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ABSTRACT

The objective of this study is to apply Geo-Informatics including Remote
Sensing (RS), Global Positioning System (GPS), and Geographic Information System
(GIS) integrated with mathematical model in order to calculate seasonal field water
balance, soil erosion, and flood risk area in Mae Chan watershed, Chiang Rai
province.

Field water balance assessment was based on landuse patterns in 2004 and law
of conservation that considered mass balance of rainfall, runoff, evapotranspiration,
and percolation. Soil erosion assessment was based on Universal Soil Loss Equation
(USLE). Flood risk area assessment was based on Potential Surface Analysis (PSA)
that considered rainfall, slope gradient in percent, soil drainage, density of streams,
and density of roads.

Field water balance and water shortage areas that need irrigation for cultivation
in the wet-season were 7,299.50 millimeters and 259.96 square kilometers
respectively. In the dry-season were -179,994.29 millimeters and 1195.08 square
kilometers respectively. Soil erosion was divided into 5 classes: very severe, severe,
moderate, slight, and very slight. In the wet-season, overall soil loss was 1,105,523.36
tones per hectare and areas of very severe, severe, moderate, slight, and very slight
soil loss level were 202.28, 245.59, 297.44, 115.97, and 335.06 square kilometers
respectively. In the dry-season were 369,294.13 tones per hectare and 28.84, 245.78,
234.23, 285.79, and 401.70 square kilometers respectively. Flood risk was divided
into 3 flood risk classes: high, moderate, and low. Areas of high, moderate, and low
flood risk classes in wet-season were 319.73, 130.74, and 224.39 square kilometers
respectively. In dry season were 210.29, 109.52, and 357.20 square kilometers
respectively.

Geo-Informatics and the results of this study are useful information for the Mae
Chan watershed management, Chiang Rai province and associated organizations.

KEY WORDS : GEO-INFORMATICS / MAE CHAN WATERSHED / CHIANG
RAI PROVINCE
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CHAPTER 1
INTRODUCTION

1.1 Background Justification

Water is natural resource in basin system. This resource is essential to human
lives because it is used in consuming, agriculture, industry, and business. In rapid
growth of socio-economic state, water resource and other resources have been
supplied to increasing requirements that led environments of basin to deterioration and
pollution problems. From recent water situation, urgent problems were short of water
use since water supply not equal to water demand and flooding according to over
storage and drainage capability.

In the past, watershed management in both overall watershed and irrigation
project were focused on water storage development. They were allocating water to
supply the water demands and reducing flood opportunity. However, in practice, they
had many limits in engineering and economic hence unexpected success. In recent
time, the approach has been changed. It has been focused on land managements for
adjusting water demand to equal with water supply, controlling soil stability, and
reducing flood damages. Integration of data and mathematic models are necessary for
this approach. Unfortunately available spatial data and attribute data are in various
formats or standards and lack of collecting or grouping. Besides, mathematics models
are complicated. They led real-time managements in each seasonal water situation to
difficulty. One of these resolution problems is information system that well-managed
data, both spatial data and attribute data, and well-cooperates with mathematics
models. This study is applying geo-informatics that consisted of remote sensing (RS),
geographic information system (GIS), and global positioning system (GPS) with
hydrologic model to develop geo-informatics for watershed management. Case study
is MAE CHAN watershed that sub-basin of MEKHONG basin in northern Thailand.
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1.2 Objectives

1. To identify the water balance, soil erosion, and flood risk procedures in
MAE CHAN watershed.
2. To apply and develop geo-informatics technology for MAE CHAN

watershed management.

1.3 Scope of study

1. Study area is MAE CHAN watershed in CHIANG RAI province.
Approximately area is 1,196 square kilometers. It is located in some parts of King
Amphoe MAE FA LUANG, Amphoe MAE CHAN, and Amphoe MUANG. The two
main rivers are MAE CHAN river and NAM KHAM river. Watershed feature is
parallel basin that could be divided into 2 parts and met at the end or bottom of river.
The flood risk may be occurred at the end of river.

-~

Figure 1.1 Study area: Topographic map of MAE CHAN watershed
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2. The development of Geo-Informatics for MAE CHAN watershed
management base on module Model Maker of software ERDAS IMAGINE 8.6.

3. The land use patterns in MAE CHAN watershed was classified using
satellite images with visual interpretation and computer assisted interpretation method.

4. The study of water balance in MAE CHAN watershed was applied base on
law of mass conservation for dry-season and wet-season assessment.

5. The study of soil erosion in MAE CHAN watershed was applied using
Universal Soil Loss Equation (USLE) for dry-season and wet-season assessment.

6. The study of flood risk in MAE CHAN watershed was applied using

Potential Surface Analysis (PSA) for dry-season and wet-season assessment.

1.4 Conceptual Framework

Law of mass Field water
conservation Geo-Informatics balagce
EniveErsaI :[S:oil MAE CHAN Erosion
0ssiEquation watershed potential
management
A
Weighting- Flood risk
i otential
Rating Method GIS Database of MAE P

CHAN watershed

Figure 1.2 Conceptual Framework
1.5 Expected Results
1. Information of water balance, soil erosion, and flood risk in MAE CHAN

watershed.
2. Geo-informatics for MAE CHAN watershed management.
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CHAPTER 2
LITERATURE REVIEWS

2.1 Watershed Management

Watershed management is land management that aim to get sufficiently water
quantity and quality, steady flow in river, not excess in wet season and not enough in
dry season including control stability of soil, reduce flood damage and effectively use

resource in watershed (17).

2.2 Water Cycle

The cycle of water may begin at the ocean where water evaporates into
atmospheric moisture, which later condenses and deposits in drops of rain falling into
land or water surface. While the greater portion of rainwater is lost through
evaporation, evapotranspiration and infiltration, the remaining will appear as runoff
flowing into the stream. However, those infiltrating into the ground will also slowly
flow into the stream but at a much lesser speed. Both runoffs will flow into the sea and

finally evaporate into atmospheric moisture to begin this never-ending cycle (10).

2.3 Field Water Balance

Water balance assessment in each field must know the values of water cycle

components. It can describe the relationship base on law of mass conservation as

equation (22).
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Change of water storage in soil = Inflow —Out flow

As= (P+I)— (R+D+ET)

When As = Change of water storage in soil
P = Precipitation
I = Irrigation
R = Runoff
D = Percolation
ET = Evapotranspiration

2.4 Precipitation

Precipitation is water that plants receive from atmosphere as rain or snow (22).
It can calculate by distribution of rainfall data from meteorological station in
watershed area as average rainfall in area. General methods of the distribution are

1. Arithmetic Mean is technique that calculates area precipitation using
the arithmetic mean of all the point or area measurements considered in the analysis
(8). It 1s suiting for plain area, area not over 200 square miles, and regular
meteorological station and rainfall distribution.

2. Thiessen polygon is a graphical technique which calculates station
weights based on the relative areas of each measurement station in the Thiessen
polygon network. The individual weights are multiplied by the station observation and
the values are summed to obtain the aerial average precipitation (8). It is suiteing for
lowland, area between 200 to 2000 square miles, and not regular meteorological
station and rainfall distribution.

3. Isohyetal Analysisis another graphical technique which involves
drawing estimated lines of equal rainfall over an area based on point measurements.
The magnitude and extent of the resultant rainfall areas of coverage are then
considered versus the area in question in order to estimate the aerial precipitation

value (8). It has most precise accuracy and suite for large area.
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2.5 Runoff

Runoff is excess water from infiltration rate that flow on soil surface (22). It
can calculate from SCSmethod - Runoff Curve Number (CN)that estimating total
runoff from land use, rainfall, and soil texture. The hypothesis of the SCS method is
that the ratios of the two actual to the two potential quantities are equal for total runoff

and absorbed water as shown in equation (12).

