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Abstract Three recent time slices of Landsat satellite data have provided detailed information
on land cover change in the Mae Chaem catchment. These time slices acquired in August 1985,
February 1990 and February 1995 were analyzed with image processing technigues, including
image enhancement, image rectification and registration and image classification. Ancillary
data from vegetation maps, soil maps, a Digital Elevation Model (DEM), aerial photographs
and ground surveys were used to improve the accuracy of image classification. Land cover was
classified into six major types: Forest, Agricutture, Urban/Settlement, Bare land/Openland,
Water and Grassland/ Regrowth, Land cover change was determined by using GIS
functionalities. Between 1985 and 1995, forest areas have decreased by about 8%, while
grassland, agricultural fand and bareland have increased by 7%, 0.7 % and 0.6 % respectively.
These iand cover data are currently employed by the Integrated Water Resource Assessment
and Management' (TWRAM) project within an interdisciptinary framework. An output of the
IWRAM project is to construct a Decision Support System (DSS5) to enhance decision-making
by key stakeholders for natural resousce management in the upper Ping River basin,
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various hydrological processes taking place in
the watershed.

1. Imfroduction

Land cover is defined by Skole (1994, p. 15) as
"The physical attributes of a segment of the
‘Barth’s - surface; - including - biota; - soil
topography, and human features™.

- the three above mentioned time series Landsat
imagery and can be documented using image
processing techniques. The information on land

Land cover changes in the Mae Chaem cover change are useful for Thal agencies, such

catchment, upper Ping River basin of northern as the Department of Land Development

Thailand is caused by physical processes and/or
human activities {IGBP, 1997). These changes
have had an adverse effect on the environment,
and have resulted in the depletion/deterioration
of natural resources. The {and cover changes in
this catchment are much accelerated by shifting
cultivation and forest fire. Land use activities
are focused on farming of paddy rice, upland
rice and cash crops (e.g. sovbeansy. The
combination of shifting cultivation, topography
and the expansion of road networks has
increased the problem of soil  erosion
{Schreider, 1999}, which is much related 1o

{DLD), the Royal Project Foundation (RPF) and
the Royal Porestry Depariment (RFD}, which
are responsible for resource management and
planning.

The main objectives of this paper are (1) to
provide the statistics of the land cover from
analysis of three 1985-1990-1995 time slices of
Landsat data; {2) to explore the potential of
existing land cover data for deriving model
parameters and other input information in sub-
catchments used as case studies for developing a
decision support tools.

VIWRAM is 0 collaboration between a number of Thai and Australian agencies: Royal Project Foundation
of Thailand, Ausiralian Centre for [nternational Agricuitural Research; Department of Land Development;
Office of Highland Development, Australian National University; Royal Forestry Department; University
departments from Chiang Mai, Maejo and Kasetsart.
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2. Sources of data
2.1Processed remote sensing database

The International Centre  for
(ICRAF) provided the land cover datahase
this study. This data is the product of an IGRP.
START project which aimed to provide a hetrer
understanding of the stages, processes. as well
as the forces driving land - cover changes with a
focus on changes affecting forest cover, The
processed data consisted of one set of geocoded
Landsat-MSS  and  two  sels  of  geocoded
Landsat-TM (see Table 1)

Agro-Forestry

The data covers three sub- V»":{tlrﬂﬁé‘%‘ Mae
Chaem, Mae Khan, and Mae Klang of the Pug
Basin. These areas are parts of the
administrative district of Mae Chaermn, Samoeng,
Hang Dong, Mac Wang, and Chom Thong,
Chiang Mai Province, with an approximate iy
extent of 6,602 k' (Dietrich and Xuesen.
1999). The principal objective of HGBP-START
is to develop a d}-mm;@ model  for the
monitoring of landuse/landeover changes in
tropical forest areas as well as to apply this
model to predict future trends of landuse/iand
cover changes {up to 2000,

