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SOIL EROSION/ GIS/ REMOTE SENSING/ USLE/ LAND

DEGRADATION

Estimating spatial distribution of soil erosion tine landscape has become
very critical in the present day world for variagmsons. The study basically aimed to
spatially model soil loss and to provide guidareéand developers for reducing land
degradation problem in the study area. The integraif RS/GIS with Universal Soil
Loss Equation (USLE) for soil erosion assessmestiegn carried out in Upper Lam
Phra Phloeng watershed in Nakhon Ratchasima. Hgrewwo Landsat-5 TM
imageries in 2000 and 2008 were classified by ubylyid techniques for land use
and land cover classes for vegetation cover and Bepport practice factors of
USLE. Also, other USLE factors included rainfalhnif erosivity, slope length and
steepness, erodibility factors were extracted basesiean annual rainfall, DEM, soll

and geological data under GIS, respectively.

Two land use and land cover maps in 2000 and 2@98 prepared. The land
use and land cover change map was generated iediicange of amount from 2000

to 2008. Also, soil loss maps in 2000 and 2008 weoeuced based on USLE model
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and the result indicated that the amount of saklom 2000 is more than 2008 as
rainfall intensity was high. Furthermore, severitfysoil loss was classified into 5
classes include very low, low, moderate, severevang severe. The result obtained
150.59 sq. km (19.25%)oderate, 44.43 sq. km (5.68%gevere and 0.15 sg. km
(0.02%)very severe in year 2000. While the result obtained 139.54ksq].(17.84%)
moderate, 41.84 sq. km (5.35%sgevere and 0.12 sq. km (0.02%ry severe in year
2008.Moderate, severe andvery severe locations were here emphasized for the soil
and water conservation practices. The changeibfoss severity between 2000 and
2008 map was also generated for indicating bothease and decrease in soil loss
rate. In addition, an average sediment yield in0280d 2008 based on site specific
Sediment Delivery Ratio (SDR) were 12.84 ton/halfyaad 12.03 ton/halyear

respectively.
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CHAPTER |

INTRODUCTION

1.1 General background of soil erosion

Soil is the basis of production and world’s ecorostill relies on agricultural
sector. Despite numerous efforts, the agricultsedl loss is a grave concern and it is a
world-wide problem. Soil erosion is widely consielgito be a serious threat to the long-
term viability of agriculture in many parts of theorld (El-Swaify et al., 1985. Soll
erosion, the most serious type of land degradatioouyrs in all climatic regions. Soil
degradation is a broader term for a decline inqadlity encompassing the deterioration
in physical, chemical and biological attributestioé soil, which may be enhanced by,
among other things, accelerated soil erosion (Edi996).

Erosion by water is a primary agent of soil degiiadaat the global scale,
affecting 1,094 m hectares, or roughly 56% of #edl experiencing human induced
degradation (Oldemamt al., 1991). It is estimated that crop productions bezo
uneconomical on 20 m hectares of land worldwideualiy (Elirehema, 2001). For
example, there are approximately 107 m rai or 33%he whole country accounted to
erosional loss of nutrients, minerals and organicattenrs in Thailand
(http://www.ldd.go.th).

Therefore, the study of soil erosion patterns ia ldndscape and interactions

among the major factors that affect this processswential, particularly in humid



mountainous areas (Hoyos, 2005). This is due tio $iteep topography and frequent
high rainfall amounts and intensities, it is wig@lesign sound conservation measures.

Many high priorities natural resource conservapasjects throughout the world
depends upon accurate erosion assessments andipnsd{Onstand and young, 1988).
For erosion study, various data on long-term rdjnémil and geological formation,
terrain (topography), land use and land cover nmgppre the basic essentials for the
assessment. Such information will enable to prewailt loss before it is severely
damaged from various sources of degradation. Unfately, these types of information
are not much readily available in many developimgntries.

Erosion prediction models can help address long-tand management planning
under natural and agricultural conditions. Everugtoit is hard to find a model that
considers all forms of erosion, many models wergeldped specifically to aid
conservation planners in identifying areas whet@ducing soil conservation measures
will have the most impact on reducing soil losserBhare several methods of quantitative
assessment of soil erosion. The models differ lgreastructure and data requirements.
For practical application, models of low complexarg most desirable.

Spatial assessment of soil erosion can basicaltjobe in three different ways
(Vrieling, 2007). The first is to measure soil eaopsrates at different locations using
some measuring device or erosion plots. This mightvery expensive task. The
second approach is the execution of erosion fialdeys with identifiable features
that were formed due to erosion processes usih¢pssiindicators. The measurement
result from these results will vary due to themei scale change involved in its
formation. The third and most common method fortigparosion assessment is

through integrating spatial data on erosion facté/glely-used is the Universal Soll



Loss Equation (Wischmeier and Smith, 1978). Thishes cost effective method in
understanding the distribution of erosion probldre study carried here is the best
example.

Since the development of the Universal Soil Losuudiqn (USLE) by
Wischmeier and Smith (1978), the soil loss moddtiag been extensively used in many
parts of the world. It became popular becaustsaimplicity and low data requirements.
It has become most particularly useful in evalygtire impacts of intensified land use on
soil loss. USLE is factor-based (Lafleinal., 1991), which means that a series of factors,
each quantifying one or more processes and theiractions, are combined to yield an
overall estimate of soil loss. It is designed tedit long-term average annual soil loss
from field slopes under a specific land use andagament system, based on the product
of rainfall erosivity (R), soil erodibility (K), sipe length (L), steepness (S), surface cover
and management (C) and support conservation pragti).

Traditionally, the USLE model has been initiallysdgmed for use for local
conservation planning at an individual farm scalgently sloping cropland applications.
But nowadays, it is applied in many parts of thelevavith some modifications in the
local factors. Therefore, it can alert the soil agers to potential erosion hazards and
identify the factors responsible for excessive ka@$ and aid in selecting an appropriate
conservation practices.

Coupling GIS and USLE has been widely used anéng effective approach for
estimating the magnitude of soil loss and ideniythe spatial locations vulnerable to
soil erosion (Fiet al., 2006; Limet al., 2005). Remote Sensing complimented with field
ground truthing and GIS provide the best methodcébgoolset to investigate soll

erosion (Wolfgang, 2002).



1.1.1 Statement of soil degradation problem

The soil loss situation in the Northeastern parfbéiland has become very
crucial due to increased intensity of mechanizeltivation and clearing of forests,
which has led to soil erosion problems. Similadgil erosion in Lam Phra Phloeng
watershed is identified as a major problem by LIRDD, 2000).

Due to the influx of more and more people, theadtural land since then has
expanded rapidly. This type of land conversion fraatural vegetation to agricultural
land uses is often perceived as environmentallyadigg, in terms of declining the
soil quality. With the passage of time, the decimanatural soil fertility is found in
the area, where more and more fertilizers wereieghgb maintain the crop vyield
level. The application of inorganic fertilizers, rbizides and pesticides became
standard practice as it greatly increased agri@lltproduction. However, the
inorganic fertilizers have provided negative impadft risking and polluting the
surface water leading to other environmental hazard

Literature provides information on non-utilizati@i inorganic fertilizers in
early 1960s and 1970s. The practice of applying tigpe of fertilizers came from
1980s. It is all because of soil degradation duertwsion, which is accredited to
clearing and cultivation of forestland, and du@wproper use of agricultural land that
has lead to deterioration of the physical, chermaca biological properties of soils.

Farmers in the area are not aware of the soil @ngsiocess and its effects in
the long-term quality of the soils. So, no majaryseon prevention and soil protection
measures have been practiced. If the current isealibwed or being continued, there
will be reduced family income and agricultural autgpin the study area. Regarding

on agricultural land use practices, the farmersehetvanged from animal powered



tillage to tractor drawn land-preparation. This hesd to more intensive soil mixing
and deeper tillage with its direction often acrtdss contour, thus encouraging soll
erosion (Cho and Zoebisch, 2003). Another problemafter the crop has been
harvested; the land is tilled and left fallow faritg some time and becomes sensitive
to sheet erosion. Farmers especially in the uppdrgs the watershed grow corn as
the main crop from May to December (ChandrapraBff?) and land is completely
left fallow and abandoned after harvest from JaptarApril making susceptible to
erosion. These types of problems are of grave carfoe the long term sustainability
of the finite land natural resources.

The truth of soil degradation and severe soil liosshe study area can be
better understood with many indicators found in #rea. Indicators are variables
which may show that land degradation has takereptathey are not necessarily the
actual degradation itself. The piling up and cdniting sediments against a down-
slope water body like Lam Phra Phloeng dam can meliralicator' that land
degradation is occurring upslope. Similarly, deelin yields of a crop may be an
indicator that soil quality has changed, whichumtmay indicate that soil and land
degradation are also occurring. Another thing s tieed of more fertilizers. The
condition (change of texture and colour) of thd soione of the best indicators of
land degradation. Similarly there are sets ofdatlirs that can be found in the area
like: rills, gullies, pedestals, armour layer, fl&nee root exposure, exposure of below
ground portions of fences and other structuresgfi@et erosion), rock exposure, tree
mounds, built-up against barriers etc..

It should be clearly noted that none of these nreasare directly comparable

with each other. However, after careful scrutimgyt can be used to ascertain general



trends in land degradation (Stocking and Murnagh2000). For example, tree
mounds formed under trees of different ages chmselhether degradation is getting
worse, staying more or less the same, or evenngad reverse. Rocks can also yield
information useful over longer timescales. In casty the buildup of soil against field
barriers such as boundary walls tells us what bapéned in that field since the walls
were constructed.

Single indicator gives singular item of evidence fand degradation or its
impact. They are susceptible to error, misintegireh and chance. Therefore, by
combining indicators, more robust conclusions carebtertained, even to the extent
that quite different types of measure may be pladedgside each other to obtain a
fuller understanding as to whether land degradattomappening. Similarly, the
indicators were clearly visible indicating and aoming the degradation, even though
the field measurements could not be done due te tmd financial constraints.
However, it should be noted that calculations & #bsolute levels of soil erosion
from all indicators are simple but require ampiedi

Farmers were also not aware of the effect of chaofyjdand use and
management practices in erosion prevention but kiegy on changing the land use
ever since from 1960s. This was due to change nketiag opportunities and decline
in soil productivity. Earlier, people cultivateccei and vegetables after clear-cutting
the forests. However, later when rice came cheiaplliye market from other areas due
to more viability of transport services, people &ego cultivate maize as labour
requirement was not expensive as that of rice hayg tould earn enough cash with
maize plantation twice a year. Then in early 197d%en there was good market for

mangoes, people started to plant mango trees. 8\iie, when the trees started



giving fruits after several years, its market heally gone down. This was because;
farmers did not have idea, equipments and resautadsr the quality of mango
declined and again after several years, most pestgtted uprooting and converting it
again for maize plantation in late 1980s and eB9§0s.

As of year 2000, the main field crop was mainly ngohowever with
increase in market opportunities, cassava and saigarwith other cash crop are
grown. If we closely analyze into the land use g®rithere would be greater impacts
on variations in the soil loss requiring conseiwasi and support practices.

1.1.2 Significance of soil erosion on agricultural productivity

The relationship between soil erosion and agricaltproductivity is complex
and involves many different factors. By alteringl gwoperties, erosion has direct
effects on crop production. Erosion can decreadefestility, organic matter in the
soil and plant-available water reserves (Lal, 198 hus, the exposed soil remaining
will be less productive in a physical sense. Thef§ects may be cumulative and not
observed for a long period of time will cause mdepletion. Quantifying the effects
of erosion on crop production faces many difficasti

First of all, the extent to which erosion affect®p production will vary
depending on the type of crop, the type of soi, mhicro-climate, local topography
and the management system (Lal, 1987). Seconayextremely difficult to determine
the influence of any single factor on crop yieldsy attempt to measure the effect of
erosion on yields will be almost impossible to cohtor other effects, such as variations
in precipitation. Therefore, long-term data is asiaé however, since the effects of

erosion on productivity will change throughout siod profile (Stocking, 1984).



However, an estimate or approximate crop yield frmspecific spot can be
better understood, when the quantity of erosiorellen different locations of the
study area is obtained from the USLE result frontegnations of all factors.
Therefore, the agricultural production will be lemvplaces where the erosion level is
high and better yield in the areas where the enasitess.