EeG

SERE=

a

From the continuity principle, it can be expressed as in equation

P=1,+F,+Q°
When F, = The additional amount of water absorbed after total runoff
begins, and may vary over time
g = The maximum amount of water that can be stored in or on the
ground surface
QY  =The amount of excess precipitation or direct runoff
P = The total depth of precipitation

| = The amount of rainfall that can fall on the land surface and be

a

completely absorbed without causing total runoff

the SCS method derives two equations based on continuity, or mass balance,
and the idea that the ratio betiween potential and actual should be equal fro total runoff

and absorbed water. The combination of these equation yields a relationship between

QY and P base on maximum storage and initial abstractions as follow (12)

_ (P_Ia)2

d e
Q C(P-1,+9)

By study of results from many small experimental watersheds, an empirical

relation was developing as expressed in equation (12)
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|, =0.2S
0 - (P-0.25)°
(P +0.89)

S value in equation is depended on soil characteristics and land use pattern of

cach area. These Curve Number (CN), range from O for highest storage potential

(extremely pervious surface with no total runoff) to 100 for no storage (completely
impervious surface with no storage or other losses). There are different sets of curve
numbers depending on the conditions of the soil preceding the analyzed time interval.
These preceding conditions are known as the antecedent moisture conditions (AMC).
Normal conditions require AMC II curve numbers that function is (12)

1000
&~ SEnll

For dry conditions (AMC I), the function of curve number is

=i D)
' 10-0.058CN,,

Conversely, for AMC III wet conditions the function of curve number is

| R228N
""" 10-0.13CN,

Table 2-1 Classification of antecedent moisture classes (AMC) for the SCS method of

rainfall abstraction

Total 5-day antecedent rainfall
AMC group
Dormant season Growing season
CN, AMCI <0.5 <1.4
CN,, AMCII 0.5-1.1 1.4-2.1
CN,, AMCIII >1.1 >2.1

Source: Teerasak Kittisiriwattanakul, 2002 (12)
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2.6 Percolation

Percolation is downward movement of water especially when soil is wet.

Percolation rate is depend on soil texture, soil preparation, water storage and ground

water

2.7 Evapotranspiration

Evapotranspiration is The combination of two separate processes whereby
water is lost on the one hand from the soil surface by evaporation and on the other
hand from the crop by transpiration is referred to as evapotranspiration (9).It was

calculated by Modified Penman equation as follow (19)

ET =Kl
When ET = Evapotranspiration
Kc = Crop coefficient
ETp = Potential evapotranspiration

2.8 Soil Erosion

2.8.1 Definition of soil erosion

Soil erosion occurs when soil is moved from one place to another
because of wind, or water. In sloping lands erosion is most frequently moved by water.
When rain hits the soil it loosens particles which are then swept downhill by runoff
water and deposited somewhere else where the water is absorbed, or interrupted. Soil
erosion results in the upper and more fertile layers of soil being removed from all or

parts of fields which are unprotected.
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The impact of soil erosion on environment is (14)
1. The impact on soil as a resource; Top soil will be lost which
will produce negative impact on farming and the structure of the soil.
2. Impact on the quality of environment; the eroded soil
produces sediment, shallows river bed. Causes negative impact on physical structure
of the soil and ecology of the aquatic animals which in turn reduces the number of

aquatic animals.

2.8.2 Soil erosion assessment

Wischmeier and Smith had been developed The Universal Soil Loss

Equation: USLE for soil erosion assessment in area as follows (18)
A =RKLSCP
When A = soil loss in tons per acre

R = Rainfall Erosivity Factor is the capability of the rainfall to cause
erosion which has been derived from rain-characteristics (6). The parameter is
calculated as follow (3)

R =38.5+0.358p
When R = Rainfall Erosivity Factor (millimeter)

p = Mean yearly rainfall (millimeter)

K= Soil Erodibility Factor is a number which reflects the liability of a
soil type to erosion (6). The parameter can be referenced from Land Development
Department or calculated by comparing of percent ratio of very fine silt, silt, organic
matter in percent, soil structure and soil permeability with Nomograph (as shown in
Figure 2-1).

L = Slope Length Factor is a ratio which compares the soil loss with
that from a field of specified length of 72.6 ft. (22.6 meters) (6). The parameter is
determined by comparing slope Length and slope gradient with Slope effect chart (as

shown in Figure 2-1) or calculating with equation as follows (21)
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L = (L)m Equation 3-8
22.13
When L = Slope length factor
A = Slope length (m.)
m = Power value was 0.5 when slope gradient > 5%

0.4 when slope gradient 3.5 — 4.5 %
0.3 when slope gradient 1-3%
0.2 when slope gradient < 1%

S = Slope Gradient Factor is a ratio which compares the soil loss with
that from a field of specified slope (9 percent) (6). . The parameter is determined by
comparing slope Length and slope gradient with Slope effect chart or calculating with

equation as follows (3)

S = (0.065 + 0.045s + 0.0065s2) Equation 3-10
When S = Slope length factor
] = Slope gradient in percent

C = Cropping Management Factor is a ratio which compares the soil
loss with that from a field under a standard treatment (cultivated bare fallow) (6). The
parameter can be referenced from Land Development Department or researches.

P = Conservation Practice Factor is a ratio which compares the soil loss
with that from, field with no conservation practice (6). The parameter can be

referenced from Land Development Department or researches.
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Erosion potential class

Soil loss quantity

(tones/ hectarel/ year)

Soil loss quantity

(tones/ rai year)

Very Slight <6.25 <2.00
Slight 6.25-31.25 2.01-5.00
Moderate 31.26-125.00 5.01-20.00
Severe 125.01-625.00 20.01-100.00
Very Severe >625.00 >100.00

Source: Jakchai Chumyjit, 2542 (18)

Figure 2-1 Nomograph

Source: Jakchai Chumyjit, 2542 (18)
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Figure 2-2 Slope effect chart
Source: Jakchai Chumyjit, 2542 (18)

2.9 Floods

2.9.1 Definition of flood

Flood is a natural and normal phenomenon. The condition of flood can
be ranged from flash flood to slowly risen flood while the long duration is depend on

storm and topographical conditions (13).

2.9.2 Causes of flood

In general, all floods are primarily due to surface runoff. Soils within
the watershed basin have their maximum capacity exceeded and water can no longer
infiltrate the soil and so flows over land. Floods may caused by intensive rainfall, the
melting of accumulated snow, or the melting of snow combined with rain. Floodplain
inundation is caused by a combination of river based flooding and localized
rainfall/runoff. Furthermore, river based flooding inundation the floodplain by either

backing flow up, or by overtopping levees and embankments (1)
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2.9.3 Risk area for flood

Risk area of flood can be observed from historic record of floods
together with the geographic characteristics. The Forest Research Center classified the
risk area for flood in Ta-pee watershed into 5 regions as follows (1)

1. Mudflow deposit risk area is found at the foot of the mountainous
area where mudflow, rocks and trees are transported and deposited

2. Flash flood risk area is found in the area next to the mudflow deposit
risk area where there are less mud flows. While rapid water runoff leave some mud
sediment.

3. Ponded risk area is the plain area found along the Ta-pee river and
Klong Phum Duang river which is not promptly drained into the sea

4. Frequent flood risk area is the plain area encountered with ponding
almost every year but not all year round or it may occur year after year especially
during the rainy season.

5. Wet area is low land area with detained water like ponds and a
coastline of mangrove forest. This kind of tidal flat is always influenced by daily ebb

and flow

2.10 Geo-Informatics

The geo-informatics is including 3 technologies as remote sensing (RS),
geographic information system (GIS), and global positioning system (GPS). Each
technology could define as follows (25)

2.10.1 Remote Sensing Technology

Remote sensing is the observation of the earth from distant vantage
points, usually by/from satellites or aircraft. Cameras mounted on these platforms
captured detailed pictures of the earth that reveal features not apparent to the naked
eye. Once captured, the image is passed on to analysts who interpret the data, extract

information, and use it to answer question. This information may be used to map
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forests, detect pollution, measure elevation, locate a diseased crop, and answer a

variety of other questions (11)

2.10.2 Geographic information system: GIS

GIS is a tool for analyzing spatial data, which information will be
linked together and stored. Its database consists of observations on spatially distributed
features or events, which are definable in space as point, line or polygon. Moreover, it

can easily bring to analyze any equation for best solution (13).

2.10.3 Global Positioning System: GPS

Global positioning system or GPS is initiated under the Navigation
satellites or NAVSTAR program, which consists of 24+ satellites. GPS uses the
geometric principle of triangulation to determine location on earth surface. The
distances are measured from satellites by means of radio signals with a very precise
time scale. A minimum of three perfect distance measurements from satellites is
theoretically required to determine an earth location in three dimensions. GPS is using
for various field studies. It is being used to optimize logging operations, forest fire
distribution areas, mapping habitats for a variety of animal species, and miniaturized
for using in radio collars for tracking animal movements, limnology and

oceanography, environmental quality, archeology and paleontology (11).