for

ioin the Ping 12

A Btudy Area

The Muae Chasm caichment  lies between
lattudes 1R 2790 z’\!' :md longitudes 95°.00°F

and 15 jocated about 100 km 1o the south-west of

L

g Mai Ciry [,i%lgU:‘ﬂ . The climaze is
influenced by neal monscon. The rotal
catchment area is approximately 3,600 sq.km,

g i sraphic maps at 1.5) 000G scale
The topography of the catchment is mzuﬂly

35% and greater,

particule castern edge. Forest is the
major cover which is characterized by
gvergreen, ine,  mix  decidurus and dry
di piei'ﬂm;“p The human setlement {mostly
Karen inhabitanis) occurs on small allavial flacs
(slope O 1o altiside 190-5300 m) and terraces

(slope 4 to 16%, altitnde 300-650 m.) along the

banks of the Chaem  river and s
tribuisries. The highest point occurs at the
sl of Dot Inthanon, the hizhest mouniain

in Thailand (approximately 2,700 m ASL). The
sler consuwmption s from the
{

main source of
Bae Chaem River that i
the center of the cutchment.
Iver at Ban Soots
ol the catchment,

s north - south down

It turns eastward 1o
near the bottom

Table 1: Processed Time series Landsar data E S il -
(1985, 1990 and 1995) I

Database s Path/Raw o Diate m— - 7 e
L Landsat MSS 1317047 2/8/85 o
2. Landsat-TM 1314047 1472790

3. Landsat-TM 31047 28/2/85 Sty el |

Seurce: IGBP, LUCC Final Report (1997)

2.2 Thematic and processed GIS Data
GIS database was developed from the 1:50.000
scale topographic maps, consisting of spatial
data, such as contours and the product of
contours {TIN), soil, road network and ete. The
Office of Highland Development (OHD) hased
in Chiang Mai provided streams and road
networks coverages of the catchment and sub-
catchments in Arc/Info export format. The
catchment boundary was used as a frame for
cutting/clipping the Mae Chaem catcment, The
streamns and roads were used for enhancing the
landcover information via overlays.

2

IGBP  stands  for  Ipternational Geosphere-
Biosphere; START stands for Global Change System
for Research and Training.  IGBP/START are
programines supported by GEF UNDP to swdy on
the documentation of landese and landeover ch hange
in South East Asian countries.
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4. Methods

4.1 The Digital Image Processing (131D

The land cover data for the Mae Chasm
catchiment were processed by applying DIP
{using the MERIDIAN system) on the three
available Landsat time slices The main
procedures include of Preprocessing, Image
Enhancement, Decision  and  Class eation,
Ground  Verification  and  Post-classification
(IGBP, 1597,



Preprocessing s usually performed al the start
of image processing, which includes radiometric
carrecticn and geometric  correction.  The
radiometric correction was performed to remove
the atmespheric effects from the raw data, so
that interpretation capabilities could be much
improved. Geometric correction was performed
to relate positions of pixels in the original data
to their true ground positions, Geometric
correction was firstly performed on the Landsat
T data acquired on 28 February 1995 by
registering to a Universal Transverse Mercator
(UTM) projection. The nearest neighbor
resampling which assigns the output pixel value
based on the values of the closest pixel in the
transformed image (Lillesand & Kiefer, 1994)
was chosen for a linear transformation. The
image data was resampled from 30x30-meter
pixel into 25 x 25-meter pixel size. This
rectified image was used as a reference image
for co-registering Landsat MSS (2/8/1985) and
Landsat TM (14/ 2/1990) by image-to-image
registration.

Image Enhancement technigoes {(ie. contrast
manipulation) were temporarily applied o
improve the visual appearance of the image.