1.1.3 Significance of soil erosion and sediment yield on environment

Soil erosion is the first step in the sedimentatoocesses, which consist of
erosion, transportation and deposition of sedimiérdan carry sediments, nutrients,
and pesticides to surface water bodies, degradatgrvguality. Sediments may make
water cloudy destroying breeding areas for aquééicand decreasing their ability to
find their food. Soilborne pesticides may Kill, deh, or harm aquatic life. Soilborne
nutrients may also stimulate the growth and decaitipo of algae, resulting in a
lack of oxygen for fish. Sediments from erosion n@gg drainage ditches, road
ditches, and culverts and contribute to silt logdih streams and areas behind dams.
Sediment yields are also associated with waterveagadjes. Sediment deposition in
streams reduces channel capacity and result imifigopdamages. The water storage
capacity of reservoirs can be depleted by accumals¢diment deposition. Effective
erosion control and sediment containment begin wh#h project planning process
(Toy et al., 1998). Controlling sediment loading requires kmewledge of the soil
erosion and sedimentation, and Geographic Infooma8ystem (GIS) can help to
assess and at least provide estimate informatigardeng the same problem for
planning purposes.

The sediment yield is usually not available as eeali measurement but

estimated by using a sediment delivery ratio (SORJ)s computed as the ratio of



sediment yield at the watershed outlet (point ténest) to gross erosion in the entire
watershed (Bradyet al., 2001). SDR again can be computed based on $evera
functions and factors such as drainage area, xhearness to the main stream,
channel density, slope, length, land use/land coamd rainfall-runoff factors
(Ouyang and Bartholic, 1997). The site specificirpett delivery ratio based on
slope, length and land use/land cover has been Bskxlge number of models exist
for identifying non-point source pollution as wel in the design of the construction
such as dams and reservoirs or water quality etmany cases, these models use the
USLE (Wischmeier and Smith, 1978) or the revisetsioa of the USLE (RUSLE,
Renardet al., 1997) to model erosion on hillslopes in conjumttivith sediment delivery

ratios to determine the sediment delivered fromhitelope to water bodies.
1.2 Purpose of the study

Generally, when we think of doing any kind of wakle do, we always keep
humans at the heart of the work. Which means bgsassg the soil erosion problem
with GIS and letting the concerned authorities kradvout the problem for decision
making and implementation purposes, we try to redhe negative implications and
try to improve the quality of life our native humaeings. Similarly, while carrying
out this research studies, the main purpose isalcerthe environment and agriculture
sustainable and improve the quality of life of reople in the near future. The study
was focused on methodological study on understgnitie usage of geo-informatics
technology on estimating soil loss using USLE. Tian specific objectives were:

1. To classify the land use and land cover maps forgeriods.

2. To estimate the soil loss based on two periodggud®LE model.
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3. To describe the effect of land use and land cokanges on soil loss.

4. To identify the severity of soil loss distribution.
1.3 Basic assumption

It is assumed that topographic, erosivity, erditibiand land use conditions

within each cell are uniform.
1.4 Scopeand limitations of the study

The study provides an assessment in understandiimgi af land use pattern in
two periods of time in the study area and whengraied with other factors, it
determines soil loss; in which would help to evédutne change of erosion rate for
two periods of time. Thus, it provides informati@m the importance of land
cover/land use and land management activities Fa matural soil resources
conservationists in further enhancing the proditgtof the agricultural soil.

The study has optimized utilizing all the availabpatial data and information,
other factors and ancillary datasets required $essand represent the best estimation
of soil loss in the study area. Despite many adigad of integration of RS and GIS
with USLE for assessing erosional soil loss, thesent study also had some

limitations (Breiby, 2001). Some of which are akdws:

1. Scale difference of base data for deriving samkion factors;
2. Rainfall stations were not uniformly distributedthe study area;
3. Generalization of land use/cover classes intpnaasses only based

on the capability of remotely sensed data.
4. Limitations in mathematical calculations dueinberiting errors of

each input dataset.



CHAPTER II

LITERATURE REVIEW

2.1 Concept of soil erosion

Erosion is a natural geomorphic process occurcorginually over the earth’s
surface (Saha, 2004). However, the acceleratighi®process through anthropogenic
perturbations and poor land use can have severacisipn soil and environmental
quality. Poor land use practices include deforestatovergrazing, unmanaged
construction activity and road or trail buildingoWever, improved land use practices
can limit erosion, using techniques like terracddmg and tree planting etc.
Excessive erosion does cause problems, such asimgcevater sedimentation,
ecosystem damage and outright loss of soil, whathiccresult in partial or complete
loss of its productive capacity.

Soil erosion is a three-stage process, which dedu

(1) Detachment,
(2) Transport, and
(3) Deposition of sail.

Soil erosion begins with detachment, which is edusy break down of aggregates
by raindrop impact, sheering or drag force of wafeetached particles are then
transported and deposited when the velocity of mdgereases by the effect of slope or

ground cover.
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The rate of erosion tenses on many factors, inetuthe amount and intensity
of precipitation, the texture of the soil, the dgesd of the slope, ground cover from
vegetation, rocks, land use, and possibility obeno from speed of a stream. The first
factor, rain, is the main agent for erosion, b tiegree of erosion is governed by
other factors too. The first three factors can nenfairly constant over time. In
general, given the same kind of vegetative coverewpect areas with high-intensity
precipitation, sandy or silty soils and steep stofmebe the most erosive. Soils with a
greater proportion of clay that receive less intepsecipitation and are on gentle
slopes tend to erode less. The factor that is sudgect to change is the amount and
type of ground cover. In an undisturbed forest,rtheeral soil is protected by a litter
layer and an organic layer. These two layers ptatecsoil by absorbing the impact
of rain drops. These layers and the under-layinigirs@ forest are porous and highly
permeable to rainfall. Typically only the most seveainfall events will lead to
overland flow in a forest.

Soil is lost both by natural and anthropogenic yrbdtions (Hanson, 2003).
Natural erosion occurs when soil is in its natwalvironment, surrounded by its
natural vegetation. This type of erosion has be&mg place over millions of years.
While existing soil is gradually lost, new soilsncée formed through the slow
weathering of parent rock material, and from saiitigles moved in by air and water.
Under normal climate conditions, and with stableugd cover, soil losses from this
type of soil erosion often can balance out, or elsenless than, the rate of soil
production.A classic example of natural erosion is the Graady®on.

Anthropogenic accelerated erosion is caused bgcheities of human beings.

By removing surface vegetation and plant residueecothe soil becomes more
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vulnerable to removal by wind or water. Agricultugoduction can contribute to
accelerated erosion, as can forest harvesting,acirfmining, housing and
construction, and urban highway construction, &lwhich eliminate stable plant
cover.Heavy grazing can reduce vegetation enough to asererosion. Changes in
the kind of vegetation in an area can also affeosien rates. Different kinds of
vegetation lead to different infiltration ratesrain into the soil. Forested areas have
higher infiltration rates, so precipitation will s@t in less surface runoff, which
erodes. Instead much of the water will go in sulaser flows, which are generally
less erosive. Leaf litter and low shrubs are anogmt part of the high infiltration
rates of forested systems, the removal of whichicarease erosion rates. Leaf litter
also shelters the soil from the impact of falli@gndrops, which is a significant agent
of erosion. Vegetation can also change the speedirfdce runoff flows, so grasses
and shrubs can also be instrumental in this aspect.

One of the main causes of erosive soil loss isréiselt of slash and burn
treatment of tropical forest. When the total growaiface is stripped of vegetation
and then seared of all living organisms, the ummglis are vulnerable to both wind
and water erosion. Severe fires can lead to sggmfly increased erosion if followed
by heavy rainfall. In the case of construction @ad building when the litter layer is
removed, the susceptibility of the soil to eros®greatly increased.

Particularly, in spatial modeling of soil loss wilHSLE, causes can be
grouped into four major environmental and agriaakyparameters that are taken into

consideration as explained below.
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2.2 Factorsaffecting soil erosion

Factors can be generally grouped in to four primgpes (Costick, 1996).
Each factor is as explained:

2.2.1 Climatic factor: rainfall

Rain is a type of precipitation, a result of then@ensation of atmospheric
water vapor that is available on the earth's serf&vil loss is closely related to
rainfall through the combined effect of detachmieytraindrops striking the surface
and by runoff (Mkhonta, 2000). The ability of rafifto cause erosion depends on
characteristics such as rainfall energy and rdimféénsity. The amount of rainfall
governs the overall water balance and the relgtnagortion that becomes runoff
(Hagos, 1998).

Erosion relies on two types of rainfall events; #tert-lived intense storm,
where the infiltration capacity of the soil is erded and the prolonged storm of low
intensity, which saturates the soil before run@élly begins. Also the drop size
distribution and its kinetic energy affect the spladetachment of the soil particles.
Big raindrops have high erosive power.

222 Soil texture

Soil texture is a soil property used to describe tklative proportion of
different grain sizes of mineral particles in al.sBiarticles are grouped according to
their size into what are called soil separatesy(ddt, and sand). Nowadays, they are
broadly grouped into three classes based on thielpasize by USDA as:

Clay: less than 0.002 mm
Silt:  0.002 to 0.05 mm (silt + very fine sand)

Sand: 0.05 to 2 mm (fine sand + very coarse sand)
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The effect of soil on erosion is reflected through resistance of soil to both
detachment and transport, defined through theesodibility factor (Morgan, 1995).
The particle size plays an important role in erogiocess. Larger particles are more
resistant to transportation as greater force islireq to move. However, soil with
particle size less than 0.06 mm, erodiblity is tedi due to cohesiveness properties.
The patrticles that are less resistant to erosiertterefore silt and fine sand (Petter,
1992). The soil texture also plays a greater rateidiltration capacity, which
depends on pore size and pore stability. Thereftag soils have low infiltration
capacity and produce more overland flow than smilsesting of coarser material with
higher infiltration capacity (Petter, 1992).

The level of erosion will differ with different doseries. A soil series is a
naturally occurring entity on the landscape. IniEmal, soil series as established by
the LDD are soils that are grouped together becatigeeir similar pedo-genesis, soil
chemistry, and physical properties. These resufioits which perform similarly for
land use purposes. A soil series name generatlgrised from a town or landmark in
or near the area where the soil series was ficstgrazed at the areas of at least 25 sq.
km.

2.2.3 Topography

Mass movement is the down-slope movement of rock setdiments, mainly
due to the force of gravity and depends upon tbepstess of slope. USLE prediction
is best found to be more representative in a gevdatershed area, where the action of
gravity is not much. It has been demonstrated itt@ease in slope length and slope

steepness can produce higher overland flow vedscitind correspondingly higher
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erosion (Haaret al., 1994). Moreover, gross soil loss is considerabbre sensitive
to changes in slope steepness than to changespm Ieingth (McCoott al., 1987).

2.2.4 Land use (vegetation cover) and agricultural support practices

Here in this study, the term vegetation will mehea tand cover types of the
study area. The agricultural land use/cover andagament factor reflects the effect
of cropping and support practices on soil erosiates (Renardt al., 1997). As
climatic erosivity and soil erodibility factors aessentially uncontrollable; land use
support practices are the deciding factors in dateng the extent of soil erosion, and
erosion induced degradation. On a given plot ofcafjural land, erosion can vary
from acute to almost nil depending on the crop@ystem. Vegetative cover plays a
crucial role as erosion is significantly reduceddemthick cover. In some cases a
vicious cycle can arise, where erosion reducespsoductivity, resulting in less crop
cover and hence more erosion and so on (Hudsori,).18v other words, generally
poor crop cover means that poorer farms may sdiffen more severe erosion on
their land, resulting in less future production &veén more erosion.

As the protective canopy of the land cover incrsasbe erosion hazard
decreases (Mkhonta, 2000). It protects the sodirsy the action of raindrops,
increases the power of infiltration and also reduttee speed of surface runoff. As
long as the land cover is unbroken, despite gremtivee rainfall or steep slope, the
runoff will still be maintained small. The surfacenoff also depends on type of
vegetation cover and density. Land with good cowdl always experience low
amount of erosion.

In agriculture, a terrace is a leveled section billg cultivated area, designed

as a method of soil conservation to slow or prevéet rapid surface runoff of
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irrigation water. Often such land is formed into luple terraces, giving a stepped
appearance.