2.11 Related research

Jutarat Traipo (1977) was analyzing the relationship between land use change
and water balance in BUNG BORAPED, NAKHONSAWAN Province. The land use
was classified into 7 type forest area, urban and built-up area, paddy field, field crop
area, aquaculture area, water bodies, and idle land. The change of land use was
analyzed by using aerial photographs and land use maps from the Land Development
Department, recorded in 1978, 1983, 1991 and 2000. Water balance was analyzed

using data on rainfall, evaporation rate, surface runoff, seepage, water utilization for
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irrigation, water consumption and sedimentation, during the period of 1978-2000.
Multiple Regression Analysis, particularly the Stepwise method, was used for
statistical analysis. The results of this research indicated that water balance was
negatively correlated with forest area and idle land but positively correlated with urban
and built-up area, paddy field, field crop area, water bodies, and aquaculture area.
Stepwise analysis showed that water balance was highly related with aquaculture area
only. The results indicated that land use change surrounding BUNG BORAPED and
water balance of BUNG BORAPED depended on seasons and severe floods in some

years.

Wichai Songwadhana (1984) was studying yearly monthly and daily water
balance in various land use patterns at Sakaerat Environment Research Station,
NAKHON RATCHASIMA. Data in the study were actual evapotranspiration, rainfall,
runoff and percolation. From the outputs of this study, Dry dipterocarp forest was
greatest evapotranspiration, followed by dry evergreen forest, mixed land use and the

swidden area respectively.

Narong Trisuwan (1994) was studying water balance of Thailand in 30 years
period (1961-1990). This water balances were subtraction between rainfall and
potential evapotranspiration. The potential evapotranspiration was calculated by
equation of Thornth waite and metrological data of the metrological department.
Climate of CHIANG RAI Province was divided to 3 seasons: rainy (May to October),
winter (November to February), and summer (March to April). From the water balance
estimation, CHIANG RAI Province was drought in January to April and surplus in
June to October about 578.9 mm.. Flood may was in this time. And the cultivation

time was April to January.

Samarn Prakarnrut (1994) was studying water balance in soil by metrological
data in 1969-1995 from 18 stations. This study was determining the 3" week of May
to had soil saturated with 100 mm. But it was not right for all stations because the

difference of soil characteristic and climate conditions. The water balances were
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output of the subtraction between rainfall and potential evapotranspiration. The

outputs of this study were used for irrigation.

Jakchai Chumjit (1999) was applying GIS and USLE for the watershed
classification of NAM CHUEN bsain and compares the result with an existing
watershed classification. The watershed was divided into 5 soil loss classes. The soil
loss values of class 1, 2, 3, 4 and 5 were > 100, 20.01-100, 5.01-20, 2.01-5 and <2 ton/
rai/ year respectively. Comparing between this analysis and existing watershed classes,
the areas of classes 1, 2, 3 and 4 which were unchanged were 197544, 16392, 13403,

and 1529 rai respectively.

Teerasak Kittisiriwattnakul (2002) was studying forecasting of the total runoff
by applying the GIS and SCS Runoff Curve Number model and also to study and
apply the GIS in spatial data development of watershed parameters. Additionally it is
to validate accuracy of the application model by comparing it with HEC4 model and
observed data, the methodology used was to setup spatial data and non spatial data i.e.
contour, land use, soil, rainfall, and discharge data. These data were used to estimate
total runoff and other watershed parameters. Direct runoff was computed by SCS
Runoff Curve Number model. Baseflow was computed by single regression model
using correlation of baseflow and mean monthly precipitation. All data were stored
and processed in terms of GIS by ArcView 3.2a with Spatial analyst 2.0a and DNR
Hydrology extension. The final analysis the total runoff was 71.02 MCM in July 1995,
84.79 MCM in August 1995, 124.75 MCM in September 1995 and 58.59 MCM in
October 1995.

Department of Environmental Quality Promotion (2548) was utilizing Potential
Surface Analysis (PSA) for flood risk potential assessment in PATTANI watershed.
The factors of this study were precipitation, slope gradient, soil drainage, stream
density, and transportation density. The output was reclassified to 3 potential class:

high, moderate, and low and reported with tambon boundary.
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CHAPTER 3
MATERIALS AND METHODS

3.1 Materials

1. Hardware
- Personal computer: AMD Athlon Processor 1.11 GHz, 256 MB of
RAM, 40 GB Hard disk.
- GPS Receiver
- Digital Camera

Scanner

Printer

2. Software
- GIS software: ArcView GIS version 3.3 and ArcGIS version 8.3
- Image Analysis software: ERDAS IMAGINE version 8.6
3. Data
- Topographic maps scale 1:50000 of L7017 and L7018 series from
Royal Thai Survey Department
- Satellite Images LANDSAT-7 ETM+ path/row 130/46 recorded on 5
April 2002 and path/row 131/46 recorded on 23 February 2002 from Geo-Informatics
and Space Technology Development Agency (Public Organization)
- GIS database of CHIANG RAI Province scale1:50,000 from
Department of Environmental Quality Promotion
- Land Use of CHIANG RAI Province in 2000 from Royal Forest
Department
- Land Useof CHIANG RAI Province in 2000 from Land
Development Department
- MAE CHAN watershed boundary from Land Development
Department
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- Monthly rainfall data during 1981-2004 from weather stations of The
Meteorological Department that around MAE CHAN watershed: 303001 Chiang
Khong, 303002 Phan, 303004 Mae Sai, 303005 Mae Chan, 303006 Mae Suai, 303007
Thoeng, 303008 Chiang Saen, 303010 Kiu Thapyang Teak Forest, 303013 Mae Jan
Hilltribe Development, 303201 Chiang Rai, 303301 Chiang Rai Agromet.

3.2 Methods

3.2.1 Land use classification of MAE CHAN watershed using remote

sensing technology

The land use patterns of MAE CHAN watershed are classified using
both visual and computer assisted interpretation. The procedures are as follow.
1. Image preparation
This study was used satellite images Landsat-7 (ETM+)
path/row 130/46 recorded on 5 April 2002 and path/row 131/46 recorded on 23
February 2002. The quality was approved by Histogram Analysis. They were prepared
by radiometric correction, atmospheric correction, and geometric correction for strip
or noise reducing and geometric position acquisition. In general, radiometric
correction and atmospheric correction were already processed by source of image
(GISTDA). In the geometric correction of this study, the co-register by image-to-
image method was utilized. Map projection was Universal Transverse Mercator
(UTM) zone 47, Everest spheroid and Indian 1975 datum. Acceptable root mean
square error was not over 1.0 pixel (25 meters in real distance). Then, the study area
was subset from the mosaic images. Overall processes of the image preparation were

shown in Figure 3-1.
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Figure 3-1 Overall processes of the image preparation

2. Image enhancement and Nomenclature
Image enchantment was an addition process of image contrast
for easier interpretation. The enhancements of this study were false color composite
band 4-5-3 (R-G-B) and contrast stretching. Nomenclature was determination of
image classification frame. The nomenclature of this study was referencing from Land
Cover Classification System of Land Development Department in 1999.
4. Unsupervised classification
Unsupervised classification of this study was using ISODATA
clustering technique. The result was generated up to 21 clusters of differentiation and
checked by ground survey.
5. Supervised Classification
Supervised classification of this study was using maximum
likelihood classification. Training areas for the classification were sampled by ground
survey that was accidental sampling along the main roads. Each land use patterns had
training area not least than 3 areas. For avoiding bias, each training area was not least

than 30 pixels and distributed around study area.
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6. Post classification
Previous classifications were used only digital number (DN)
with statistic analysis for classifying group of data (land use pattern). Thus post
classification was correcting the results by additional data or technique. This study
was using Digital Elevation Model (DEM), Normalized Difference Vegetation Index
(NDVI), land use of Chiang rai province in 2000 from Royal Forest Department, land
use of CHIANG RAI Province in 2000 from Land Development Department, and
visual interpretation for correcting the result.
7. Classification Accuracy
Classification Accuracy was calculated by confusion matrix
accuracy method. That was comparing classification result with ground truth. Number
of check point was calculated by binomial probability theory (Equation 3-1). Then

correcting accuracy was not least than 80%.