Pixels in the raw image data were grouped into
land cover classes or “theme”, based on their

Geography, Chiang Mat University provided
faciiities for this task, as listed below:

- Download the data from the CD onto the hard
disk;

- Convert the geccoded Landsat data from PCI
EASIPACE format into ERDAS (LAN) format:
- Import the LAN data into ArcView/ Spatial
Analyst as an image;

- Convert the image data into grid data;

- Extract only the Mae Chaem data from the
grid data using Map Calculator in ArcView
(ESRI, 1996) GIS functions {required GIS data
lavers, Le, boundaries of the Mae Chaem
catchment and its five sub-catchments)

- Re-calculate the area of each land cover

category,
- Checking the accuracy using GIS and ground
SUEVEVYs;

- Produce the time series land cover maps.
charts and their attribute tables,

The above stages are computer intensive as
raster and grid images data was large (each
classified irnage data took up approximately 15
MB of disk space). The haadling of the
landcover data requires special storage media
such as ZIP disks and CD-rom. A high
Computer Processing Unit (CPU) is necessary
for a faster processing,

similarities  in  reflectance, through the
classification  procedure, The supervised
chassification was chosen, using the maximum
likelihood clussifier that classifies pixels into
classes via “Probability density functions”

_ (Richards, 1985). This classifier often yields

better result than using other classifiers, except
it is a computer intensive. The ancillary data
fram soil, vegetation and aerial photographs
were employed during the classification 1o
IMprove accuracy,

Ground  Verification was  conducted  using
subjective random sampling for checking the
accuracy of the classified land cover data, The
location of each sample point was coflected by
using the Global Posttioning System (GPS) and
ground  surveys. Post-classification  using
manual and GIS correction techniques wers
applied to the classified image after the ground
verification (Y1GBP, 1997),

4.2 Data conversion and derivation

Before the land cover data of the study area can
be obtained, much conversien has heen done on
the processed land cover data, using GIS
functionalities. The Northern Remote Sensing
and GIS Centre (NRGC), department of
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5. Application of land cover data in the
Maechaem catchment

The land cover data is currently employed by
TWRAM project.  For example, Schreider

{1999) has empioyed the landcover dala us one

of the indicators of potential soil erosion in the
Universal Soil Loss Equation (USLE). The
preliminary work on soil erosion has been
conducted in the Mae Pan sub- catchment.
Schreider suggests the use of land cover data as
one input among soil and topographic data to
derive erosion harzard map.

Department of Land Development (DLDY) uses
“average crop index” or “C” {factor from the
land cover data. The “C” factor has been used
as one varizhie in addition to rainfall erosivity
(R), slope Ifength (LS), soil erodibility (K) and
conservation practice (P) in developing the soil
erosion model, based on DL standard (Tansiri,
1889~ pers. Comm). DLD also uses the land
cover data with soil maps, land unit maps and
soil - suitability/capability maps  for  pelicy-
making on sustainable rescurces management in
the Mae Chaem catchment {Krisadatarn, 1999-
pers. comm).



Janekarnkij, Punvawadee and  Scoccimarro
{1999~ pers.comm) have considered the use of
the spatinl atiribules (¢ i bondari

from the landcover, for validating a F
Management  Unpt {E{T-' concepi.

represents Tiouise
homogeneous ypes m,mgi on similar

‘}"’{'x?iié'h{,.&

biophysical,  economic  and  socio-cu

attributes.  BMUs are central 10 8 o

catchment project  taking place 1n northom
te

Thatland (Walleer and Scoccimarrg, 1999

Suggestions on the development

cover data are: {1} use of aerial
approximately 515000 scale
mapping of land cove it
a high resolution of the smellie

ground survevs {or obiainn
information; and (3) integ
data with GIS data and
DEM for obtaining new and o
in the Mae Chaem czﬁ.uhm:;a‘xi,

6. Results and Discassion
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Figure 3: Land Cover Maps in the five Sub-catchments of Mae Chaem obtained from the analysis of
Landsat MSS data (2/8/1983), Landsat TM data {14/2/1990) and LandsatTM data (28/2/19935)