Soil cover in the form of crop plants, cover cropsjlches, or residues can
protect soils from wind and water erosion, enhanager infiltration, and help
maintain or increase organic matter. Practices thaintain soil cover include:
minimum tillage, cover cropping, managed graziranptour planting, strip cropping,
crop rotation, control structures and diversiongratect soils from water erosion by

decreasing the effective slope length along a.field

2.3 Mathematic models and soil erosion models

The problem of soil erosion is major issue on agtice productivity and yet
the numbers of contributing variables make thenesion more difficult and
complex. Even though there are several predictindets available, all are objective
oriented, as no single prediction model can suffadle needs. Therefore, for
assessment of soil erosion, long-term inputs agelired for estimating long-term
annual average soil loss.

Several models were developed and numerous arehen process of
development and some of which are CREAMS, WEPP, N&2&, EUROSEM,
GUESS, USLE, RUSLE, RMMF and MUSLE etc...Most haverbeeveloped for
agricultural areas and are designed to comparegbeddannual rates of soil loss from
broad areas under various cropland and rangelamégeanent techniques. All these
mathematical models can be differentiated eithéerdenistic or stochastic model,

based on which different models were classifiedremvn in the Figure 2-1.
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Mathematical model

v v

|. Deterministic model Il. Stochastic model
A\ 4
a. Empirical model v
b. Process model a. Probabilistic model
c. Physical model b. Time-series model

Figure 2-1 Different mathematical models (LDD, 2004)
|. Deterministic Model: A model for which there is only one possible
answer for a given set of inputs.

a. Empirical Modd: a simplified representation of a system or phezroon
that is based on experience or experimentationmiples are SLEMSA, MUSLE,
USLE, RUSLE etc...

b. Process Moddl: It can be either detailed or simplified mathemratmodels,
which are based on the representation of basicigbgscal processes. USLE can be
an example.

c. Physical Modd: It incorporates the laws of conservation of massl
energy (Petter, 1992),where energy can change bartnotal energy remains same.
They are firmly based on the understanding of thgsjgs of erosion processes.
Examples are CREAMS, ANSWERS, EUROSEM, and AGNRS.€hese models
were supposed to explain dynamics of detachmearisport and deposition not like
USLE or RUSLE.

Il. Stochastic Model: A model that recognizes that there could be geaan

of possible outcomes for a given set of inputs, expresses the likelihood of each
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one happening as a probability. Eg: patients regaording to the same medication by
physician.

a. Probabilistic Model: A model that assigns a likelihood to events diada
within a population, as expressed by a ranked nigaleralue or an estimate of best
case, worst case or most likely. As an exampleetérahinistic versus probabilistic
models, consider the past and the future: Nothiegcan do can change the past, but
everything we do influences and changes the futalthough the future has an
element of uncertainty.

b. Time-series Model: a time series is a sequence of data points, mesu
typically at successive times, spaced at (ofterioumi) time intervals. Time series
analysis comprises methods that attempt to undetstach time series, often either to
understand the underlying context of the data pdwhere did they come from? what
generated them?) or to make predictions.

Much of the research on erosion rates is direce@tds supporting or fitting
these competing models. Since then many changes preposed, but all models
revolve on a same concept of rainfall erosivityjl srodibility, slope length,
steepness, land cover and management factors tieatly proportional to the rate

of annual soil erosion (Sohan and Lal, 2001).
2.4 Related literaturesin spatial modeling of soil erosion

Many studies and researches on soil erosion mapekmg different erosion
models have been carried out throughout the wdrtee major contributions were
accredited to US government for their unwaverind andying continuous research

and development, which has come through a longfreay 1940s regarding soil loss
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assessments. Here at this juncture, the studieedaut in Thailand are discussed
briefly. The erosion studies in Thailand dates back early 1990s.

Mongkolsawat, Thirangoon and Sriwongsa (1994) edrsoil erosion mapping
using USLE and GIS in Huai Sua Ten watersheds aaygrart of Khon Kaen and
Udon Thani provinces. High erosion classes conatadrin areas where land is used
for field crops with no conservation practice. Thsultant soil erosion map, produced
using GIS, was checked against existing soil erosiaps and data of field surveys. It
was found to be satisfactory. The study confirnet the use of GIS and remotely
sensed data can greatly enhance spatial modelisgjlafrosion.

Shrestha, Eiumonoh and Baimoung (1996) carriedsolliterosion assessment
using RS/GIS and USLE in Uthai Thani province faldigy implementationsThe
study has found that the upland area under suga@ativation is most severe prone
areas. The study recommends the need of long-rangservation measures to
address the problem of soil degradation.

Land Development Department (2000) has carried thet soil erosion
assessment throughout whole Thailand using RS/Gisthe original USLE model.
The study has found the distribution of soil lagsvhole Thailand. The soil loss was
found to be more in the areas where there are getaton covers and steepy areas.

Chandraprabha (2002) has carried out the implicastudies of land use
change on soil erosion hazards in Lam Phra Phloestgrshed using the USLE
model with GIS for two years 1990 and 2000 respebti The study has concluded
that the soil loss risk is huge in the area.

Yazidhi (2003) utilized RS/GIS with RUSLE and RMM#odels to study of

soil erosion modeling in Lom Kao-Phetchabun, ThallaHe has found that the soil
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loss from RUSLE model was more than that of RMMFdeloand recommended
RUSLE as a better choice.

Cho and Zoebisch (2003) studied the land covergdgmoharacteristics and the
driving forces in the Upper Lam Phloeng watersheel the last 45 years. It basically
discusses the conversion of forest land cover ésgnt agricultural land uses. They
have found that the farmers in the area have theepgon of decline in soil fertility
rate and the need for more fertilizers to produmedgyield.

Land Development Department (2004) has also recaatiried out the soll
erosion assessment throughout whole Thailand uBIB#GIS with the Revised
Morgan Morgan and Finney model. The applicabilityhee RMMF was also found to
be viable although the data input require is mamam@ex in nature as compared to
USLE.

Paiboonsalet al. (2004) have carried out the spatial modeling@f srosion
assessment in Upper Chi Basin of Northeastern dmaiusing RS/GIS and USLE.
This study provides the very severe soil loss carenrea of about 5.7% for which,
the total soil loss exceeds 45% of the watershed. aoil conservation measures
were placed emphasis on the very severe and ssokfess.

Mongkolsawat, Paiboonsak and Chanket (2006) haneedaout study on soil
erosion in northeast Thailand using GIS and USLie study indicated the soil loss
severity (7.94%) was in the mountainous areas sidep slopes with degraded
forests.

Lorsirirat (2007) of Royal Irrigation Departmentshearried study on Effect of
Forest Cover Change on Sedimentation in Lam Phi@eRf Reservoir, Northeastern

Thailand. The study was mainly aimed to predictlifespan of the reservoir where
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its capacity has been reduced by the sedimentptaress from 1970 to 2000. He has
described the impact of loss of forest cover inseno process and he concluded the
agricultural lands were prone to erosional lossaiif

Wahid, S. M. and Babel, M. S. (2008) have done se tudy in Lam Phra
Phloeng watershed for evaluating landscape predictith reference to watershed
hydrology. The result found that while the tenurer e appears not to affect
hydrology, the effect of land use, tenure andwadtt have contributed for controlling
runoff in the watershed.

It can be deducted from the above literatures kad is an indispensable
resource for the most essential human activitiegravides the basis for agriculture
and forest production, water catchment, recreafod, settlement. The range of uses
that can be made of land is limited by environmlefators including climate,
topography and soil characteristics, and is to mgelaextent determined by
demographic, socio-economic, cultural and politidattors such as population
density, land tenure, markets, institutions, andcatjural policies (FAO, 2007). That
is why; often land degradation needs to be assemsedfrequent basis as Landis a

basic and finite resource and we are degrading langounts of i{Genske, 2007).



CHAPTER |11

STUDY AREA

3.1 Location and administration

Lam Phra Phloeng, a typical agricultural watershad been selected for the
study. The area stretches approximately from°1Z8 57’ to 10F 54 06’ towards
east and 1418 26’ to 14 38 33’ North in WGS_84 coordinate system with total
acreage of 782.31 Sqg. km. It falls under the jucisoh of about three main districts
of Wang Nam Khieo, Pak Chong, and Pak Thong Ch#ieOneighboring districts

are also depicted as shown in Figure 3-1.
3.2 Topography

The study area is characterized by an upland tepbgrwith undulating slope
and flat areas. The area is bounded by Pha Khad.&dmg National Reserve Forest
in the north-east and Khao Yai National Park ingbath-west. The elevation ranges
approximately from 175 m to 1,300 m above Mean Ise&l (MSL) as shown in
Figure 3-2. The middle part of the study area, Whgcof gentle slope nature where

major part of land is used for agriculture is ofjonaoncern of erosion problem.
3.3 Climate, rainfall and temperature

The area experiences three seasons in a yearoakdoy, hot dry and rainy

season. The cool dry season is influenced by ththemst monsoon carrying cold
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winds from Siberia from mid-October to mid-Februamhe hot dry extends from
mid-February to mid-May. The rainy season extemdmfmid-may to mid-October
which is affected by southwest monsoons and cyslémmen South China Sea with an
average of 1,000 mm annual rainfall. The mean nipmtiiaximum temperature in the
study area ranges from 27°C in December to 37°Tune and minimum temperature
from 14°C in December to 24°C in June (ChandrapmaBf0?2).

In 2003, the total population of this watershed #8452, where more than
80% were engaged in agricultural activities. Therage family income of the people
in the watershed was about 50,000 Thai Baht ann(@&lbhid, S. M. and Babel, M.

S., 2008).

3.4 Land useand land cover

Maize is the dominant crop grown in the upper aed some areas are also
allotted for planting cassava, sugarcane and mughe areas neighboring to Koa
Yai National Park, the dense evergreen forest emeerwere quite good as it is
declared as the “protected buffer zone” in fromd9&ince then the forest natural re-
growth was ever increasing and was well maintaiistil. then the most part of the
forest cover have been encroached for the agrieufiurposes.

Similarly, mango orchard accounts majority amortgst fruits, but there are
also small plantations like custard apples, tandanrapaya and jackfruit. Vegetables
like eggplant, chili, cabbage and other varietiesaso grown. The water bodies and
village/urban areas also account for some percentathe area although there is no

significant coverage in the study area.
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3.5 Soil and geology

351 Sail group and seriesin study area

More than 300 series of soil have been identifired/nole Thailand. Soil series
with similar characteristics have been grouped i6® soil groups by LDD
(http://mww.ldd.go.th). The 11 soil groups foundthre study area have been briefly
described with other examples too. About 14 sailesefound in the study area are
marked in italic.
Group No. 22: This group of soils is of poorly drained; coarsgttired that occur on
low-lying terrain. They are very low fertility. Seiin this group are Num Krachai
(Ni), Sansai (Sai) anfri Thon (S) series.
Group No. 29: This group of soils is well drained and deep fieetured that
occupies erosional surfaces and alluvial terracesrts in dry areas of the country.
Soil fertility is moderately low. Soils in this gip areBan Chong (Bg), Chiang
Khong (Cg), Choke Chai (Ci), Mae Taeng (Mt), Non@tMNm), Pak Chong (Pc)
and Sung Nern (Sn) series.
Group No. 31: This group of soils is well drained, deep and Hfieetured derived
from fine-grained clastic rocks. Weathered bed romkmonly occurs at the depth of
125 - 175 cm from solil surface. Soil fertility isoaterately low. Soils in this group are
Loei (Lo) andwWang Hai (W) series.
Group No. 40: This group of soils is well-drained, deep and sedextured that
develops from alluvial deposits or wash materiaghee uplands of alluvial terraces,
fans or erosional surface in the areas of low pretion. They are low fertility. Soils
in this group are Chakra Rat (Ckr), Chum Puang {Cpaip Krapong (Hg), Huay

Thalang (Ht), San Patong (SPgk Thong Chai (Ptc) and Yang Talat (YI) series.
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Figure 3-2 Soil groups found in the study area

Group No. 44: This group of soils is deep sandy, somewhat ekedgdrained that
occur on alluvial terraces, fans and wash surfiissgarent material is closely related
to coarse grained clastic rocks and coarse graigeeious rocks in areas of low
precipitation. Soil fertility is very low. Soils ithis group areChan Tuk (Cu), Dan
Khun Thot (Dk) and Nam Phong (Ng) series.

Group No. 47: This group of soils is shallow to fine-grained bedk. It occupies
erosional surface, hills and mountains in low gr#ation areas. Soils in this group
arelLi (li), Muak Lek (Ml), Sop Prap (So), Nakhon Sawan (Ns), Pong Namron)(Po
and Tali (TI) series.

Group No. 48: This group of soils is shallow to coarse-grainestl sock. They

commonly occur on erosional surface, hills and nt@ms. Soils in this group are
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Mae Rim (Mr), Nam Chun (Ncu), Payao (Padjangnam Khieo (WK) and Tayang
(Ty) series.

Group No. 52: This group includes all soils that are shallowcaetous layer in low
precipitation areas. Dark surface layer of alkalihat is friable in moist condition.
Fertility is high. Soils in this group are Bung @laag (Bng) andakhli (Tk) series.
Group No. 55: This group of soils is moderately deep, fine-testband well drained
that developed from clastic rocks in low precipdatareas. Will be cracked in dry
season. Soil fertility is moderate. Soils in thi®gp are Chatturat (Ct) andlang
Saphung (Ws) series.

Group No. 56: This group of soils is similar to soil group No..5bhe main
difference is coarser-textured and coarse, graclastic weathered-rock layer i.e.
sandstone and equivalent rocks that are found at1®® cm depth. Lad Ya (Ly), Pu
Sana (Ps)Bo Thai (Bo) and Phon Ngarm (Png) series.

Group No. 62: This group of soils includes all steep lands witbre than 35 percent
slopes (SC: slope complex). Soil qualities vargeslogical setting of the areas. This
group of soils should restrict their uses to wondlawatershed protection and

wildlife conservation.
3.5.2 Geological formationsin study area

The unpublished geological map prepared by DepattmieMineral Resources
(DMR) has about 13 geological formations in thedgtarea (Figure 3-4). The brief
description of rock types and symbol of each foramats as follows:

Jpk (Phu Kradung): Siltstone, greenish gray to yellowish brown caloase and
micaceous: Sandstone, grayish brown to greenish fin@ grained, thin to thick-bedded,

cross-bedding; locally basal conglomerate.
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Jpw (Phra Wihan): Sandstone thick-bedded, quartz, quartzite; whitewb and

yellowish- brown; claystone, purplish-red siltstarel whitish-gray.

P (Unnamed): Phyllitic shale, siltstone, thin bedded, light brgierown, brown-gray and
intercalated with hornfels and quartzite, thin bedidgray, gray chert locally contact

metamorphosed.

P2 (Unnamed): Limestone, light-gray to gray, laminated to thlmkdded, interbedded
with chert bedded and lenses; argillaceous limestgray to pinkish brown interbedded
in upper part, fusulinids, smaller foroms, crinstdms, algaes and gastropods.

P3 (Unnamed): Shale , greenish gray to dark greenish gray, laf@thadark limestone
dark gray limestone lense intercalated in lowet pgrartialy tuffaceous limestone and
pebbly shale ; locally spotted phyllitic shale, g shale, slaty shale and schist.

PTRan (Andesite): Andesite and associated volcanic rocks include sitedporphyry or
equigranular and pyroclastic volcanic rocks such taf, andesitic breccia and
agglomerate, agglomerate, rhyolite may presentiallsamount.

PTRrh (Rhyalitic): Rhyolite and associated rocks, purple, purple-gray greenish-gray
composed of rhyolite porphyry and fine grained gopnular, and pyroclastic rocks of
mainly tuff, most rocks show well developed flowlidion, rhyolitic tuff is always
present.

Qa (Quaternary): Alluvial deposit, gravel, sand, slit and clay.

TRgr (Granite): Intrusive igneous rock: granodiorite, diorite andnmrodiorite.

Trgrl (Granitel): Hornblende granite, hornblende-biotite adamelhtanblende diorite,
hornblende gabbro and hornblendite gray to blac#finme to coarse grained equigranular

texture.

TRgr2 (Granite2): Biotite granite, biotite adamellite and biotite-roagite-tourmaline
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Figure 3-3 Geologic formations of the study area

granite, gray to light gray medium-coarse grairegpjigranular and porphyritic texture.

TRgr3 (Granite3): Biotite-hornblende granite, fine-medium grainedigouilar texture.

Trhl (Huai Hin Lat): Shale, dark greenish gray, interbedded with mungstgreenish
gray, calcareous, thin to thick - bedded, argikare limestone, gray to yellowish

brown; basal conglomeratic limestone.
3.6 Transportation and others

The study area seemed to have good connectivitgaaf network coverage as
almost all the villages in the area are linked witbtorable roads facility. Although
there is no network coverage for mobile phone mewillages, rural electricity and

rural water supply scheme in most rural parts efdtea is also made available.



3.7 Dataand equipment

For carrying out this research work, number of datal other equipment
resources besides computer hardware and softwares been used. Data were
grouped into RS and GIS data and equipment intawere and software. An

inventory of RS/GIS data and equipment resouraesdy obtained are shown in the

Table 3-1.

Table 3-1 Data and Equipment
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Data and Equipment Scale/ Cell Size  Year Remarks

) RS/GIS Data Types

a) Rainfall data N/A 2000/ TMmD!

Primary 2007

Datasets Landsat TM 30X30 m 2000/ GISTDA?

2008

Digital contour 1:50000 2000 RTSD
Digital soil map 1:25000 2004 LDD
Geology map 1: 50000 2008 DMR

b) Topo. map 1:50000 2000 RTSD

Secondary Land use map 1:25000 2007 LDD

Datasets Orthophoto 1:4000 2000 LDD

) Equipment

Hardware GPS N/A N/A RS Lab.

and Compagq notebook N/A N/A Personal

Software ArcGIS 9 N/A N/A RS Lab.
ArcPad 6.0.2 N/A N/A RS Lab.
llwis 3.4 N/A N/A Open Source
Erdas Imagine 8.7 N/A N/A RS Lab.

Thai Meteorological Department
’Geo-Informatics and Space Technology Developmemindy
®Royal Thai Survey Department

“Department of Mineral Resources



CHAPTER IV

METHODOLOGY AND PROCESSING

4.1 Modeingerosion by USLE

The Universal Soil Loss Equation (USLE) developed Wischmeier and
Smith (1978) is the most frequently used empirszal erosion model worldwide. The
USLE model has advantages because its data reguiterare not too complex or
unattainable, it is relatively easy to understaadd it is compatible with GIS
(Millward and Mersey, 1999). When used in conjumctwith raster-based GIS, the
USLE model can isolate locations of erosion onlblbgecell basis, determine the role
of individual variables on the rate of erosion, adehtify the spatial patterns of soil
loss within a watershed (Millward and Mersey, 1999)e USLE is written as:

A=RXKXxLxSxCxP (2)
Where,

A is the computed spatial average soil loss angteat average soil loss in

t/halyear;

R is the rainfall-runoff erosivity factor in MJ mha/h per year;

K is the soil erodibility factor- for a specifiedisas measured on a standard

plot, which is defined as a 22.13 m length of umfo9% slope in

continuous clean-tilled fallow in (t h/MJ mm); Ltise slope length factor —
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the ratio of soil loss from the field slope lengthsoil loss from a 22.13 m

length under identical conditions.

‘ 1.Climate Factor 2.Soil Texture Factor ‘ 3.Topography Factor ‘ . 4. Vegetative Cover
o E— and Support Practice
i Mean annual / i. Soil & /1 Topo contour / —
/ rainfall (mm) in / geology 2 e Landsat-5 TM 4
/ 2000 and 2007 , database. e Interpolate / /2000 & 2008 /
7 r 7 ¥ /
/ii. Erosivity  / Ai. Soil series / / intoraster DEM/ ii. Pre-processing
/ R 0.4669 X / & oeologic / = : ) -
—12.1415 / foﬁﬂatic;ns / I"'C?lcgﬂa'fe 7 _ ii. ‘Supeumed ¥
. 1 7 ‘ £ S.0pe 11l ORIy " classification”
’ 111 11terp0 at10n 31011 “ i d :/ ix Preliminary 7
using IDW K

vﬂues Iormula) ) LULC Map
: - /2000 & 2008/
iv. Raster & p
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/by ortho-photo, LULC
2007 & ground truthing/
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Outputs: / LULC map /
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. . viii. Raster C & P
3) Changemap 4) Sediment yield map 2000 & 2008/

Figure 4-1 Integration of factors for assessing erosion

S is the slope steepness factor-the ratio of sxss [from the field slope
gradient to soil loss from 2% slope under otherwise identical conditions.

C is the cover and management factor- the rateodfloss from an area with
specified cover and management to soil loss frorndantical area in tilled
continuous fallow.

P is the conservation support-practices factor-rdi® of soil loss with a
support practice like contouring, stripcroppingtenracing to soil loss with

straight-row farming up andownthe slope.
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The L, S, C, and P are dimensionless. The genefransatic diagram of
procedures followed and integration of input sosrdactors and expected outputs

while assessing soil erosion is shown in the Figutein more detail.
4.2 Rainfall-runoff erosive factor, R

42.1 Concept

Climate data like rainfall is prerequisite for mbdg the soil erosion.
However, the data like rain storm duration necgstaevaluate the erosive power of
rainfall was not available in developing countridg®e Thailand.Hence regression
equation developed like shown below was used astarésort. The digital rainfall
data were obtained from Nakhon Ratchasima and Ghotydrology and Water
Management Office websites of Royal Irrigation Diypent (RID).

4.2.2 Data processing

The schematic diagram of the procedure adoptedhgluhe data preparation
and processing is as depicted below in the Figu2e Bhe monthly rainfalls have
been reduced to annual mean rainfall in millimeterghe erosivity at each common
10 stations. Since there were less number of stitio the study area, the rainfall
from the neighbouring stations were also used. Rdactor, equation defined by
Land Development Department (LDD, 2000) for Nor#dteen part of Thailand has
been taken as best choice for this study. The souetwritten as:

R = 0.4669 X — 12.1415 (2)
Where,

R = Rainfall-runoff erosivity factor in MJ mm/hagier year and

X = Mean Annual Rainfall (mm)



Monthly Rainfall (mm) in year 2000 and 2007

A 4

2000 and 2007

Mean Annual RainfallX in mm for each year

A 4

R =0.4669 X

Generation of R-values for each station by

—-12.1415

A 4

Generation of R-factor raster map by Interpolati
usina DW

Figure 4-2 Procedures adopted for obtaining R factor
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The Inverse Distance Weighted (Appendix A) integbon has been

employed to establish the spatial layer of the &efia Table 4-1 shows the mean

annual rainfall and derived rainfall-runoff erosivalues in year 2000 and 2007

respectively.

Table 4-1 Mean annual rainfall and derived rainfall-runafbgive values (R)

No Station Code Mean Rainfall- Mean  Rainfall-
annual runoff annual runoff
rainfall erosive(R) rainfall erosive(R)
in 2000 in2000 in 2007 in 2007

1 Pak Thong Chai  431005932.20 423.10  862.7 390.65

2 Khoa Yai 431031 2,165.0 998.60 1,781.3 819.55

3 RM_145 25751 1,386.0 635.10 1,075.0 489.80

4  Huai krok De 25930 1,258.0 575.00 1,184.0 541.00
5 LPPDam (m33) 25511 1,115.2 508.55 1,283.0 587.00
6 RM_ 147 25781 1,106.0 504.00 1,043.0 475.00

7 RM_146 25771 1,530.0 702.30 1,207.0 551.50

8 Chokchai Farm4 25651 1,418.4 650.11 960.90 436.50
9 NylB 22341 2,083.5 960.64 1,904.0 877.00

10 Kgt14 n.a 2,407.5 1,111.92 1,902.0 876.00
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Figure 4-3 and Figure 4-4 depicts the rainfall-ffinerosivity, R-map

generated using ArcGIS for year 2000 and 2007 ciisedy.