4 »
N = m Equation 3-1
2
E

When N = Least number of checkpoints

p = Accurate probability of pixel

q~ =100-p

E = Acceptable error in percent

3.2.2 Water balance assessment in MAE CHAN watershed

In this procedure, it was applied geo-informatics for the water balance
assessment based on law of mass conservation (Equation 3-1) (22) to generated field
water balance assessment model. The assessment was not including irrigation because
it was variability and allocating to anywhere anytime. The model was generated by
Model Maker function of ERDAS IMAGINE version 8.6. This study was assessing in
monthly and then summarizing to dry season and wet season. Data for the assessment
were monthly rainfall, land use patterns, soil series, monthly potential
evapotranspiration, crop efficient, and daily percolation rate. Spatial data were in

raster format. Cell size was 25 meter that base on satellite Image LANDSAT-7 ETM+
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resolution. They were prepared by ArcView GIS version 3.3, ArcGIS version 8.3, and
ERDAS IMAGINE version 8.6.

Change of water storage in soil = Inflow —Out flow

As= (P)—(R+D+ET) Equation 3-1
When As = Change of water storage in soil
P = Monthly precipitation (mm.)
R = Monthly runoff (mm.)
D = Monthly percolation (mm.)
ET = Monthly evapotranspiration (mm.)

1. Monthly precipitation
Mean monthly precipitation was averaged by isohyetal analysis.
Mean monthly precipitation of weather stations of The Meteorological Department
was shown in Table A-1.
2. Monthly runoff
Monthly runoff was calculated following SCS method. This
study assumed antecedent moisture conditions (AMC) to normal conditions (AMC II

curve numbers) (Equation 3-2 and 3-3) (12).

25400
S=—--254 Equation 3-2
CN

1I

« (P-025)°
(P +0.8S)

Equation 3-3

When Qd = Direct runoff (mm.)

S = Potential maximum retention after runoff begins (mm.)

P = Monthly Precipitation (mm.)

CN,, was determined from relationship of land use and

Hydrologic soil group that depended on soil texture following the SCS method (Table
B-1, and B-3). But half of study area was slope complex that could not define soil
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texture. Thus this study was representing slope complex to soil series by relationship
of geology and soil according to the guide of soil resource specialist.
3. Monthly percolation
Percolation was determined from relationship of soil series,
texture classes and daily percolate rate that was referenced from previous study (Table
C-1). Then calculated to monthly percolate by multiplied by number day of month.
4. Monthly evapotranspiration

Monthly evapotranspiration was calculated by Modified

Penman equation (Equation 3-4) (10). Both K and monthly ET,, value were referenced

from previous study (Table D-1 and Table D-2).

ET = K xET, Equation 3-4
When ET = Evapotranspiration (mm.)
Ko = Crop coefficient
ET, = Monthly potential evapotranspiration (mm.)

3.2.3 Soil erosion assessment in MAE CHAN watershed

In this procedure was applied by Universal Soil Loss Equation (USLE)
(Equation 3-5) (3) to generated soil erosion assessment model. The model was
generated by Model Maker function of ERDAS IMAGINE version 8.6. This study was
assessing in monthly and then summarizing to dry season and wet season. Data for the
assessment were monthly rainfall, soil series, contours, and land use patterns. Spatial
data were in raster format. Cell size was 25 meter base on satellite Image LANDSAT-
7 ETM+ resolution. They were prepared by ArcView GIS version 3.3, ArcGIS version
8.3, and ERDAS IMAGINE version 8.6.
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A=RxKxLxSxCxP Equation 3-5
When A = Soil loss quantity per area
= Rainfall Erosivity Factor
= Soil Erodibility Factor
= Slope Length Factor
= Slope Gradient Factor

= Cropping Management Factor

U A » o R

= Conservation Practice Factor

1. Rainfall Erosivity Factor
Rainfall Erosivity Factor was calculated by EL Swaify’s
equation (Equation 3-6) (3). P in equation was mean monthly precipitation that was

averaged rainfall data by isohyetal analysis.

R =38.5+0.358p Equation 3-6
When R = Rainfall erosivity factor
p = Mean monthly precipitation (mm.)

2. Soil Erodibility Factor
Soil Erodibility Factor was determined from relationship of soil
series and soil erodibility factor that referenced from previous study (Table E-1).
3. Slope Length Factor
Slope Length Factor was calculated by Wischmeir and Smith’s
equation (Equation 3-7) (21). Slope length was calculated from slope gradient in
degree that derived from Digital Elevation Model (DEM) (equation 3-8). DEM was

created from digitized contours of 20-meter intervals.
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L= (L)m Equation 3-7
22.13
When L = Slope length factor
A = Slope length (m.)
m = power value was 0.5 when slope gradient > 5%

0.4 when slope gradient 3.5 — 4.5 %
0.3 when slope gradient 1-3%
0.2 when slope gradient < 1%

cellsize .
A= Equation 3-8
cos 0
When A = Slope length (m.)

Cell size = cell size of Digital Elevation Model (DEM) (m.)

0 = Slope gradient in degree

4. Slope Gradient Factor
Slope Length Factor was calculated by Wischmeir and Smith’s
equation (Equation 3-9) (3). Slope gradient in percent was derived from Digital

Elevation Model (DEM). DEM was created from digitized contours of 20-meter

intervals.
S = (0.065 + 0.045s + 0.006552) Equation 3-9
When S = Slope length factor
S = Slope gradient in percent

5. Cropping Management Factor
Cropping Management Factor was determined from relationship
of land use pattern and cropping management factor that referenced from previous
study (Table F-1).
6. Conservation Practice Factor
Conservation Practice Factor was determined from relationship
of land use pattern and conservation practice factor that referenced from previous

study (Table F-1).
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The result of this procedure was divided into 5 classes of potential

erosion as, very severe, severe, moderate, slight, and slightly following criteria of

Land Development Department (Table 3-1).

Table 3-1 Criteria of erosion potential

Erosion potential Erosion potential

Class .
(tones/hectare) (tones/rai)

Very slight <6.25 <2
Slight 6.25-31.25 2-5
Moderate 31.25-125 5-20
Severe 125-625 20-100
Very severe >625 >100

Source: Jakchai Chumyjit, 2542 (17)

3.2.4 Flood risk potential assessment

In this procedure was applied using Potential Surface Analysis (PSA) to
generated flood risk potential model. The model was generated by Model Maker
function of ERDAS IMAGINE version 8.6. This study was assessing in monthly and
then summarizing to dry season and wet season. Factors, weighting, and rating were
applied from Department of Environmental Quality Promotion work (15) (Table 3-2).
Flood risk potential was assessed by overlay analysis with equation 3-10 (24). Data for
the assessment were monthly rainfall, soil series, contours, stream routes, and
transportation routes. Spatial data were in raster format. Cell size was 25 meter base
on satellite Image LANDSAT-7 ETM+ resolution. They were prepared by ArcView
GIS version 3.3, ArcGIS version 8.3, and ERDAS IMAGINE version 8.6.

(S)=R,; xW)+ R, xW,)+..+(R_xW) Equation 3-10
When S = Potential or Suitability
R = Rating of each overlay factor
w = Weighting of each overlay factor

n = Number of overlay factor
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1. Precipitation factor
Mean monthly precipitation was averaged by isohyetal analysis.
The results were reclassified and assigned weighting-rating as shown in Table 3-2.
2. Slope gradient factor
Slope gradient was derived from Digital Elevation Model
(DEM) in percent. DEM was created from digitized contours of 20-meter intervals.
The results were reclassified and assigned weighting-rating as shown in Table 3-2.
3. Soil drainage factor
Soil drainage was determined from an association of soil series
and soil drainage that referenced from soil survey of CHIANG RAI Province (4). The
results were reclassified and assigned weighting-rating as shown in Table 3-2.
4. Stream density factor
Stream density was calculated by dividing stream length by
amphoe area and then comparing in percent. The results were reclassified and assigned
weighting-rating as shown in Table 3-2.
5. Transportation density factor
Transportation density was calculated by dividing transportation
length by Amphoe area and then comparing in percent. The results were reclassified

and assigned weighting-rating as shown in Table 3-2.

The result of this procedure was divided to 3 classes of flood risk
potential as high, moderate, and low using central tendency (Table 3-3) by reclassified
function of GIS software. Therefore, the area of steep or very steep (slope gradient >

30%) were masked out for being the limitation factor.
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Table 3-2 Factors, range, weighting, and rating of Flood risk potential assessment

Factor Range Rating | Weighting
Precipitation >112.445 mm. 4 5
112.445-223.565 mm. 3
223.565-334.685 mm. 2
334.685-450.000 mm. 1
Slope gradient <3 % 4 4
3-8% 3
8-16 % 2
>16 % 4
Soil drainage Poorly drained - Very poorly drained | 4 3
Somewhat poorly drained 3
Moderately well drained %)
Well drained — Very well drained 1
Stream density <25% - 2
25-50 % 3
50-75 % 2
>75 % 1
Transportation <25% 1 1
density 25-50 % 2
50-75 % 3
>75 % 4

Source: Statistic Analysis and Department of Environmental Quality Promotion,

2548 (15)

Table 3-3 Class of flood risk potential

Class Range

High < Mean - S.D/2.

Moderate > Mean — S.D/2. and < Mean + S.D/2.
Low > Mean + S.D/2.

Source: Statistic Analysis
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Land use classification of MAE CHAN watershed using remote sensing

technology

The satellite imageries of Landsat-7 (ETM+) path/row 130/46 recorded
on 5 April 2002 and path/row 131/46 recorded on 23 February 2002 were used to
identify land use patterns of MAE CHAN watershed.

Image enhancements were analyzed using false color composite band

4-5-3 (R-G-B) and contrast stretching. The result of the enhancement is shown in

Figure 4-1. The nomenclature that referenced from Land Cover Classification System

of Land Development Department in 1999 is shown in Table 4-1.

Table 4-1 Nomenclature of land use patterns in MAE CHAN watershed

No. Codes Land use patterns
1 A0100 Paddy Field
2 A0200 Field Crops
3 A0300 & A0400 Perennial and Orchards
4 A0600 Swidden cultivation
5 F0103 Hill Evergreen Forest
6 F0201 Mix Deciduous Forest
7 F5000 Disturbed Forest
8 M0200 & M0101 Wet land and Grass land
9 U0000 Urban and Build-up Land
10 WO0000 Water Body

Source: Land Cover Classification System of Land Development Department in 1999
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From ground survey in 25-29 October 2004, the associates of land use

patterns, photograph and false color composite band 4-5-3 (R-G-B) were concluded in
Table 4-2.

Table 4-2 Land use patterns and associated photograph and false color composite band

4-5-3 (R-G-B)

false color composite band

Orchards

No. Land use pattern photograph )
4-5-3 (R-G-B) image
1 Paddy Field
2 Field Crops
3 Perennial and

Swidden cultivation
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Table 4-2 Land use patterns and associated photograph and false color composite band
4-5-3 (R-G-B) (continued)

false color composite band

No. Land use pattern photograph )
4-5-3 (R-G-B) image

Hill Evergreen
Forest

Mix Deciduous
Forest

7 Disturbed Forest

Wet land and Grass
land

Urban and Build-up
Land
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Table 4-2 Land use patterns and associated photograph and false color composite band
4-5-3 (R-G-B) (continued)

No.

Land use pattern

photograph

false color composite band
4-5-3 (R-G-B) image

10

Water Body

Source: LANDSAT imageries analysis and ground survey

The land use classification of MAE CHAN watershed was using both visual

and automated interpretations. The accuracy of the classification result was 80.30 %

(as shown in Figure 4-2, Table 4-3 and Table 4-4 respectively)
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Table 4-3 Accuracy Analysis of land use classification of MAE CHAN watershed

Numbers of Checkpoint 66
Accurate classification 53
Miss classification 13
Percent of accuracy 80.30

Source: LANDSAT imageries analysis and ground survey

Table 4-4 Land use patterns of MAE CHAN watershed in 2004

Type Land use patterns Area (Square kilometers) | %
1 Paddy Field 253.440 21.18
2 Field Crops 6.990 0.58
3 Perennial and Orchards 11.132 0.93
4 Swidden cultivation 389.692 32.57
5 Hill Evergreen Forest 9.985 0.84
6 Mix Deciduous Forest 447.149 37.38
7 Disturbed Forest 46.779 391
8 Wet land and Grass land 2.874 0.24
9 Urban and Build-up Land 24.008 2.01
10 Water Body 4.311 0.36
Total 1196.360 100.0

Sources: LANDSAT imageries analysis and ground survey
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4.2 The model of field water balance assessment in MAE CHAN watershed

4.2.1 Precipitation

This parameter has been generated with GIS software as input of the
model of field water balance assessment and others. Mean monthly precipitation of
MAE CHAN watershed was calculated by interpolation to Raster together with
inverse Distance Weighted functions of Spatial Analyst extension and then

summarized them to dry season and wet season.

4.2.2 Runoff model

This model was calculated runoff using SCS method that assumed
antecedent moisture conditions (AMC) to normal conditions (AMC Il curve numbers).
The inputs were land use pattern, soil series, and precipitation. The output was put into
field water balance model to calculate field water balance. This study was utilized the
model to calculate monthly runoff of MAE CHAN watershed and then summarized

them to dry season and wet season. The model is shown in Figure 4-3.

4.2.3 Percolation

This parameter was generated with GIS software as input of the model
of water balance assessment in MAE CHAN watershed. The monthly percolation of
MAE CHAN watershed was calculated by multiplying daily percolation with number

of days within a month and then summarized them to dry season and wet season.
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Figure 4-3 Runoff model

Source: Model analysis

4.2.4 Evapotranspiration model

This model was calculated evapotranspiration as following Modified
Penman equation. The inputs were potential evaportranspiration and crop coefficient.
The output was put into field water balance model for calculated field water balance.
This study was utilized the model to calculate monthly evapotranspiration of MAE
CHAN watershed and then summarized them to dry season and wet season. The model

is shown in Figure 4-4.
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Figure 4-4 Evapotranspiration model

Source: Model analysis

4.2.5 Field water balance model

This model was calculated field water balance as following field water
balance equation that based on law of mass conservation. The inputs were initialized
on previous monthly water storage in soil, precipitation, runoff, percolation, and
evapotranspiration. This study was utilized the model to calculate monthly field water
balance of MAE CHAN watershed and then summarized them to dry season and wet

season. The model is shown in Figure 4-5.
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Figure 4-5 Field water balance model

Source: Model analysis

In dry season, the overall precipitation that represents the inflow value
IS 65240.04 mm. Meanwhile the outflow value which included runoff,
evapotranspiration, and percolation are 247316.01 mm. as shown in Figure 4-6. The
highest inflow was shown in April with the value of 24194.84 mm. The highest
outflow was shown in April with the value of 51761.22 mm. which was depending on
land use patterns. Thus, it could be assumed that some areas in watershed might take a
risk of water shortage or drought problem. Besides, in real situation, the balance was
decreasing from December to April. The problem has been solved by irrigation
activities, in general, except the area unable to employ the irrigation activities such as
hill and steep slope areas. The solution of this case was to changing land use pattern to
reducing evapotranspiration using soil and water conservation approaches.

In wet season, the overall precipitation that represents the inflow value
is 422731.20 mm. Meanwhile the outflow value which included runoff,

evapotranspiration, and percolation are 404942.35 mm. as shown in Figure 4-7. The
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highest inflow was shown in August with the value of 102982.12 mm. The highest

outflow was shown in August with the value of 83901.81 mm. which was depending

on land use patterns. Thus, it could be assumed that some areas in watershed might

take a risk of flooding problem. The water balance was increasing from May to

August.
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Figure 4-6 Inflow and Outflow in wet season of MAE CHAN watershed

Source: Model and spatial analysis
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Figure 4-7 Inflow and Outflow in dry season of MAE CHAN watershed

Source: Model and spatial analysis
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4.3 The model of soil erosion assessment in MAE CHAN watershed

4.3.1 Rainfall erosivity factor model

This model was calculated rainfall erosivity factor using EL Swaify’s
equation. The input was mean monthly precipitation. The output was put into the Soil
loss assessment model. This study was utilized the model to calculate monthly rainfall
erosivity factor of MAE CHAN watershed. The model and the results is shown in

Figure 4-8 .

R = 38.5+0.358p

rl_PROMPT_USER 385 n3_PROMPT_USER
Input raster: Precipitation Output raster: R-factor

Figure 4-8 Rainfall erosivity factor model

Source: Model analysis

4.3.2 Soil erodibility factor model

This model was determined soil erodibility factor using an association
of soil series and soil erodibility factor that referenced from previous study. The input
was soil series. The output was put into the soil loss assessment model. This study was
utilized the model to calculate soil erodibility factor of MAE CHAN watershed. The

model is shown in Figure 4-9
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Figure 4-9 Soil erodibility factor model

Source: Model analysis

4.3.3 Slope length factor model

This model was calculated slope length factor using Wischmeir and
Smith’s equation. The input was DEM. The output was put into the soil loss
assessment model. This study was utilized the model to calculate slope length factor of

MAE CHAN watershed. The model and the result are shown in Figure 4-10.
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Figure 4-10 Slope length factor model

Source: Model analysis
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4.3.4 Slope gradient factor model

This model was calculated slope gradient factor using Wischmeir and
Smith’s equation. The input was DEM. The output was put into the soil loss
assessment model. This study was utilized the model to calculate slope gradient factor
of MAE CHAN watershed. The model is shown in Figure 4-11.

S = (0.065 + 0.045s + 0.00655")

w_tin3kmpl_arid

PERCEMT SLOFE

Input raster: Deriving %slope
DEM

n3_memary

EITHER $n3_memary IF HE_temp 0065 +

RY_memory

Focal analysis for Output raster:
adjusting error S-factor

nS_Low Pass

Figure 4-11 Slope gradient factor model
Source: Model analysis

4.3.5 Cropping management factor model

This model was determined cropping management factor using an
association of land use pattern and cropping management factor that referenced from
previous study. The input was land use pattern. The output was put into the soil loss
assessment model. This study was utilized the model to calculate cropping
management factor of MAE CHAN watershed. The model is shown in Figure 4-12.

r1_PROMPT_USER CONDITIONAL n3_PROMPT_USER
Input raster: Associates of Output raster:
Land use Land use and C-factor C-factor

Figure 4-12 Cropping management factor model
Source: Model analysis
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4.3.5 Conservation practice factor model

This model was determined conservation practice factor using an
association of land use pattern and conservation practice factor that referenced from
previous study. The input was land use pattern. The output was put into the soil loss
assessment model. This study was utilized the model to calculate conservation practice
factor of MAE CHAN watershed. The model is shown in Figure 4-13.

nl_PROMPT_USER COMDITIOMAL n3_PROMPT_USER
Input raster: Associates of Output raster:
Land use Land use and P-factor P-factor

Figure 4-13 Conservation practice factor model
Source: Model analysis

4.3.6 Soil erosion assessment model

This model was assessed soil loss quantity using Universal Soil Loss
Equation (USLE). The inputs were rainfall erosivity factor, soil erodibility factor,
slope length factor, slope gradient factor, cropping management factor, and
conservation practice factor. This study was utilized the model to calculate monthly
soil loss quantity of MAE CHAN watershed and then summarized them to dry season
and wet season. The outputs were reclassified into 5 classes of erosion potential as
very severe, severe, moderate, slight, and slightly as following criteria from Land

Development Department by GIS software. The model is shown in Figure 4-14.
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Figure 4-14 Soil erosion assessment model

Source: Model analysis

In dry season, overall soil loss quantity was 396294.13 tones per
hectare as shown in Figure 4-15. The erosion potential area has been classified as very
severe (28.84 square kilometers), severe (245.78 square kilometers), moderate (234.23
square kilometers), slight (245.78 square kilometers), and very slight (28.84 square
kilometers) as shown in Figure 4-16. In wet season, overall soil loss quantity was
1,105,523.36 tones per hectare as shown in Figure 4-15. The erosion potential area
has been classified as very severe (202.28 square kilometers), severe (245.59 square
kilometers), moderate (297.44 square kilometers), slight (115.97 square kilometers),
and very slight (335.06 square kilometers) as shown in Figure 4-16. Difference of
quantity in dry season and wet season resulted from rainfall erosivity factor that
related to various rainfalls in the area. Wet season suited to cultivation but high
potential to soil erosion too. In addition, the cultivation on hill or steep slope areas that
mostly very severe potential should be considered the cultivation with the soil and

water conservation approaches.
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Figure 4-15 Overall soil loss quantity (tones/ha) in wet and dry season of MAE
CHAN watershed
Source: Model and spatial analysis
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Figure 4-16 Erosion potential area in wet and dry season of MAE CHAN watershed

Source: Model and spatial analysis
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4.4 The model of flood risk potential assessment in MAE CHAN watershed

4.4.1 Precipitation factor model

This model was reclassified and assigned rating to precipitation of
MAE CHAN watershed that generated with GIS software. The input was mean
monthly precipitation and the output was put into flood risk potential assessment

model. The model is shown in Figure 4-17.

n28_PROMPT_USER CONDITIONAL

Input raster Reclassifying
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r30_memaory

$n30_memory nB5_PROMPT_USER
Output raster

Weighting-Rating of
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Figure 4-17 Precipitation factor model

Source: Model analysis

4.4.2 Slope gradient factor model

This model was calculated slope gradient of MAE CHAN watershed in
percent by deriving DEM and then reclassified and assigned rating to the output. The
input was DEM and the output was put into flood risk potential assessment model. The
model is shown in Figure 4-18.
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Figure 4-18 Slope gradient factor model
Source: Model analysis

4.4.3 Soil drainage factor model

This model was determined soil drainage of MAE CHAN watershed
with an association of soil series and soil drainage and then reclassified and assigned
rating to the output. The input was soil series and the output was put into flood risk

potential assessment model. The model is shown in Figure 4-19.
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Figure 4-19 Soil drainage factor model

Source: Model analysis
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4.4.4 Stream density factor model

This model was reclassified and assigned rating to stream density of
MAE CHAN watershed that generated with GIS software. The input was stream
density and the output was put into flood risk potential assessment model. The model
is shown in Figure 4-20.
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Figure 4-20 Stream density factor model

Source: Model analysis

4.4.5 Transportation density factor model

This model was reclassified and assigned rating to transportation
density of MAE CHAN watershed that generated with GIS software. The input was
transportation density and the output was put into flood risk potential assessment

model. The model is shown in Figure 4-21.
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Figure 4-21 Transportation density factor model

Source: Model analysis

4.4.5 Flood risk potential assessment model

This model was assigned weighting to the factors of flood risk
potential assessment and calculated flood risk potential using Potential Surface
Analysis (PSA). The inputs were transportation density. This study was utilized the
model to calculate monthly flood risk potential of MAE CHAN watershed and then
summarized them to dry season and wet season. The outputs were reclassified into 3
classes of flood risk potential as high, moderate and low levels as following central
tendency and masked with steep or very steep area (slope gradient > 30%) by GIS

software. The models are shown in Figure 4-22.
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Figure 4-22 Flood risk potential assessment model

Source: Model analysis

In dry season, flood risk potential was not significantly occurred. The water
situation was due to shortage or drought aspects. In wet season, high potential of flood
risk was 319.73 square kilometers. They were mostly found in flood plain area of the
outlet of the river. Thus, these areas were not suit for any cultivations except paddy
field. Flood risk potential area in wet and dry season of MAE CHAN watershed is

shown in Figure 4-23
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Figure 4-23 Flood risk potential area in wet and dry season of MAE CHAN watershed

Source: Model and spatial analysis
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4.5 Integration of the 3 models for MAE CHAN watershed management

approach

The approach was depending on field water balance, soil erosion potential, and
flood risk potential of watershed area. Field water balance was utilized to determine
cropping pattern or land use pattern. Soil erosion potential and flood risk potential
were utilized to determine land management. This study has been employed the
overlay technique through these 3 models and determined the preliminary guidance for

MAE CHAN watershed management as shown in Table 4.5.

Table 4-5 Preliminary guidance for MAE CHAN watershed management

Situation or Potential Land management
Positive value of water balance - Beware of soil erosion and flood risk
Negative value of water balance - irrigation improvement

- adjusting cropping or land use pattern
for reducing water utilization or mulching

- Beware of drought

Very severe — severe erosion potential - Not suitable for cultivation.

- Intensive soil and water conservation

Moderately erosion potential - Simple soil and water conservation

Slightly — very slightly erosion potential | - Provide soil and water conservation

management if needed

High flood risk potential - Not suitable for cultivation and built-up
land

- Intensive flood damage reducing

measures

Moderate flood risk potential - Simple flood damage reducing
measures

Slight — very slight erosion potential - Soil and water conservation

management if needed

Source: Analysis
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The area for severe to very severe erosion potential superimposed with positive
value of water balance is 445.95 square kilometers (as shown in Figure 4-24). It
should be considered to propose an intensive soil and water conservation activities.
Meanwhile, the area for severe to very severe erosion potential superimposed with
negative value of water balance is 1.9 square kilometers which might be less
concerned for those activities. However, the suitable cultivation or land use patterns
covered the area are still important and needed. Most of those two areas are occurred
within the upper part of watershed. Therefore, the area of high risk of flooding
superimposed with positive value of water balance is 101.23 square kilometers (as
shown in Figure 4-25). It should be considered to provide intensive measures for
flooding control and prevention. Most of them are occurred within the lower part of

the watershed.
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Figure 4-24 Erosion potential and Water balance area of MAE CHAN watershed
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Figure 4-25 Flood risk potential and Water balance area of MAE CHAN watershed

Source: Model and spatial analysis
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CHAPTER 5
CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

The objective of this study is to apply Geo-Informatics including Remote
Sensing (RS), Global Positioning System (GPS), and Geographic Information System
(GIS) integrated with mathematical model in order to calculate seasonal field water
balance, soil erosion, and flood risk area in MAE CHAN watershed, CHIANG RAI

Province.

Field water balance and water shortage areas that need irrigation for cultivation
in the wet-season were 7,299.50 millimeters and 259.96 square kilometers
respectively. In the dry-season were -179,994.29 millimeters and 1195.08 square

kilometers respectively

Soil erosion was divided into 5 classes as very severe, severe, moderate, slight,
and very slight. In the wet-season, overall soil loss was 1,105,523.36 tones per hectare
and areas of very severe, severe, moderate, slight, and very slight soil loss level were
202.28, 245.59, 297.44, 115.97, 335.06 square kilometers respectively. In the dry-
season were 369,294.13 tones per hectare and 28.84, 245.78, 234.23, 285.79, and

401.70 square kilometers respectively.

Flood risk was divided into 3 flood risk classes as high, moderate, and low.
Areas of high, moderate, and low flood risk classes in wet-season were 319.73,
130.74, and 224.39 square kilometers respectively. In dry-season were 210.29, 109.52,

and 357.20 square kilometers respectively.
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The area for severe to very severe, moderate, and slight to very slight erosion
potential superimposed with positive value of water balance is 445.9525, 29.11, and

200.03 square kilometers respectively.

The area for severe to very severe, moderate, and slight to very slight erosion
potential superimposed with negative value of water balance is 252.87, 8.9, and 1.9

square kilometers respectively.

The area of high, moderate, and low risk of flooding superimposed with
positive value of water balance is 101.23, 100.84, and 216.9 square kilometers

respectively.

Geo-Informaticsand the results of this study are useful information for the
MAE CHAN watershed management, CHIANG RAI Province and associated

organizations

5.2 Recommendations

Base upon an experience of this studies the recommendations are as follow.

High resolution of imagery (e.g., IKONOS, IRS, etc.) should be provided for
more detail of land cover classification that would be useful for the better result of the
models.

The model development of this study is based on Model Maker function of
ERDAS Imagine 8.6. This program is focusing on raster analysis that let to limited
ability in GIS data management. Thus, the results of the models have to display in
raster format. Besides, all of vector data format are converted to raster to input into the
Model Maker. Thus, the systematic error of data conversion is accumulated which
may affected to the manipulation. It may cause serious error in the result. However,
for the future study, the development model based on vector analysis should be

considered for better accuracy.
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The model of this study is generated with empirical equation. Many
parameters are not included. Thus the output is suitable only for small watershed
management or large scale. The future study may have to change or add the proper

equation for the better assessment.

The optimization techniques should be added in the further development for

optimization aspect, something like cropping pattern or water allocating schedule.
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PRECIPITATION

Table A-1 Mean monthly precipitation (mm.)

Station Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
303010 | 23.30 | 23.99 | 36.31 | 110.26 | 333.95 | 260.05 | 336.02 | 397.44 | 276.94 | 142.83 | 65.80 | 27.07
303013 | 23.43 | 26.33 | 44.33 | 114.41 | 286.35 | 244.23 | 343.47 | 405.97 | 238.00 | 100.33 | 70.18 | 25.00
303001 | 23.23 | 38.27 | 30.17 | 115.33 | 338.98 | 247.85 | 381.35 | 451.02 | 359.03 96.05 68.83 | 28.37
303002 | 9.20 | 24.25 | 22.95 | 109.24 | 251.15 | 130.25 | 200.10 | 257.83 | 264.78 | 114.13 | 64.60 | 17.38
303004 | 18.29 | 20.30 | 29.99 60.89 249.18 | 194.12 | 367.57 | 44580 | 259.78 | 123.56 | 59.18 4.74
303005 | 24.53 | 21.54 | 22.50 72.72 259.55 | 158,50 | 231.05 | 352.75 | 275.72 | 141.23 | 23.18 1.33
303006 9.73 16.03 | 28.87 74.35 170.95 | 118.93 | 165.13 | 217.45 | 196.17 71.45 46.90 | 12.10
303007 | 18.96 | 18.12 | 39.19 | 111.04 | 289.95 | 183.40 | 466.05 | 481.35 | 601.97 | 137.77 | 68.40 | 25.25
303008 | 17.01 | 20.49 | 29.92 | 102.72 | 302.93 | 193.60 | 296.12 | 429.78 | 253.37 | 121.62 | 19.34 | 16.04
303201 8.09 1451 | 23.83 93.66 208.70 | 17454 | 310.83 | 358.54 | 269.08 | 118.69 | 69.12 | 15.65
303301 | 23.93 | 25.99 | 44.78 | 7156 | 262.11 | 203.13 | 285.03 | 330.75 | 251.25 | 95.73 | 69.85 | 13.48

Source: The Meteorological Department

Remark: 303001 = Chiang Khong
303004 = Mae Sai,
303006 = Mae Suai
303008 = Chiang Saen
303013 = Mae Jan Hilltribe Development,
303301 = Chiang Rai Agromet.

303002 = Phan
303005 = Mae Chan

303007 = Thoeng

303010 = Kiu Thapyang Teak Forest
303201 = Chiang Rai,
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APPENDIX B
CURVE NUMBER AND HYDROLOGIC SOIL GROUP

Table B-1 Land use patterns and associated curve numbers

Curve Number by Hydrologic
r 4 Average % . ;i
Description . Soil Group Typical Land Uses
Impervious
A B C D
L ) ) Multi-family, Apartments, Condos,
Residential (High Density) 65 77 85 90 92 \
Trailer Parks
. i A Single-Family, Lot Size nto 1 acre
Residential (Med. Density) 30 57 72 81 86
IR . Single-Family, Lot Size 1 acre and
Residential (Low Density) 15 48 66 78 83
Greater
) Strip Commercial, Shopping Cirs,
Commercial 85 89 92 94 95 )
Convenience Stores
! Light Industrial, Schools, Prisons,
Industrial 72 81 88 91 93
Treatment Plants
Gravel Parking, Quarries, Land Under
Disturbed/Transitional 5 76 85 89 91
Development
. Cultivated Land, Row crops, Broadcast
Agricultural 5 67 7 83 87
Legumes
Parks, Golf Courses, Greenways, Grazed
Open Land - Good 5 39 61 74 80
Pasture
Meadow 5 30 58 71 78 Hay Fields, Tall Grass, Ungrazed Pasture
. Forest Litter and Brush adequately cover
Woods (Thick Cover) 5 30 55 70 77 i
Soi
. Light Woods, Woods-Grass
Woods (Thin Cover) 5 43 65 76 82 o
combination, Tree Farms
) Paved Parking, Shopping Malls, Major
Impervious 95 98 98 98 98
Roadways
Water 100 100 100 100 100 | Water Bodies, Lakes, Ponds, Wetlands

Source: Mary C. Halley P.E and et.al., 2005 (7)
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Hydrologic Soil
Group

Soil Group Characteristics

Soil Texture

A

Lowest runoff potential. Includes
deep sands with very little silt and
clay, also deep, rapidly permeable
loess.

sand, loamy sand, sandy loam

Moderately low runoff potential.
Mostly sandy soils less deep than A,
and loess less deep or less aggregated
than A, but the group as a whole has
above-average infiltration after
thorough wetting

silt loam, loam

Moderately high runoff potential.
Comprises shallow soils and soils
containing considerable clay and
colloids, though less than those of
group D. The group has below-
average infiltration after presaturation.

sandy clay loam

Highest runoff potential. Includes
mostly clays of high swelling percent,
but the group also includes some
shallow soils with nearly impermeable
subhorizons near the surface.

clay loam, silty clay loam, sandy clay,
silty clay, clay

Source: Biological Systems Engineering University of Wisconsin-Madison, 2005 (2)
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Table B-3 Soil series in MAE CHAN watershed and associated hydrologic soil group

o Soil Series -
Soil Series Texture group Texture subgroup | Hydrologic soil group
Symbol
Alluvial Soils poorly drained As-p Medium-textured soils Loam B
Alluvial Soils,undifferentiated As-u Medium-textured soils Silt loam B
Ban Chong, rolling phase Bg-C Fine-textured soils Clay Loam D
Ban Chong, undulating phase Bg-B Fine-textured soils Clay Loam D
Chiang Rai Cr Fine-textured soils Silty clay loam D
Chiang Saen, rolling phase Ce-C Fine-textured soils Clay D
Chiang Saen, undulating phase Ce-B Fine-textured soils Clay D
Colluvial and Alluvial Complex VC,AFC Medium-textured soils Silt loam B
Doi Pui, Chiang Sean, Map Bon, and - .
) ) . Fine-textured soils Clay Loam D

Nong Mot undifferentiated soils
Hang Dong overwash phase Hd-o Fine-textured soils Silty clay D
Hang Dong silty clay Hd-c Fine-textured soils Silty clay D
Hang Dong silty clay loam Hd-cl Fine-textured soils Silty clay loam D
Li, Banchong, and Pakchong . .

. . _ Fine-textured soils Clay Loam D
undifferentiated soils
Mae Sai Ms Fine-textured soils Silty clay loam D
Nong Mot, rolling phase Nm-C Medium-textured soils Loam B
Nong Mot, undulating phase Nm-B Medium-textured soils Loam B
Pakchong, Thap Kwang, and Muak Lek . .

. . ) Fine-textured soils Clay Loam D
undifferentiated soils
Phimai Pm Fine-textured soils Clay D
Tha Maung/Sanphaya association Tm/Sa Coarse-textured soils Sandy loam A
That Phanom ,neutral variant Tp-n Medium-textured soils Silt loam B

Source: Model specification
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APPENDIX C
PERCOLATION

Table C-1 Soil series in MAE CHAN watershed and associated daily percolation rate

£ oil 9 Soil Series TodNoup Daily percolation
Symbol rate (mm.)

Alluvial Soils poorly drained As-p Medium-textured soils 1.3
Alluvial Soils,undifferentiated As-u Medium-textured soils 13
Ban Chong, rolling phase Bg-C Fine-textured soils 0.8
Ban Chong, undulating phase Bg-B Fine-textured soils 0.8
Chiang Rai Cr Fine-textured soils 0.8
Chiang Saen, rolling phase Ce-C Fine-textured soils 0.8
Chiang Saen, undulating phase Ce-B Fine-textured soils 0.8
Colluvial and Alluvial Complex VC,AFC Medium-textured soils 13
Doi Pui, Chiang Sean, Map Bon, and Nong Mot undifferentiated . .

soils Fine-textured soils 0.8
Hang Dong overwash phase Hd-o Fine-textured soils 0.8
Hang Dong silty clay Hd-c Fine-textured soils 0.8
Hang Dong silty clay loam Hd-cl Fine-textured soils 0.8
Li, Banchong, and Pakchong undifferentiated soils Fine-textured soils 0.8
Mae Sai Ms Fine-textured soils 0.8
Nong Mot, rolling phase Nm-C Medium-textured soils 1.3
Nong Mot, undulating phase Nm-B Medium-textured soils 1.3
Pakchong, Thap Kwang, and Muak Lek undifferentiated soils Fine-textured soils 0.8
Phimai Pm Fine-textured soils 0.8
Tha Maung/Sanphaya association Tm/Sa Coarse-textured soils 2
That Phanom ,neutral variant Tp-n Medium-textured soils 1.3

Source: Model specification
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APPENDIX D
CROP COEFFICIENT
AND POTENTIAL EVAPOTRANSPIRATION

Table D-1 Monthly evapotranspiration in CHIANG RAI Province

Jan Feb Mar Apr May | Jun Jul Aug Sep Oct Nov Dec

93 125 151 169 158 143 135 124 128 122 105 91

Source: Chalong Kurdpitak, 1998

Table D-2 Land use code and associated Crop coefficient (Kc)

Land use code K. Remark
A0100 1.2 Rice

A0200 0.9 Corn

A0300 & A0400 0.9 Orange

A0600 0.9 Corn

F0103 0.9 Natural Forest

F0201 0.9 Natural Forest

F5000 0.65 Shrubland

M0200 & M0101 1.2 Cattails, Bulrushes, no frost

u0000 0.65 Urban-Residential

WO0000 1.05 Open Water, < 2 m depth or in subhumid climates or tropics

Source: Model specification
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APPENDIX E
SOIL ERODIBILITY FACTOR

Table E-1 Soil series and associated K-factor

Soil series name Texture group K-factor

Alluvial Soils poorly drained Medium-textured soils 0.35
Alluvial Soils,undifferentiated Medium-textured soils 0.27
Ban Chong, rolling phase Fine-textured soils 0.18
Ban Chong, undulating phase Fine-textured soils 0.18
Chiang Rai Fine-textured soils 0.27
Chiang Saen, rolling phase Fine-textured soils 0.27
Chiang Saen, undulating phase Fine-textured soils 0.27
Colluvial and Alluvial Complex Medium-textured soils 0.27
Doi Pui, Chiang Sean, Map Bon, and Nong Mot ) /

ot tiated soils Fine-textured soils 0.27
Hang Dong overwash phase Fine-textured soils 0.35
Hang Dong silty clay Fine-textured soils 0.35
Hang Dong silty clay loam Fine-textured soils 0.35
Li, Banchong, and Pakchong undifferentiated soils Fine-textured soils 0.18
Mae Sai Fine-textured soils 0.27
Nong Mot, rolling phase Medium-textured soils 0.22
Nong Mot, undulating phase Medium-textured soils 0.22
Pakchong, Thap Kwang, and Muak Lek ) )

undifferentiated soils Fine-textured soils 0.35
Phimai Fine-textured soils 0.27
Tha Maung/Sanphaya association Coarse-textured soils 0.35
That Phanom ,neutral variant Medium-textured soils 0.35

Source: Soil and water conservation division, n.d. (16)
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APPENDIX F

CROPPING MANAGEMENT FACTOR

AND CONSERVATION PRACTICE FACTOR

Table F-1 Land use pattern and associated C, P-factor
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Land use code Land use pattern C-factor P-Factor
A0100 Paddy Field 0.280 0.100
A0200 Field Crops 0.340 1.000
A0300 & A0400 Perennial and Orchards 0.150 1.000
A0600 (swidden cultivation) 0.250 1.000
F0103 (Hill Evergreen Forest) 0.003 1.000
F0201 (Mix Deciduous Forest) 0.020 1.000
F5000 (Disturbed Forest) 0.250 1.000
M0200 & M0101 Wetland) 0.015 1.000
U0000 (Urban and Build-up Land) 0.000 0.000
WO0000 (Water Bodies) 0.000 0.000

Source: Model Specification
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