Table 2: Description of Land Cover Types in the Mae Chaem Catchment

Category Land Cover Type Identification / Description

I Forest Matural forest and reforestation. The main natural forest
types are Pine, Mixed Deciduous and Dipterocarps

2. Agricuiture Permanent or temporary agricultural areas. They mostly
cccur in the flat plains or lowlands, include active shifting
cultivation on the highlands,  Agricultural land includes
paddy field, upland rainfed frelds and cash crops,

3. Urban/Settlement built-up area, villages, man-made features along the river
banks

4. Bare Upland Field New cleared arca or prepared highland agricultural area.

3 Water MNatural and man-made reservoirs, moisture surfaces

f. Grass/ Regrowth Grassland and secondary growth that develops In
deteriorated forest or abandoned agricuitural area,
including young forest plantation (less than 5 years old)
and forest regeneration

Table 3: Land Cover statistics in 1985

Catchment Sub-catchment
Land Cover | Mae Chaem | Mae Lu | Mae pan | Mae Uam | Mae Yort, |Wat Chan
 types/1985

Forest 1361.81 2926 37.86 33.84 A}, 24 230.16
Agricultire 35.73 .93 2.00 284 1.91 3.43
Urban/Settlement .27 - - 102 .04 -

Bare Upland Field 20377 1.12 2.90 - 32,83 2.82
Water 342 - - - 1.02 .13
Crass/ Regrowth 238.13 .74 2.07 2.60 K10.99 5.30

Total area 384013 33.05 14,83 13.65 680.26 243.04

Table 4: Land Cover statistics in 1990

Catchment Case- study Sub-catchment
Land Cover Mac Chaem | Mae Lu | Mae Pan Mae Uam Mae Yort | Wat chan
tpes/ 1950

Forest 2964.2 27.87 36,51 30.87 517.45 195.88
Agriculture 54.43 1.46 2.64 3.49 3.38 5.17
Urban/Settiement 1.96 .03 0.04 0.0¢7 0.20 .18
Bare Upland Field 29984 1.64 3.88 3.62 48.48 3.90
Water 0.68 - .01 (.01 0.03 0.16
Grass /Regrowth 519.00 2.05 1.76 3.57 110.48 37.56

Totat 3340,13 33.05 44 .84 43 .63 680.25 243 05
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TFable 5: Land Cover statistics in 1995

Catchment Case-study Sub-catchments

Land Cover Mae Mae Lu | Mae Pan | Mae Uam Mae Yort Wt Chan

types/1995 Chaem
Forest 3042.68 28.20 36.59 31.18 333.38 210.41
Agriculture 61.75 .53 3.51 4.72 391 5.32
Urban/Settlement 2.67 0.64 0.07 (.08 (.28 0.21
Bare Upland Field 227.21 1.34 2.22 4.03 28.48 1.67
Water 0.72 0.00 .01 0 0.04 0.17
Grass /Regrowth 5305.10 1.95 2.4 3.63 113.93 24.99

Total 3859.61 33.05 44 84 3.64 H80.25 242,96
Table 6: Land cover change in the Mae Chaem catchment
Land cover types 1985-1990 1090-1995 1985-1995
By area By % Byarea | By % | Byarea By %

1. Forest -397.62 -10.35 ] +78.48 +2.03 ] -319.13 -8.37
2. Agriculture + 187 +(3.49 +7.32 009 +26.02 +0.68
3. Urban/Settlement +1.42 +i1.04 + 0.98 +(1.02 +2.4 +0.00
4. Bare Upland Field + 96.G7 +2.50 1 -72.63 -1.89 1 +23.44 +0.61
5. Water + (.26 +0.01 + 0.04 01 +0.30 +0.01
6. Grass/Regrowth +280.90 +7.31 - 139 -0.36 | + 26657 +6.95

N. B. + represents positive change (increase); - sent negative change {decrease
N.B.+ t tive change {increase); - represent negat hange {decrease)
Unit of measurement is in sg.km. for every table
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