Rainfall-runoff erosivity (R). 2000
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Figure 4-3 USLE R-grid map in year 2000
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4.3 Soil erodibility factor, K

43.1 Concept

Soil erodibility is a complex property and is thou@f as the ease with which
soil is detached by splash during rainfall or byface flow or both. Soil erodibility is
related to the integrated effect of rainfall, runa@ind infiltration on soil loss and is
commonly called the soil-erodibility factor, K (Ramdlet al., 1997). It is the long term
soil and solil profile response to the erosive pewarrainstorms. The Experimental
data have shown that K is not constant but varigs season, being highest in the
spring with soil fluffing from freeze-thaw actiorméd lowest in mid-fall and winter
following rainfall compaction or a frozen soil. 8iwith higher value of erodibility
factor, K, are more sensitive to erosion than seith low value. K varies with the
soil characteristics such as texture, structurgamc matter content, permeability and

chemical properties etc...
4.3.2 Methodology and processing

Normally soil sampling were done in the field arabdratory tests for
determining the percentages of fine sand, sily; alad organic matter etc. After which
the erodibility value for each soil texture candstimated using the soil-erodibility
nomograph method (Wischmeier and Smith, 1978; Remaral., 1997). The
nomograph (Appendix B) is also based on the equatibich can estimate K, where
the silt fraction doesn’t exceed 70%. It is showeioly:

100K = (2.1*10% * (12-OM) * M % 3.25(S-2) + 2.5%(P-3) / 7.59 (3)

Where,

OM = % of organic matter,
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S = Saoil structure class (1-4),
P = Soil permeability class (1-6),
M = (% silt + % very fine sand)*(100- %clay)

The soil permeability and structure codes are as/shn the Table 4-2 and Table 4-3.

Table 4-2 Soil permeability codes for texture types

USDA 12 Texture Types Permeability code  Remarks

Clay, silty clay 6 Very slow

Silty clay loam, sand clay 5 Slow

Sandy clay loam, clay loam 4 Slow to moderate
Silt, silty loam, loam 3 Moderate

Loam sand, sandy loam 2 Moderate to Rapid
Sand 1 Rapid

Table 4-3 Soil structure code

Code  Structure Size
1 Very fine granular <1lmm
2 Fine granular 1-2 mm
3 Medium/Coarse granular 2-10 mm
4 Blocky, platy or massive

The texture type can be obtained using the USDAutextriangle (Appendix
C) and brief descriptions of each texture type ppéndix D. LDD has also obtained
the values in the study area through similar apgroavhich uses the twelve soil
texture classifications that are similar to that Whited States Department of
Agriculture (USDA).

The digital soil map at 1 : 25,000 scale for 20€4ginally obtained from LDD

was used as base data. The factsheet of soil ésxfioir each series were also obtained
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from LDD (2004). The textural values for K were &don published values of soil
series and geological formations by LDD (2000) at5D,000 as shown in the Table
4-4 and Appendix E for more about geological rogies. For slope complex, like
forests and high mountainous areas, k-values sdalifierent geological formations
were identified from geological map (2008) of DMRor water bodies, rock land,
man-made structures and urban human settlemenggaylike schools and villages,
a value of “0” was assigned as erosion is assuroebdet null on these kinds of
surfaces. The detail of the descriptions of theomapck types of each of the
geological formations can be seen in Table 4-5.

Table 4-4 Soil erodibility (K) value based on soil series

%Cl %Sl %Sand

Group Soil Series - R Texture Erodibili
22 Sri Thon(St) 153 337 51  Loam 0.35
29 Pak Chong(Pc) 745 215 4 Clay 0.15
29 Ban Chong(Bg) 47.7 20.2 32.1 Clay 0.15
31  Wang Hai(Wi) 344 43 22.6  Clay loam 0.36
35 Dan Sai(Ds) 23.1 205 56.4 Sandyclayloam (.20
40 Pak Thong Chai (Ptc) - - - Loamy sand 0.05
44  Chan Tuk(Cu) 6.2 7.8 86 Loamy sand 0.05
47  Muak Lek (ML) 58.3 26 15.7 Clay 0.15
Li(Li) 43,5 46.4 10.1 Silty Clay 0.27
48  Wangnam Khieo - - - Loamy sand 0.05
(WK)
52  Takhli (Tk) 255 448 29.7 Loam 0.35
55  Wang Saphung(Ws) 404 27.3 32.3 Clay 0.15
56  Phon Ngarm(Png) 119 16.1 72 Sandy loam  0.26
Bo Thai(Bo) 79 17.2 749 Sandyloam 0.26
62  Slope Complex(SC)* n.a. n.a. n.a. n.a. (Tag)le 4-
- Urban n.a. n.a. n.a. n.a. 0
Settlements(U) n.a. n.a. n.a. n.a. 0
- Water bodies(W) n.a. n.a. n.a. n.a.

0
- Rocky surfaces(RK) n.a. n.a. n.a. n.a. 0
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Table4-5K values based on major rock types of each of gwdogjical formations

Symbol Formation K Major Rocks Remarks

Jpw Phra Wihan 0.29 Sedimentary and metamorphous Most

Jpk Phu Kradung 0.29 Sedimentary and metamorphousformations

P Unnamed 0.29 Sedimentary and metamorphous Were

P2 Unnamed 0.29 Sedimentary and metamorphouginnamed as

P3 Unnamed  0.29 Sedimentary and metamorphoughe database

PTRan Andesite 0.13 Igneous was not

PTRrh  Rhyolitic 0.13 Igneous f°”'.‘a"y

Qa Quaternary  0.37 Alluvial deposit, gravel, sand, published.
slit and clay.

TRgr Granite 0.13 Igneous

TRgrl  Granitel 0.13 Igneous

TRgr2  Granite2 0.13Igneous

TRgr3  Granite3 0.13Igneous

Trhl Huai Hin Lat 0.29 Sedimentary and metamorphous

The convert function from features to raster oftigph@nalyst has been used

to convert the vector attribute k to raster at 3t size. It resulted to the generation

of K-factor map (Figure 4-5).
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4.4 Slopelength and steepnessfactor, LS

441 Concept

Slope length has been broadly defined as the distitom the point of origin
of overland flow to the point where either the €lapradient decreases enough that
deposition begins or the flow is concentrated ideéined channel (Wischmeier and
Smith, 1978). The specific effects of topographysoil erosion are estimated by the
dimensionless LS factor as the product of the slepgth (L) and slope steepness (S).
Although the LS factor is usually either estimatednanually calculated from actual
field measurements of slope length and steepnestodal conservation planning
purposes, labor-intensive field measurements amerg#y not feasible for modeling
soil erosion at significantly larger spatial scald®wadays with newly developed
procedures of geographic information system (G&hmology, users can generate
raster grids of the LS factor for various site @uderizations and landscape ecology
applications. The LS factor can be estimated frioenREM.

Generally as hill slope length or hill slope gradigncrease, soil loss
increases. As hill slope length increases, totdllees and soil loss per unit area
increase due to the progressive accumulation afffumthe down slope direction. As
the hill slope gradient increases, the velocity arasivity of runoff increases.

4.4.2 Methodology and processing

Here, the digital topographic contours with 20 neiaal initially obtained
from Royal Thai Survey Department (RTSD) at scate5D,000 have been utilized.
Digital topographic contours were then interpolatet raster DEM using topo to

raster interpolator function of ArcGIS (Appendix &fer which slope in degree unit
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was calculated using ArcGIS. For preparing the &&dr layer from digital elevation
model, the revised equation was used for the sisdgllows:

(a) Slope length factor,

L=(n22.13)", (4)
Where, m is a variable slope-length exponent edlgb the ratiof of rill
erosion (caused by flow) to interrill erosion (mmipally caused by raindrop impact)
by the following equation (Fostet al., 1977):
M=p/(+p) and (5)
B can be computed from (McCoetlal., 1989) as
B = (Sirp/0.0896)/(3.0(Sif)°*+0.56) (6)
(b) Steepness factogis computed from (McCoddt al., 1987)
S = (10.8SiA+0.03) for slope < 9% (7)
S = (16.8Sif-0.5) for slope> 9% (8)
Where,
A = Slope length (cell size in meters),
0 = slope gradient map (degree)

ILWIS 3.4 software (Open source from http://wwwidvworg) has been used
for factor map calculations as it has many usentily functions. The main advantage
in using ILWIS software is attributed in havii@egrad function, which returns a
value in radians, often used in combination witiganometric functions, and
simplifies trigonometric raster map calculations.also has an IFF functions for
solving the slope steepness factor satisfying thpespercent critical limit of 9%

condition, which is equivalent to 4.05 degree angle
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The final grid was evaluated to ensure that tha datl parameters supplied to
the software result a realistic value. The valuethe slope length and the steepness
factor (from 0.0301 to 12.02) generated as shovthemabove Figure 4-6 lies with the
limits of the values originally calculated and gebed in Wischmeier and Smith
(1978) and Renard al. (1997). The LS grid map thus had good confiddagel for

further carrying out the thesis work.
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Figure 4-6 USLE LS-grid map

45 Vegetative cover and field support practice factor, C and P

4.5.1 Methodology and processing
The general procedure for generating C and P fantgs from land use and

land cover map from Landsat imageries is depiatdeigure 4-7.
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Landsat-5 TM 2000 Landsat-5 TM 2008
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Figure 4-7 Procedures of obtaining C and P-factor maps

T Two dates of Landsat-5 TM in year 2000 and 20fspectively have been
used for land use and cover mappiSgnce Landsat-5 TM image can be visually
analyzed using only three bands at one time (asdigo red, green, and blue), the
three-band combination that had the greatest amourtriance within the scene

(Nield et al., 2007) by calculating the Optimum Index Factangkn, 2005) can be
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used. The OIF technique simplifies that selectigngbantitative evolution of the
scene statistics and avoids the time-consumingisafal analysis process of large
numbers of potential R-G-B combinations.

The algorithm used to compose OIF for any subséhrefe bands from the 20
three-band combinations that can be made from &nd® of Landsat TM data (not

including the thermal-infrared band) is given by:

OIF = Z =) ©)

Where, s« is the standard deviation for bakdand
rj is the absolute value of the correlation coeffitieatween any two
of the three bands being evaluated (Ongsomwang,)200
Both supervised and unsupervised classification ptemented by various
collateral sources like previous land use maps @bl photographs have been
carried. The numbers of reference points for aayuessessments were calculated

from:

_ BIL(1-TI,)
b’

N
(10)
Where, IT; = ith class that has the proportion closest to 50%
b, = desired precision for the class
B = upper @/K) x 100 percentile of the chi squagé)(distribution with

1 degree of freedom

k = number of classes.
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Stratified random design method was used for peidistribution in each class
as each land use and land cover class gets eqaatelof reference points for
checking. The discrete multivariate techniques were more @pmate because
remotely sensed data are discrete rather thanncmnis and are also binomially or
multinomially distributed rather than normally dibtuted (Congalton and Green,
1999). The overall accuracy and kappa statisticevuesed to report the assessment.
The overall accuracy incorporated only the majagdnal and excluded the omission
and commission errors. Conversely, K computatiocoiporated the off-diagonal
elements as a product of the row and column madrgiimerefore, depending on the
amount of error included in the matrix, these may agree (Ongsomwang, 2007).
The assessment is carried using ortho-photographarid use land cover map 2000
and used land use map 2007 of LDD and ground trgti 2008 for land use map
2008. Theoverall accuracy of the classification map is determined by divglitne
total correct pixels (sum of the major diagonal)tbg total number of pixels in the
error matrix (), which is an estimate of Kappa is given by:

k k
ND % =D (%, xX,;)
i=1

i=1

Kk
NZ_Z(XH Xx+j)
i=1

>

Where,
k is the number of rows (land-cover classes) inntlagrix;
Xij is the number of the observation in row i and calym
% is the marginal totals for row i;
%; Is the marginal totals for column j;

N is the total number of observations.
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45.2. Vegetative cover C-factor map

The C factor is perhaps the most important USLEofalbecause it represents
conditions that can be managed most easily to eeéugsion. The C factor is used
with both the USLE and the Revised USLE (RUSLE)eaftect the effect of cropping
and management practices on erosion rates, anteigattor used most often to
compare the relative impacts of management optarsonservation plans (Renaetd
al., 1997).

The C-factor values set by LDD (2000) for the vasiovwegetation cover types
have been assigned accordingly as shown in Table 4-

Table 4-6 Vegetative cover (C) and field support practicg (P

Land Cover Class C Value P Value Remarks
Dry evergreen 0.019 0.1 *Cvalue of 0.502 was
Mixed deciduous 0.048 1.0 used for land use map
Plantations 0.088 1.0 2000 as the field crop
Orchards 0.15 10 Was mainly corn.
Paddy 028 01 Since several field
crops were grown and
Grassland 0.015 1.0 Jand use has changed
Field crops 0.502/0.6* 1.0 in 2008, value of 0.60
Urban 0 0.0 Was applied.
Water bodies 0 0.0

Figure 4-8 and Figure 4-9 shows the C factor mapwo years respectively.
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4.5.3 Field support practice P-factor map

The support practice factor, P is the soil-lossoratith a specific support
practice to the corresponding soil loss with up-dodn slope tillage (Renamt al.,
1997). The value of P for individual map unit iziaby determined according to the
conservation practices obtained from the fieldThmiland the value for P has not
been established for all agricultural cover typerseet for paddy. For no practice,
maximum values of 1 were assigned. The values Rif@ different classes used are
as given below as according to LDD (2000) is predidn Table 4-6. P factor raster

grid maps were obtained as shown in Figure 4-10Raguate 4-11 respectively.
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Support practice (P). 2008
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4.6 Sediment yield

The bulk of the eroded material is deposited armediate locations, if the
surface runoff cannot transport. However, somehef $ediment eroded from the
source can reach the nearest stream channel (Bhadted Dutta, 2006), which is
expected to reach the basin outlet. However, setiyield can be only estimated by
SDR (sediment delivery ratio). It is computed as thtio of sediment yield at the
watershed outlet (point of interest) to gross enoén the entire watershed.

Since eroded sediments are produced from diffesentrces distributed
throughout a basin, sediment delivery processeasih scale have to be modeled by
a spatially distributed approach (Ferro and MindLal®95). It is to be noted that it

can be affected by a number of factors includirdjreent source, texture, nearness to
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the main stream, channel density, basin area, slepgth, land use/land cover, and
rainfall-runoff factors (Kinnell, 2004). One suclibB was proposed by Tirat al.
(1992) quoted in (Fistikoglu and Harmancioglu, 20fa the specific watershed area
has been used. It is written as:

PR = exp*sY (11)
Where, k = manning’s roughness coefficient that varies Watid cover;

S=slope in degree;

L = length of the flow path between each cell andwhéershed outlet
in metres. The manning’s roughness coefficientesfior the land use and land cover
classes are tabulated in Table 4-7. Its value dhescrthe relative resistance (or
easiness) of soil transportation by runoff. Forregke, soil will be easily washed
away by runoff more in agricultural field crops @se(0.035) than in dry evergreen
forest (0.40). Low value indicates less resistdrgad to transportation by runoff and

vice-versa.

Table 4-7Manning’s roughness coefficient for land covena@ansri, 2007)

Land use and land cover class Manning’s roughnesgefficient

Corn/Field crops 0.045/0.035
Mixed deciduous 0.30
Dry evergreen 0.40
Grassland 0.24
Orchards 0.15
Paddy 0.10
Plantations 0.30
Urban 0.01

Water bodies 0.033




CHAPTER V

RESULTSAND DISCUSSIONS

5.1 Land useand land cover assessment in 2000 and 2008

511 Land useand land cover map 2000

Geo-corrected 7-band Landsat-5 TM (Appendix G) aeguon %' February,
2000 and originally obtained from GISTDA has besad: Six bands: 1, 2, 3, 4, 5 and
7 have been layer stack and made into a compaogite/as subset.

The band selection was achieved by OIF techniqeeodlingly, band 1, 4 and
5 was found to have the highest OIF value, secoltdwed by band 1, 5 and 7 and
third by band 4, 5 and 7 as shown in Appendix Her€&fore, band 1, 4 and 5 was
taken as the best choice for the study. While agsggband 5 to red, band 4 to green
and band 1 to blue, it has been observed thatstwesay easy to recognize the details
for classification.

Since supervised generally yielded a good resultldes number of classes,
emphasis has been given to it. Five major clast&nd use and cover classes were
initially classified. They are: dry evergreen, mixdeciduous, orchards/plantations,
field crops and water bodies. Statistics, histograstatter-plots and contingency
matrix were evaluated and found to be satisfactory carrying out the work.
Histograms were tried to be normally distributede though as a matter of fact, it is

difficult and challenging tasks especially whilagsifying remote sensing imageries
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for less number of classes as they generally comtaire spectral values. To get an
impression and satisfaction, the accuracy assessmas carried using ortho-

photographs in the same year using 100 (Appendsample reference points. The
distribution is shown in Figure 5-1. The overalta@cy resulted 83.00% and kappa

statistic value of 0.7875 (78.75%) as shown in Aplbe J.

Reference points distributions, 2000
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Figure 5-1 Reference points distribution for LULC, 2000

Once the evaluations were found to be satisfadmryurther carrying out the
work, the above mentioned land use and land cowee vemoothened and then
converted into vector format. Once in the vectasian, the boundary delineation for
all the land use and cover mapping have been usadthe previous land use map of

2007 published at scale 1 : 25,000 by LDD. Visuaterpretation, practical
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knowledge, experience and the theoretical backgrdwad been utilized during this
phase of edition.

Orchards class was separated from the plantati@ss @as they could not be
classified separately as they have almost the sagmatures in winter season but
have different vegetative cover factor values. Atab, since the area has major part
of it as grassland, it has been added as new flassland use 2007 (LDD) and
edited. Paddy and urban classes were imported fnemand use map published in
2007. Final land use and land cover map 2000 wawrshn Figure 5-2 and acreage

of each land use and land cover in 2000 was sumathim Table 5-1.

Table 5-1 Acreage of land use and land cover classes in 2000

Land use and land cover Sg. Km
. Field crops 363.9
. Mixed deciduous 30.1

. Dry evergreen 172.1
. Grassland 50.0

. Orchards 64.5

. Paddy 2.3

. Plantations 64.3

. Urban 26.5

. Water bodies 12.2

©O© 00 ~NO Ol WDN
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5.1.2 Land useand land cover map 2008

Similar approach as that was applied for 2000 wss ased while mapping
the land use and cover map using Landsat-5 TM 286€@uired on 30 march, 2008).
The best band combination by OIF was found to belldg 4 and 5 similar with that
of Landsat-5 TM 2000 is shown in Appendix K. The slasses classified were dry
evergreen, mixed deciduous/plantations, orcharels, ¢rops1, field crops2 and water
bodies. Mixed deciduous class was later separated the plantations class as they
could not be classified separately due to sameasiga but have different vegetative
cover factor values. Accuracy assessment by grouutking with an aid of land use
map 2007 (LDD) has been carried out for 100 (Appehdl sample reference points

with similar methodology (Figure 5-3).
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57

The overall accuracy was 89% with kappa value 8107 (86.77%) as shown
in Appendix M. The boundary delineation for eacassl was also used from the land
use map 2007 published at 1 : 25000. The reasomsfog the same land use map of
2007 for delineating the boundaries of both the $na2000 and 2008 was attributed
to the fact that the preparation of land use m&p/2tave taken in fiscal year 2004-
2005. Thus, it lies nearly between year 2000 ar@B28nd the probability of change
in both the year is assumed to be nearly same anichal. Meaning that it is not so
new for year 2008 and not so old for year 2000 @rding to the conclusion of good
compromise. Final land use and land cover map 2088 shown in Figure 5-4 and
acreage of each land use and land cover in 2008 swasnarized in Table 5-2.
Another important thing is that the visit to fiekdter mapping for verification and
then incorporating corrections has proved the béitg of the map. Such editing has

been incorporated after the field visit to avoid blunders in the study.

Table 5-2 Acreage of land use and land cover classes in 2008

Land use and land cover (S9. Km)
1. Field crops 340.9
2. Mixed deciduous 30.0
3. Dry evergreen 170.6
4. Grassland 54.1
5. Orchards 81.0
6. Paddy 2.3
7. Plantations 69.2
8. Urban 26.5
9. Water bodies 11.2
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In addition, some selected field pictures of mdpnd use and land cover

classes can be seen in shown in Appendix N
5.2 Land useand land cover change from 2000 to 2008

In the span of eight years, each class has undergfuemge from 2000 to 2008.
Figure 5-5 shows the spatial locations of land arse& land cover changes from 2000
to 2008 using post classification technique. Thangity of each change is as shown

in Table 5-3.

Land use and land cover change from 2000 to 2008
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The change indicated as “others” can mean changay@ossible other eight
land use and land cover classes. The numbers uastt ilegend to denote are as

below:
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. Field crops

. Mixed deciduous
. Dry evergreen

. Grassland

. Orchards

. Paddy

. Plantations

. Urban

. Water bodies

© 00 NO Ol WDN -

Based on changes in Table 5-3, the status of chang@08 for each class is
discussed below:

e From field crops (1) to (grassland, orchards, @aons and water bodies):
It shows that some awareness program on imporiafie&d resource and the natural
environment has been conveyed to the people franctimcerned authorities. The
result will surely have positive impact in contiodj soil erosion problem in the study
area. It indicated that the agricultural area heenbdecreased by (23 Sg. Km) in 2008
compared to 2000.

e Mixed deciduous (2) to water bodies: It can be ghanthere is no change
to other classes but only a small portions to wiateties.

e Dry evergreen (3) to (plantations and water bodi#sinight be due to
disturbance of dry evergreen forests that its Aesabeen changed to plantations and
water bodies by small portions and decreased b$d.Km.

e Grassland (4) to water bodies: Although this claas imported from land
use map 2007 (LDD), however some editing usingaliguterpretations were carried
since some changes was expected and it was foumavoincreased by 4.1 Sg. Km

in 2008 from 2000.
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e Orchards (5) to water bodies: The plantations awtiavds classes could
not be differentiated separately in 2000. Howetee, differentiation between these
two was possible in 2008. This gave less chandg® (§g. km) but while integrating
changes with other classes; it has increased X6.Ki18 in 2008.

e Plantations (6) to water bodies: Only a small portivas changed and
generally found to have increased by 4.9 Sq. Km.

e Paddy (7) (No change): There is no change of apsarage for paddy
class as they were exported from the LDD land ud@72and left unedited as
described earlier.

e Urban (8) (No change): There is no change of ameerage for urban
class as they were exported from the LDD land ud@72and left unedited as
described earlier.

e Water bodies (9) to (dry evergreen, mixed deciduotshards, plantations
and grassland): Although the water bodies were sthsind assumed to have null
erosion, still then conversion to other classea gositive sign of reclaiming land,
which has already been covered by water bodiesthnaeason could be, in 2000
there was huge amount of rainfall as compared 6y Zhd the area of water bodies

have decreased by 1.00 Sq. Km in 2008.



Table5-3 Land use and land cover change from 2000 to 2008

Area (Sg. Km) 2008
2000 Field Mixed Dry Grassland Orchards Paddylantations Urban Water Grand
crops deciduous evergreen bodies Total
Field crops 339.8 0 0 4.4 16.7 0 1.2 0 1.8 363.9
Mixed 0 30.0 0 0 0 0 0 0 0.1 30.1
deciduous
Dry evergreen 0 0 170.4 0 0 0 1.6 0 0.1 172.1
Grassland 0 0 0 49.6 0 0 0 0 0.4 50.0
Orchards 0 0 0 0 64.3 0 0 0 0.2 64.5
Paddy 0 0 0 0 0 2.3 0 0 0 2.3
Plantations 0 0 0 0 0 0 64.2 0 0.1 64.3
Urban 0 0 0 0 0 0 0 26.5 0 26.5
Water bodies 11 0.04 0.2 0.1 0.03 0 2.2 0 8.5 12.2
Grand Total 340.9 30.04 170.6 54.1 81.0 2.3 69.2 26.5 11.2 785.7

29
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5.3 Soil lossresults

The five grid (30 m) factor maps after verificatibave been overlaid using the
raster GIS function and the final soil loss gridonlaus obtained has been reclassified
using manual method into 5 classes each definiegdédgree of severity by rating
score with areas affected and percentages. Thelossil was rated and given the

descriptions using the international standard asvehn Table 5-4.

Table5-4 Soil loss in 2000 and 2008

Severity L oss Rate 2000 2008 Descriptions
Class (t/haly) Sq. Km % Sg.Km %
1 <6.25 366.55 46.85 390.07 49.86 Very low
2 6.26-31.25 220.61 28.20 210.78 26.94 Low
3 31.26-125.00 150.59 19.25 139.54 17.84 Moderate
4 125.01-625.00 44.43 5.68 41.84 5.35 Severe
5 > 625.00 0.15 0.02 0.12 0.02 Very severe

The study obtained an average soil loss of 31.4th&dyear in the year 2000
with minimum of 0.014 ton/ha/year and maximum o82& ton/hal/year. The sum of
all the actual soil loss was 25,378,115.86 torthéwatershed but it should be clearly
understood that all these figures will not be atdereach down streams due to
deposition on the way due to various barriers. fimoff may not be so strong to
further transport the eroded soils. The soil Ipsgerityin the year 2000 ishown in

Figure 5-6.
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The erosion rate of year 2000 was compared with dhastudy carried by
Chandraprabha (2002) of Asian Institute of Techgglowhich has obtained an
average erosion rate of 20.21 ton/halyear in tineesstudy area. The present study
which obtained an average of 31.48 ton/ha/yeaeeabwith the earlier results in the
same area. However, it has been noted that theod@tigies used were bit different
for erodibility factor K and the distributions andmber of rainfall stations used were
different too.

Similarly, the study obtained an average soil lade of 29.46 ton/halyear in
year 2008 with minimum of 0.014 ton/ha/year and imaxn of 914.61 ton/ha/year.

The sum of all the actual soil loss in the watedsivas 23,722,216.2¢00NS. The

result indicated that the amount of soil loss wasemin year 2000 as the rainfall
more. The soil losamountin the year 2008 ishown in Figure 5-7. Solil loss in year
2008 could not be compared separately since theata for comparison but it lies

in reasonable limit with erosion rate of 29.46 taiyear.

Furthermore, the field verification, which proveaetreliability of results of
applying the model, is shown in Figure 5-8. Theatan on the map for thevéry
severe” was identified and visited on the ground was fdto be a severe rill erosion
process, which has affected the land. It was faionble a gentle sloppy agricultural

land, where the texture type is silty clay.
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In addition, the status of soil loss severity chabgtween 2000 and 2008 was
calculated as shown in Table 5-5. From the tablean be observed that the severity
of soil loss has undergone changes from one sgwdass to another. It can be seen
that these severity changes have both positivenagdtive impacts. Meaning is that
when the severity has changed from low to highereke of severity, there is negative
impact of erosion either on agricultural land owviesnmental degradation. If the
magnitude of severity has changed from severe wg tben it can have positive
impact. The details of impacts of severity changesldepicted in Figure 5-9 and are

described in the following sections.
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Table 5-5 Soil loss severity changed in two years in areas

Area (Sg. Km) 2008
2000 VeryLow  Low Moderate Severe Verysevere Grand
Total

Very Low 362.95 2.92 0.60 0.08 0.00 366.54
Low 21.71 195.79 3.10 0.00 0.00 220.59
Moderate 4.66 10.94 133.68 1.30 0.00 150.58
Severe 0.70 1.12 2.15 40.45 0.00 44.43
Very severe 0.02 0.00 0.00 0.01 0.12 0.15
Grand Total 390.04 210.76 13953 41.84 0.12 782.29

The text (number) used for the legend in Figurefér®doth the year are as follows:

1. Very low K 6.25 ton/halyear)

2. Low (6.26-31.25 ton/hal/year)

3. Moderate (31.26-125.00 ton/halyear)
4. Severe (125.01-625.00 ton/halyear)
5. Very severe (> 625.00 ton/hal/year)

For example, legendl%” it can be interpreted as change from “Fryiery low
in 2000 toVery severein 2008”, which can have negative impact. Similarigers can

be interpreted too.
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5.4 Identification of spatial soil lossdistribution

Once the soil loss distribution maps have beenimdxda it will have to be used
by the land planners or developers and true uratedstg and interpretation of soill
loss map is must for them. Therefore, some basjaired interpretation of soil loss
map is done here.

The soil loss severity will be in those spatialdtians, where there is less or no
canopy cover, with high rainfall and steep slopesvith clay loam soils. The very
severe locations on the map indicate the areashigtinsoil loss rates leading to land
degradation where water and soil conservation nieasare required and to develop
preliminary basin management strategies. Thesditosacan also mean the areas
adversely affected by erosion process or sourceeffosion. If it is in agricultural
context, these areas are locations where the coptly and yield will be less.

On the contrary, the very low eroded locations lo@ map indicate the areas
with low soil loss rates. These spatial locations the areas where the vegetation

cover could be good enough for providing maximuwtgetion from rainfall impact.
5.5 Theeffect of land use and land cover on soil loss

The only sustainable solution in preserving thédifand resource intact is by
growing more and more plantations and orchardshen dgricultural land and by
keeping the forest undegradékthe importance of land use and land cover if other
factors are held constant is described herewittand use and land cover map is the
determining factor in modeling the soil erosion qass. Vegetative cover plays a
crucial role as erosion is significantly reducedlemthick cover. As the protective

canopy of the land cover increases, the erosioartdazecreases (Mkhonta, 2000). It
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protects the soil against the action of raindrapseases the power of infiltration and
also reduces the speed of surface runoff. As lahdha land cover is unbroken,
despite great erosive rainfall or steep slope rtmeff will still be maintained small.

In the following sections, more evaluations on dods severity classes and the
corresponding contributions from each land use land cover classes is shown in

Table 5-6 and Table 5-7 for two years respectively.

The contribution percentages of each land use and tover classes was
obtained after overlaying the land use maps orstildoss maps for respective years.
It clearly indicates the dependency of soil losdamml cover types and it can be found
that soil loss has occurred mostly in agricultuaads (field crops) whereas the soil

loss is relatively lower in dry evergreen, paddy gnasslands.



Table 5-6 Soil loss severity and amount of corresponding laseland land cover types in percentages and 2008)(

Area(Sg. Km) Soil loss severity class 2000

L UL C 2000 Very low L ow Moder ate Severe Very severe

Sq. Km % Sg.Km % Sg. Km % S9.Km % Sq.Km %

Field crops 49.86 13.63 146.97 66.53 125.73 83.17 41.04 93.32 0.12 87.48
Mixed 10.20 47.36 16.15 0.23 313 0.19 054 0.18 0.00 0.51
Deciduous
Dry Evergreen 173.23 10.06 0.52 3.87 028 219 0.08 2.82 0.00 9.72
Grassland 36.79 2.79 856 7.31 330 207 124 1.22 0.01 153
Orchard 26.22 7.17 27.81 12.59 9.70 642 064 145 0.00 0.07
Paddy 2.23 0.61 0.07 0.03 0.02 0.01 0.00 0.00 0.00 0.00
Plantations 30.47 8.33 19.79 8.96 835 552 026 0.60 0.00 0.00
Urban 25.20 6.89 0.70 0.32 046 030 014 0.32 0.00 0.69
Water Bodies 11.57 3.16 0.34 0.16 0.19 0.13 0.04 0.09 0.00 0.00
Grand Total 365.76 100.00 220.91 100.00 151.17 100.00 43.98 100.00 0.13 100.00

ZL



Table 5-7 Soil loss severity and amount of corresponding laseland land cover types in percentages and 2008)(

Area (Sg. Km) Soil loss severity class 2008

LULC 2008 Very low L ow Moder ate Severe Very severe
Sg. Km % S9.Km % S9.Km % S9.Km % Sq.Km %

Field Crops 46.75 12.00 134.01 63.53 118.08 84.42 38.74 9343 0.09 82.74

Mixed 1264 3.24 17.02 8.07 2.27 1.62 0.49 1.19 0.00 2.00
deciduous

Dry 184.78 47.43 0.56 0.26 0.33 0.24 0.09 0.21 0.00 0.41
Evergreen

Grassland 41.59 10.67 7.70 3.65 3.42 2.44 1.28 3.08 0.01 10.54
Orchards 3749 9.62 3345 15.86 9.40 6.72 0.52 1.27 0.00 0.00
Paddy 223 057 0.07 0.03 0.02 0.01 0.00 0.00 0.00 0.00

Plantations 2852 732 1698 805 566 405 015 036 0.00 0.00

Urban 25.27 6.48 0.66 0.31 0.43 0.31 0.13 0.32 0.00 0.23
Water 10.35 2.66 0.48 0.23 0.25 0.18 0.06 0.14 0.00 4.09
Grand 389.62 100.00 210.92 100.00 139.86 100.00 41.47 100.00 0.11 100.00
Total

€L
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5.6 Sediment yield in 2000 and 2008

The SDR in the present study was based on land cslope and length of flow
path (Appendix O) of the study area. It is sitec#ipe and assumed to be accurate.
SDR calculation gave the true expected values ngnigom 0 to 1. The two important
SDR values were “0” and “1”. When SDR value equd@s it indicates that the
eroded soil materials were not transported by rfuiofcontrary, when SDR equals
“1”, the whole amounts of eroded materials wereiaes] to be transported by runoff.
Previous study showed that SDR value increased cbope along stream channels.
Similarly, the present study obtained the sameltresushown in Figure 5-10 and
Figure 5-11 in 2000 and 2008. It can be observatttie level of yield was highest
when the SDR value ranged from 0.85 to 1.00 andstimll the soil eroded are
suppose to be transported to downstream but intyaalis not as they can get
deposited on stream or river beds. The preseny stiathined more yield downstream
as upslope eroded soil could not be reached dogarmatdue to long flow path length
of which they must have got deposited on the waywreMexplanation of the

exponential function of SDR and descriptions amvjaled in Appendix P.
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Sediment delivery ratio (SDR). 2008
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Figure5-11 SDR map of study area, 2008

The sediment yield in two years is shown in FigGré2 and Figure 5-13

respectively. The average yield in 2000 was 12084hia/year with minimum of 0.014



76

ton/ha/year and maximum of 923.26 ton/ha/year ammogito 10,374,472.94ons in
the watershedin 2008, the average yield was 12.03 ton/ha/ya#r minimum of
0.014 ton/ha/year and maximum of 914.61 ton/ha/yaounting to 9,722,786.67
tons in the watershedrhe figures showed the location of potential sesrgor
contributing yield in two years, which was assun@dhave reached in the reservoir

however it is not.
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Figure 5-12 Sediment yield map, 2000

One such evidence from the field verification i®wh in the Figure 5-14. It
clearly indicated that the sediments which wereum®esl to have reached at the

watershed outlet got deposited on stream banks.
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CHAPTER VI

CONCLUSIONSAND RECOMMENDATIONS

6.1 Conclusions

The integration of RS/GIS technology with USLE mandssible to assess the
land erosion process in the area. Having seenretioaion as one main type of agent
has affected the land; it should not be seen a&ndnn itself. In this context, the need
of reclaiming going-to-be and degraded land tgisductivity capacity is must. All
the land users and officials dealing these isshesld be more practical in resolving
this problem. Otherwise, if the current trend i®wkd to continue, the consequences
will go from very bad to worse in the near fututeis because, the agricultural
systems is the only source of income for the pecofiey kept on growing various
field crops for sustaining their daily lives, whibls increased the amount of soil loss.
In addition to this, the area is undulating withadinhills, where the soils detached by
rain drops impact can be reached to stream chaunesiasily.

It was observed that in many parts of the studg,atree soils have become thin
and stony. There are signs of rill and gullies tluerosion process. It was deeply felt
that the concerned officials of royal governmeigfuiee great effort for improving the
land resource in the area and to familiarize tmenéas about the likeliness of hazard
of excessive loss of soiControl of erosion is required to protect agrictdtuland

from damage and to prevent the sedimentation ofsdamd reservoirs.
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The cloud free Landsat-5 TM imageries in 2000 a®82 provided by
GISTDA were main source of land use and land covagpping for two years. Due to
growth phrenology, it has been difficult to clagsé#s land cover classes had same
signature. However, Landsat imagery was found Bla@tdor land use and cover
mapping at watershed level due to its seamlesdaagd area coverage when cloud-
free. The soil, rainfall and geologic data as madagnd documented by concerned
agencies like LDD, RID and DMR were of good quafiy carrying out this research
task.

In the span of eight years, each class of lancandeland cover has undergone
changes to 2008 from 200These changes in land use land cover classes were
observed to have great impact on soil loss amdun&.soil loss change map indicated
both increase and decrease rates. Moderate, sandrevery severe classes were
emphasized for the conservation purposes. Whenuaadnd land cover maps were
overlaid on the erosion severity maps, it was fothrad agricultural field crops were
more sensitive to erosion process than any otresses. It could also mean that
agricultural field crops were mostly affected bp®on process. The lowest affected
was found in dry evergreen, paddy fields and gaasks|

The sediment yield based on the site specific SAR generated. The SDR
calculation was based on land cover, slope and flatk length from the point to the

watershed outlet.
6.2 Recommendationsand futureimprovements

Soil conservation is the only solution s@l once lost, it is not easily replaced

The meaning of conservation can be understood afurtber wasting of resources,
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inputs and labours and also reducing the amousbibferosion and maintaining soil
fertility. It can be achieved by reducing the spaed amount of water running off,
and keeping enough vegetation to protect the swihse and to bindnost valuable
upper layer of soil together. Without soil conséiaa measures, this precious soll
that took thousands of years to develop can blowash away in a matter of days or
even minutes. Loss of topsoil will make fields metsceptible to drought, and cause
farmers to rely more heavily on commercial ferglig.

It is always wise on government’s part to providamimal help to farmers
especially falling in severe erosion and criticahes and locations. Farmers cannot
afford to have expensive control measures to probecsoil from erosion. However,
it is still good to propose and instill a senseahservation awareness to farmers.

Generally and many times the land resource has toesad mostly degraded
in agricultural land use system. By preventing lalegradation through measures of
conservation, farmers will be benefitted in ternig/ield (Stocking and Murnaghan,
2000). It is therefore, the following section preps and recommends

1) Some attainable and economically viable measurespfotecting the
limited natural soil resource and

2) Discusses the limitations of the present studythed recommend its need
for future improvement.

6.2.1 Field conservation recommendations

Residue Management: Although, some management about the residue after
the harvests haven practiced, some emphases andamge on it has to be explained
to farmers. Leaving the residues on the field aftervests will revitalize the soll

fertility and also help protect soil to wash awaydsosion process.
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Crop Rotation: The crop calendar depicts that land fallowingmaftarvest for
several months, which is the main concern asnitaking more susceptible to erosion.
Therefore, crop rotation can be a good solutiominimizing the erosion risk. Other
economical crops, which can be grown in the arealséo be studied well and grown
during the off season of maize (corn).

Riparian (Strip) Buffers: Small portion of land is recommended to grow or
to leave undisturbed especially as strips on tbepsi agricultural lands. This will
prevent soil to be carried away easily by rainslalso recommended to have such
buffers between agricultural land and the rivencies.

Minimized Tillage: More awareness by concerned authorities on negati
impact of tillage along the slope is recommendeithdugh, practice of some tillage
across slopes has been visible now in the fieldielver more has to be done from the
government agricultural extension officers for iemplentations. Minimized tillage is
also recommended as soil mixture will be less amadtars drown tillage is not
recommended although it might not be feasible withventional methods.

Planned Grazing Systems: It is highly recommended to have planned grazing
systems and let the cattle graze on in the desdnalices and not to let them linger
and grass as they like.

Terracing and Contouring: These are some of the main economical
conservations practices generally followed. Howdwgitding terraces may often be
proved expensive for farmers, but if done, the &k will be minimal. Similarly,

contouring if practiced will also reduce the so#$ from the plot.
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Plantations and Orchards: more and more growth of forest plantations and
orchards like mango, custard apple, teak, eucatypta recommended. The erosion
problem will be less on these types of land useesys

Since construction of physical measures involvegehamount of money, it
has been not brought to issue.

6.2.2 Limitationsand recommendations of the study

It is well-understood that the models satisfying tisers’ requirements, which
are reliable and having the characteristics of ensial applicability with minimum
amount of input factors, should be taken into U$® data requirements should not be
too complex to understand, which will lead to fgulesults. Since USLE satisfies
most of the characteristics of being good model highly recommended to use. Its
reliability was also based on thousands of expartaieesearches world-wide.

The accuracy of soil loss estimation using USLE ettels solely on input
factors. Therefore, if regional factors of soil @om are substituted by local factors, it
will yield more precise results.

While processing for rainfall-runoff erosivity, should be noted that it fulfills
the purpose of the study whether it is site-speaiii regional. In the developed
countries like USA, the daily 30 minute rainfalltensity has been taken into
consideration using automatic and sophisticatedygmuHowever, in the developing
countries such data are not easily available. thésefore as a last resort, regression
equations, which were based on hourly or daily fedinrhas to be used. These
equations are normally developed by some respansiffices of the region.
However, it should be cautioned that these equsi@wa based on some span time of

rainfall data, which are either seasonal or anmDate should be taken as it has been
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found that nowadays, there are dozens of regregsjoations. Others may be global
or regional regression equations. They should bed umccordingly to serve the
purpose of the study. If site specific or localresgion equation is available and if can
be developed, it is highly recommended as it caldygjood result. The non-uniform
distribution of rainfall stations created uneveterpolation and there is need for more
rain stations to densify and to represent the gwodivity value.

Although, there are means and ways to obtain eitdgilvalue, the most
important thing to remember while assigning theddmtity is to understand the
texture classes clearly (the percentages of cliyfiese sands) etc. Sometimes even
in the main primary soil data, soil texture types eonfusedly described. Of the 12
standard textural classesandy loams and loamy sands were often mixed and
confused even by the high profile researches. T$tendtion between the two should
be noted as they have very high difference in &ibyi values. For example, the
erodibility value for sandy loam and loamy sandNrtheastern Thailand is 0.26 and
0.05 respectively (LDD, 2000). If mistaken, therdl \we greater error in the soil loss
result. The use of new unpublished geologic dataadtsome limitations of having
some unnamed names of the geological formationstlamdrodibility values were
assigned based on major rock types present.

For slope length and steepness, hectic field measents were carried before
when there was no technology. Nowadays, there @eus equations derived for it
and with the availability of many techniques, DEBIsd RS/GIS platforms, it is an
easy task. However, it is highly recommended tothsemost appropriate equation.
While processing, efficient softwares have to bedudLWIS 3.4 software (Open

Source from http://www.ilwis.org) for slope lengthd steepness factor computations
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is highly recommended. It providdsgrad functions, which returns a value in radians
and often used in combination with trigonometricndtions and simplifies
trigonometric raster map calculations. It also hasIFF functions for solving the
slope steepness factor satisfying the slope percetital limit of 9% condition,
which is equivalent to 4.05 degree angle.

The value for vegetative cover for each land ugpe tyas been set by Land
Development Department (LDD, 2000). However, mathydiges have brought up
wrong values. From the practical experience, it bendeducted that the canopy
covers for plantations, orchards, deciduous forestthe year 2000 would be less
whereas, canopy covers have grown big in year 2Bf@8vever, the limitation of
using the same C- value irrespective of canopy rsofge the same type of land use
and cover type for two years, the erosion rateredg will however remain same for
each year. It is recommended that the value seh&y DD has to be used as the
standard but more researches on it are also reluiteo, many studies have wrongly
assigned a value of “1” for both C and P for wdiedies and urban settlements. It
should be assigned “0” as vegetative cover and @tpactice terminology cannot
be applied to these kinds of surfaces where erasiaatually assumed to be null.

More studies on site specific SDR is requiredhes gresent study could not
went to its depth study.

GIS, is currently the only means by which soil lestimation can be made at
a catchment or watershed scale due to its abditjmodify input parameters at ease.
GIS therefore, allows soil loss estimation, preglgdimited to erosion plot studies,
to be extended to a watershed scale and from dduder data-poor areas. The result

is beneficial to decision-makers and conservattenis that a conservation strategy
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can be developed (Dennis, B. G., 2004). Thereftgeise for soil erosion assessment
is recommended by all the GIS and other experts.

Similarly, RS is also the backbone while asses&rggion, without which
there will be no land use and land cover mapsighédr resolution satellite imageries
area available, it is always recommended. For nmaplaind use and land cover maps

at watershed level for erosion assessment, Lamdsaery is sufficient.
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APPENDIX A

INVERSE DISTANCE WEIGHTED METHOD OF

INTERPOLATION

The main logic used in IDW interpolation is basedfiotndamental geographic
principle. The things that are closer together tenide more alike than things that are
farther apart. For example, when trying to build gtevation surface, we can assume
that the sample values closest to the predictication will be similar. The sample
number required will vary with the amount and dimsttion of the sample points and
the character of the surface. If the elevation damare relatively evenly distributed
and the surface characteristics do not changefisignily across the landscape, the

predicted surface values from nearby points wiltdssonable accurate.

To predict a value for any unmeasured location, IBMW use the measured
values surrounding the prediction location. Thoseasared values closest to the
prediction location will have more influence on thredicted value than those farther
away. Thus, IDW assumes that each measured positahbcal influence that
diminishes with distance. It weights the pointsseloto the prediction location greater
than those farther away, hence the name inverdands weightedThe general

formula is:
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Z (%) is the value we are trying to predict for locat®nN is the number of
measured sample points surrounding the predicboation that will be used in the
prediction;); are the weights assigned to each measured pahivi are going to
use. These weights will decrease with distanceZ{sllis the observed value at the
locations;

The formula to determine the weights is the follogvi

. v
A=dF il(fu g"' =1,

As the distance becomes larger, the weight is iy a factor op. The quantity
dio is the distance between the prediction locati®n,and each of the measured
locations s

The power parameteqy influences the weighting of the measured location’s
value on the prediction location’s value; thatas,the distance increases between the
measured sample locations and the prediction mtathe weight (or influence) that
the measured point will have on the prediction widcrease exponentially. The
weights for the measured locations that will bedusethe prediction are scaled so

that their sum is equal to 1.
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APPENDIX B

SOIL ERODIBILITY NOMOGRAPH

4]
\l
& ' Iy
- %o 8 UdoiBOoWoN Jojon4 M, 108 318N
dBs By Pl - -
e \mt .
- s 2 LA TR St e maat M e R R ool
\v\\q\ o = ] n,..u.,..,ff(
77 \.._.\1.\..._...:. =3 Dn - o< T~ F/ — Om
d < . 33 w o LY
oy A ] 2] S ._/ . .
e A o' 2 oz| ~ ™ 1y (Wwo'2-010) 08
E.Equiz%ﬁh o 2 . “,_ /,f aNvVS IN3oN3d
4 ry .\.._ 3
Y " 0 \} \ '\ 8
\\\1.\\“\ ._._'r Dm 0 _r..r..a J_.__ ‘_1 Oh.m
r A | s ) oy T SR, [ D" A -
Fa & ! .& S - N ./f . =35
\\ L.._\ : s ._h Om.. or 4] - Y _/frw./ _,/J. \\\M“\!\\..H.\..\\\ “
\\w._. 3" H _\\ u_. ~ HOIE Il K\ e 095
£ \\\x i A0 1 /,”_ o - ..\\ <
L g ! ¥
\....._\. .\ 1 m \\\\\\ oz D_m;..r/_r:;L i “\ m_
(1 ; or SHESRES 05 <
e e u .-.nw_m._..-é...-.....-. :--..--.T.\K...u.... ] i :/,V w
AL m 1 I 2 /] //)./ S Dvm
L4 o ] \ -~ Ve -/ r/ i o
A g y NI
Rk - ] z s \ e N PR
# S0 o oL oy O¢
At 2 v o \ Z SN
# a A T
\.\\\ \..__. mﬂm > Fx \.\ \ nﬁ....:/_....fV \ f/ 02
€21 3unLonuis Tos * 4 re 4 N
| g 4 0=NO% o £
Ly &, rd \\ /
Fa papssomw do Kyed Ayaerq -y 09 - 06 3
\__._w\ ’ is|Auosl BRIBE3 J8 PRW - y 0l
.._.. .\.\ iphuBsl Buig -2 1
A sonueab wuyy Aisa LI ol q\. \\ 0




APPENDIX C

USDA SOIL TEXTURE TRIANGLE
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APPENDIX D

SOIL TEXTURES

Soil texture is a soil property used to describe thlative proportion of
different grain sizes of mineral particles in alsdihe smallest particles amay
particles as having diameters of less than 0.002 Tim next smallest particles are
glit particles and have diameters between 0.002 mm 0ad8 mm. The largest
particles aresand particles and are larger than 0.05 mm in diamdtarthermore,
large sand particles can be describedc@sse, intermediate asnedium, and the

smaller agine (Brown, 2000).

Classifications are typically named for the primaonstituent particle size or
a combination of the most abundant particles sies,‘sandy clay” or “silty clay.” A
fourth term, loam, is used to describe a roughlyaégoncentration of sand, silt, and
clay, and lends to the naming of even more clasgibns, e.g. “clay loam” or “silt

loam” (Brown, 2000).

A brief description of each texture type has bemvipged to understand the
basics of classification and to differentiate eeletss more easily:
Clay: Clay is the finest textured of all the soil clessClay usually forms extremely
hard clods or lumps when dry and is extremely gtankd plastic when wet.
Silt: Silt is similar to silt loam but contains eversdesand and clay. Silt-sized
particles are somewhat plastic, and casts can beetb that will bear careful

handling.
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Sands: Sands are loose and single-grained (that is,aggtegated together). Each
individual sand grain is of sufficient size that#@n easily be seen and felt.

Loam: Loam is soil material that is medium-texturediekels as though it contains a
relatively even mixture of sand, silt, and claytmdes. