once for
selecting the satellite imagery and the bands to be used for the Land use/ Land cover
study of Bangladesh in keeping harmony with the terms and condition of this FAO TCp
project. In the mecting it was decided to purchase the Landsat TM imagery (30 m) with
bands 3,4 and 5 keeping an eye with the budget and it was US. S 9100. With this budget
high resolution imagery was not possible to be purchased. Fifteen Landsat scenes cover
the country. We wanted to buy most recent picture of 2006. Unfortunately, even after
repeated searching we could not do it because they were not available in the Bangkok
Ground Station at that time. At last Fifteen scenes were collected which were of different
period extending from December, 2004 to March 2006. List and Specification of Satellite
data are given in table No. 3. FAO purchased these imagery in favour of SpARRSO for
many obvious reasons and the cost was deducted fiom the total budget. Landsat TM
imagery of 137/ 043 15 12 2OO4 has been shown in page 15.

Satellite Row Path Date of acquisition Bands
Landsat 5 TM 135 045 03-02-200s 34s

046 18-01-2005
136 043 13-02-2006

044 28-01-2006
04s t3-02-2006

137 042 3l-12-2004
041 t5-t2-2004
044 3t-t2-2004
045 05-03-2005

138 042 24-02-2005
043 07-01-200s
044 07-01-200s
045 07-01-2005

t39 442 t 5-02-2005
041 t 5-02-2005

Total 15 imagery

Table 3. List and Specilication of Satellite data

t4



Fig. l. Landsst TM image t37t}43 15 t2 2OO4
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7.0 Collectionoftopographic-maps

]opographlc maps are very important in survey and mapping the natural resources and
Land use/ Land cover using remote sensing and GIS. Thiy arE extremely used in ground
validation_of the remote sensing imagery BFD wanted to supply one national set of
topographic map prepared by Survey ofBangladesh (SOB). Unfortunatelv thev could not
supply them and we used lhem fiom the SpARRSO archive. We collicred plantation
maps and joumals fiom the Range Oflices and used them in the field.

8.0 Dislribution ofman power and responsibility

SPARRSO has a well tmined manpowq in remote sensing, photgrammetry, photo_
interpretation and GIS. In a meeting Chairman SpARRSd.selectid all together 32
scientists, engineers and technicians and were engaged in this atduous job. fiey were
divided in to fol-rr groups. Moreover persorurel engaged in administration and irnance
werc also a_ssociated with the project and pedormed their respective duties. List ofthe
manpower follows:

Dr Jinnatul Islam, PSO. Project Dircctor

1. Md. Raquib Azam, PSO. System,Manager
2. Ahmed Sayeed, PSO.

Team I
Meherun Nessa, PSO: Techaical Supervisor
Dr Mahamudur Rahman, SO: Team leader
Mizanur Rahman, S E: Member
Hashem Uddin SO: Member
Fazlul Hoque, JE: Member
Zebufllessa, Draft sman: Member
Md. Jaheer Iqbal, ACF, BFD

Team 2
Dr. Hafizur Rahman, SSO: Technicat Supervisor
A. Salam, SO: Team leader
Suraiya Begum SSO: Member
Afroza Nasrin, SSO: Member
S. M. Akhteruzzaman, AE: Member
Md. Abdul Bari, Tech-l: Member
Md. Liaquat Hoassain, SSA: Member
Md. Ali Haider Khan, ACF, BFD

Team 3
M. H. Sarker. SE: Technical Supervisor
Nur Hossain Sarifee SO: Team leader
Md. Abu Taleb, SO: Member
Md. Ziaul Islam, Field Assistant: Member
Sumangal Chakrna, AE: Member
Alhteruzzaman JE: Member

16



Sultana Razia, Draftsman: Member
Bilkis Rukhsara, ACF, BFD

Team 4

Dr M. A. Shahid, PSO: Technical Supervisor
Sukumar Dutta AE: Team leader
SM Humayun Kabir, SO: Member
Safiqul Islam, JE: Member
Md. Shaheb Ali, AE: Member
Abdullah Zahil SSA: Member
Shamima Begum Shewli, Research Of6cer, BFD

9.0 Management of computers and software

The system manager was asked to arrange the 12 Latge Screen pC equipped with
ERDAS Imagine and ARC/ Info soft wares. Each Team leaders were advised to use 3 pc
for his men associated with the project. They did accordingly. When any lrouble was
noticed the system manager used to mange it immediately. Dudng the photo-
interpretation and vector data management no problem was faced by the working groups.

10.0 Methodology

To achieve the result of the above objectives and for the preparation of maps at differcnt
scales SPARRSO collected Landsat TM Imagery of bands 3 4 5 Aom FAO, distributed
man power and responsibility, managed the computem and software, did geo_
rectification by using the ERDAS Imagine software with reference of 1997 Landsat TM
geo-referenced mosaic of Bangladesh, constructed the mosaic ofBangladesh, carried out
photo- interpretation and ground verification for prodpcing vectol layers. They prepared
Map Composition ard printed Land use/ Land cover maps at 1: 1000 0OO and 1: 100 000
scale. The detailed methodology as follows:

10.1 Export ofLandsat Imagery

We needed t7 Landsat scenes to cover Bangladesh. The Landsat Imagery bought from
Bangkok were exported to ERDAS Imagine compatible format and stacked as aggregated
layer of bands 3 4 5 by using ERDAS Imagine software . This is the first step of
processing of remote sensing data for image interpretation.

l7



10.2 Geo-rectiffcation of L.ndsrt Imagery

Geo- rectihcation is a process by which each and every point of the earth surface on the
imagery could be linked with a real wotld coordinate system. Without geo_ rectrfication
mosaic could not be made and also vector layers could not be created. After completion
of this process we can understand the geographic location ofeach point on the rmagery in
degree, minute and second (Latl Long). SPARRSO,S Georectified Landsat mosaic (1997)
has been used as the reference image for geo rectification of new Landsat Imagery Geo
rectification of the LaDdsat Imagery was carried out by using the ERDAS Imagine
software. Ground Control points (GCp) of easily identifiable points fiom this mosaic
were tEnsferred digitally to the Landsat new frames independently and geo_ rectification
of each Landsat frame were performed with the help of specific command of the
software. No new GCp collected from the ground were i[corporated into the rectification
process. Aftel geo-rectification the 15 Landsat scenes were ready for producing a single
Landsat mosaic of Bangladesh.

10.3 Construction of Mosaic

A mosaic is arl assembly of aerial photographs or satellite imagery for achieving a
composite view of the terrain. It is prepared for bringing the whole area into a common
national scale for the preparation of map. In case of aerial photographs there are three
types of mosaics namely, uncontroled, semi-control and controlled mosaic. As the
question of tilt and relief displacement generally does IIot arise in case of satellite
imagery the mosaic we prepare from satellite imagery is the contolled mosaic and is
prepared after the radiometric and geometric correction.

Fifteen Landsat imagery coveted the whole axea of Bangladesh. The geo_rectified
Landsat imagery were laid down side by side. They were stitched together digitally with
the help of the ERDAS Imagine software for creating a composite iiew of Bangladesh
with a common national scale. Much toual variation was noticed between the adjaccnt
image ofthe mosaic because of the multi-date Landsat imagery of the mosaic. The tonal
mismatch were prominent in the districts ofBogra, Chittagongand Chittagong Hill Tract(CHT). Subsequently efforts were made to correct the tonal variation a number of time
and fourth genemtion mosaic was finalized with still some negligible variation and error
The colour Mosaic ofBangladesh prepared from Landsat TM imagery 2006 is shown in

the next page.

l8



Fig. 2. The Colour Mosaic of Bangladesh prepared from Landsat TM imagery, 2006
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10.4 Photo-interpretation and Generatio[ of Vector layers

Image interptetation deals with the examination of photog.aphic images for the purpose
of identification of the objects and deducing their significance. It also assumes the
activiry of the observer who studies the photogaphs with some preliminary knowledge.

the study of image of different photographic objects and deduction of their significance
is usually called image interpretation. Image interpretation is done for the preparation of
map according to the legend prepared earlier

False colour composites (FCC) were prepared using the La.ndsat TM bands 3 4 5 for the
visual interpretation in the pC using the ERDAS Imagine software. The visual
interpretation ofdifferent land uses was carried out on the screen digitally considering the
tone, texure, pattem, size, shape, shadow and colour of forests and other land uses of
Baogladesh. According to the legend t4 digital vector layers were gererated by image
interpretation. First generation mosaic was used for ihe image interpretation and
generation of vector layers. The mosaic was supplied to the four tgam leaders. They
divided the mosaic ioto four parts. Each part was interpreted by separate team and the 14
vector layerc were generated.

10.5 GrourdVerification

The_ interpretation results and the primary vector layers obtained from the tbrest and other
Iand uses were verified in the field throughout Bangladesh. The crew visited the fieldwith interpreted imagery on which the vector rayeis weie marked. The mismatched
bouldaries were corrected by walking along the lield boundaries. They used tansport,
GPS handset, measuring scale, measuring tapes etc. in the field for correcting the primary
land use boundary layers. After retuming from the fierd necessary correction were madein the vector layers and they were finalized in the pc. Now these are ready for data
management for generating individual vector layers for each land uses. Two pictures from
the field are shown in page number 2l ard 22.

10.6 Data Management for Getrerating Vector Layers

As soon as the field verification was completed, the vector layers were corected in thePC. Then all the layers were processed by usiug Build, Clean, Update, Append etc.
command using ARC/Info software. In the processed vector layei we can have attributedata. Then we add code in the attribute data files for iaentifying larrO use classesindividually. After that we created a composite polygon layer which conrain all thepolygon. These composite layers were used for map composition. From the attribute
tables areas and number of polygons were derived *d ...bs"qo"ntly the total areas of
various larld uses have been found out.
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Fig.3. A panoramic view of Kat tuli Mangrove Plantation (1990) with Keora
(Soneratia appetala). Av. St ht is 35 ft : No, ha is 15000 : Av dbh is 6 inch
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Fig. 4. Natural Views of Teak Forest at Dulhazra, Cox's Bazar Forest Division
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10.7 Preparation of Map Cotnposition

Two gDes of map composition were prepared. One for National over View Map at l:
1000 000 scale and the second one is the detailed land use map at I : I0O 0OO scale. The
Map Composition menu of the ERDAS Imagine software was displayed in the pC. The
mosaic of Bangladesh was displayed on the Map Frame as background layers. Then all
the combined polygon for forest, water body, river, road, plartation etc. were displayed
one by o[e on the mosaic. Then the individual land use was assigoed for differcnt colour.
The legend prepared early was put on the right side ofthe map frame. A bar scale has also
shown on the map. The map title was placed at the top of the map. The Geographic
Larlong coordinate system was chosen for placing the latitude and longitude in degree,
minute and second out side map boundary- Necessary footnotes were given in a suitable
place. Finally the Map Composition was mn by giving specific commard for it. Now the
map is ready for printing. Bangladesh Transverse Marcator (BTM) projection system has
been used in the Map Composition. The specification is as follows:

Projection: Bangladesh Transverse Marcator (BTM)
Unit: Meter
Spheroid: Everest
Datum: India (Bangtadesh)
Latitude oforiginal Projection: 0 0O 0O N (equator)
Longitude Cental Meridian: 90 O0 oOE
Scale Factor of Central Meridian: O.9996
False Easting: 500 000 meter
False Northing: -2 000 000 meter.

11.0 Printing of Maps

Test prints of both types of map were made from out side SPARRSO. SPPARRSO
scientists sat together for necessary corection on the map print and they suggested some
corection. Accordingly the corrections were installed on the map. Then SpARRSO sat
with the BFD and the locat consulrant of FAO to elucidate suggestion if there were any.
BFD and FAO proposed some omamental renovation ana we aia them accordingly.
Finally Dan o. Altrell , carlo p. consolacion. and Ruhur Mohaiman chowdhurv calred
us in a meeting at BFD over the map fiqalization. We responded and it was decided that
the FAO team witl visit SPARRSO to see the map composition on the screen. The next
working day the FAO team visited SpARRSO and sat before the pC screen and made
some alteration and advised to go on with printing if BFD agrees. BFD accepted the
proposal

In the first phase two hun&ed copies of National over View map at l:1000 OO0 scale
were printed on 100 gsm glossy paper from out side SPARRS6 as the SpARRSO,s
printer had some problem. We printed 5 national set (295 copies) Detailed Land Use Map
fiom out side SPARRSO. These will be handed over to BFD. Two pictures of National
overview map and detailed map are shown in the next pages.
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Fig. 5. A Picture of National Over View Map

24



Fo€sl and Olh6r Land6e Asseia{,ons Map ot Banghd6sh

Fig. 6. A Picture ofone she€t of Detail Land Use Map
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12.0 Result ofLand use Analysis

Individual areas of different land uses were collected fiom the attribute tables of the

concemed land uses. It is found that Broad Leaved Forest (Hill forest, Sal forest,
Mangrove forest, Bamboo or mixed bamboo/broad-leaved forest mangrove and rubber
plantation) covers 1.08 mitlion ha (7.290/.), Othe'r Wooded Land (Wooded land with
shifting cultivation (fallow), Shrubs and Swamp with shrub) covers 0.92 million ha
(6.22yo), Othet Land (Urban settlements, Rural settlements with tlee cover + Agriculture,
Tea garden, Mango plantation, Highway and other artihcial areas) covers 11.03 million
ha ('74.'13"/.) and Inland Water (Haor & Baor, Lakes, fuver and Ponds) 1.70 million ha
(1 1.76%). These are given below in a tabular statemert in the n€xt page (Table. 2). It is
evident from the study that Bangladesh has almost equal area of water bodies as that of
forest lands.

13.0 Traidng of 4 officials ftotl BFD

Four officials from the BFD namely Md. Jaheer Iqbal, ACF Md. Ali Haider Klan, ACF
Ms. Bilkis Rukhsana, ACF and Ms. Shamima Begum Shewly, Research Officer were
deputed to SPARRSO for training in remote sensing and GIS during the course of the
project period. They will also hetp the SPARRSO scientists in the forest image
interpretation with their field experience. They were fained in arial photogmmmetry,
geometdc and radiometric correction of Satellite imagery, image regishation, geo-
rectification of Landsat imagery, mosaic construction, satellite image i terpretation,
preparation of vector layers and their correction, ground verification and map
composition. They were also trained in theory and practice for whole of the six month.
Now they are able to do this tlpe ofmapping work by themselves.
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Land Cover Classes Code
Area

(mi[ior ha)

Forest 7.29

BroadJeared forest
Hill forest
Sal forest
Mangrove forcst (saltwater)
Bamboo or mixed Bamboofuroad-
leaved forcst
Forcst plq.ntatio
Mangrove plantation
Rubber plantation

FH
FSa
FM
FB

PM
PR

0.559280
0.033t97
0.4t'7367
o.009326

0.o47 585
0.009255

3.',79

0.22
2.83
0.06

0.32
0.06

622

Wooded land with shifting
cultivation (fallow)
Shrubs (or shrubs/trees)
Swamp with shrub

Fa

Sh
Sw

0.098813

o.'795208
o.023428

5.39

0.6'7

0.16

Other LaEd 14-13

Urban settlements
Rural settlements with tree cover +
Agriculture (annual and
perennial crops)
Tea garden
Mango plantation
Highway and other artificial areas

SU
SRT/CAP

CPT
CPM
HA

0.085651
10.864240

0.0596',72
0.018433

0.60
'73 62

0.40
o.t2

Inhnd lveter l -735548 11.76

Haor & baor
Lakes
River
Ponds (large)

WHB
WL
WR
WP

0.600817
0.041107
1.032381
0.061243

4.07
0.28
7.00
0.45

TotaI t4:157

Statistics on Forest & Other Land Cover ofBangladesh derived through a remote
sensing surve)

(200s-06)

Table 4. Tat ular statement of area of forest and other land uses of Bangladesh
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14. Activity - wise progress of Work

Table. 5. Activity-wise progress report of the project

15.0 WoJks Completed

.:. Collection of Landsat Imagery for whole of the country from tiangkok in
collaboration with FAO,

+ Geo- Rectification and Geo- reference ofthe imagery with Reference to Landsat
imagery . t997 ,

., Construction ofMosaic and correction oftonal vfiiation,

.1. Preparation ofLegend according to various Land use.

,, Imageinterpretation,

.1. Field Verification,

i Preparation olVector Layers,

t Map Composition for National Over View and Detailed land use Map, and

.t Printing ofmaps.

sL.
No

1

Actkity/Items Status

Legend PreparatioD Lesen.l Landnse ela"ei{i^aii^n L-" t ---2. Selection of Landsat Tl4lmagery
confimed by FAO

sereqeo aod procured accordingly

3. Acquiring High Resolution SaL
magery

Done

4. Geo - Rectification ofLandsil
imagery

Done

5. (a).Interpretation of imagfrEildililE
classification and (b).crcurld we;fi .,1i^-

(ar. uomplered and reported to FD & FAO
(b)100% completed and reported

6. rrE iuanon aoo delrvery ofprr4ted Eap Printed and delivered
7. BFD will supply one sei Topograpffi

gep to SPARRSO
DrArq(su maps has been used

8 Participation of 4 FD Offrcers in the
intemretation work

.l rirf, (_lltloels participated the work

9. On Site Training and Supervision of
4 FD officers

Done

10. SPARRSO will provide its Facilities SI,ARRSO prcvided its facilities
11 Provide ofTech. ExDertise to rrroliZ?
12 Ery ot rnrerrm ano Ilnat products Delivered all the maps dE-'inGii lEdiffi
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16.0 Limitation of the Study

.i Delay of six month in procuring remote sensing imagery

* Forest types, vitlage/homestead, ponds and Rice crop field could flot be

discriminated precisely,

* Mosaic has been prepared by usiflg a mixtue of 2004' 2OO5 and 2006 imagery
Much time has been spent in matching inter-ftame imagery, however Temporal

variation could not be minimized much,

.1. Cover t pes could not be discriminated for statification of the forest,

.t About lOTo error has been incorporated in area estimatioo of forests which
cannot be corrected by merely Field survey without very high resolution remote

sensing imagery.

17.0 Delivery of interim and frnal products

SPARRSO has delivered 100 copies of Nationat Over View Map. 5 national sets of
Detailed land use map, 15 frame of Landsat imagery, and all interim product to BFD
and FAO immediately after completion of the work.

18. Conclusion

SPARRSO has prepared a national over view map at 1: 1000 000 scale and a detailed
Land use/ land cover map at 100 000 scale arld trained four ofhcials of BFD in remote
sensing and GIS for six months for their capacity building according to LoA with FAO.

For the accomplishment of the above work SPARRSO collected Landsat TM Imagery of
bands 3 4 5 from FAO and related maps and literatures, distributed man power and

responsibiliry managed computeG and software. Scientists exported imagery to ERDAS
imagine compatible fomat and stacked as aggregated layer of3 4 5, did geo- rectification
by using the ERDAS Imagine software, constructed mosaic of Bangladesh, carried out
photo- interpretation and ground vedflcation for producing vector layers, and Map
Composition. The remote sensing study found that Broad leaved forest and Plantation
cover 1.08 million ha ('7 .29yo), Othq Wooded Land covers 0.92 ll].illiorf, ha (6.220/.),

Other land covers 11.03 million ha (74.73Y.) and Inland Water cover 1.70 million ha
(11.76%). The prcsent study also reveals Bangtadesh has almost equal areas of water
bodies (-12%) as that of forest land. Statistics ou other land uses have also been given.
One hundred copies ofNational Overview Maps and 5 national sets ofDetailed Land Use

Maps have been printed and supplied to BFD with the interim products and 15 Landsat
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The Land Use/ Land Cover statistics will be used as the supplement of*re TCP project of
BFD. Department of Agricultue and Department of Fisheries can also use tie data and

maps for Fish resource and W'ater resource inventory of the country SPARRSO can use

this data set for precise rice crop inventory as NOAA satetlite data has a number of
limitations in other major Land use/ Land cover monitoring. We have deduced the new
areas of land use associations ofBangladesh with special emphasis to actual forest cover
for which there are controversies in the country. Despite limitation in the study this
document will provide country level reliable information on the forest and other land uses

ofBangladesh.

However, this study paves the way for further research to find out more accurate data. If
this study comes of use in generating further interests itr research that will be considered
as a success.

19. Recommendation

After the study the following recommendations appeared to be pertinent:

lnterpretation and digitization should not be staded before completion of mosalc
preparation,

Care should be taken in digitization so that duplicate polygons are not created.
All land use classes should be brought in a single layer so that there would not
have any missing or overlapping LUC,

Adjacent land uses should share a common boundary without any gap in
between. These boundary lines of LUCS either create overlaps or gaps;
coflsequently creates sliver polygons,

This kind of national inventory should be carried out using high resolution
picture. No Development Project works oI National Resowce inventory could be
done precisely without high resolution picture,

Measurement of area is an important determining factor in resource inventory
specially forest and rice crop inventory. In this type of resource inventory high
resolution picture should be used and follow the proper sampting design and
analysis for precision,

The area of forest and other land uses of Bangladesh as found from this study
will not be the same as those obtained by field sampling method used by FAO.

SPARRSO should use this land use/ Land cover data for improvement of
precision in rice crop inventory twice a year.

This study will pave the way of further study on natural resources inventory
using remote sensing and GIS.

'.'

*

+

!.'

.'

*

a

*

30



Profile of the Author

Dr. Jionahtul Islam is the Principal Scientific officer and Head of the Forestry ard

Envircnment Division of Bangladesh Space Research and Remote Sensing Organization

(SPARRSO). Dr. Jinnah had his Ph.D degree in the held of Forest Inventory using

Remote Sensing from Jahangimagar University, Bangladesh. He had his Postgraduate

Diploma in Forest Survey using Aerospace Remote Sensing from the International

Institute for Aerospace Remote Sensing and Earth Science, lTC, The Netherlands. He

obtained his certificates on GIS from the Environmental System Research Iostitute

(ESRI), Maryland and Califomia, USA. He studied on Tropical Deforestation and Global

Warming in the Intemational Institule for Geospatial Research and Remote Sensing

(IGRS), Eastem Michigan University, USA under Fulbright Scholarship Programme of
US State Department.

Dr. Jinnahtul Islam was bom in the village of Pirpara, Kagail under the district ofBogra,

Bangladesh on llth Ja[uary, 1952. He started his career as an Investigator in the Forest

Research Institute (FRI) Chittagong in (1977) ir nediate after having his M.Sc degree in
Physics (1977) with Hons. Then he joined SPARRSO in 1980 and started working on

Forest resource inventory, Land Use land Cover Changes, Environmental study, Global

Warming, Climate change: Mitigation and Adaptation, and Natural resource survey using

Aerospace Remote Sensing and GIS. He is a leading scientist of Bangladesh and is now

working on Tropical Deforestation and Global Warming. Dr. Jinnah has a number of
national and intemational publications in his credit and traveled worldwide for attending

a number of seminar, workshop and symposium related to forest and elrvironment.

D. Jinnahtul Islam

3l


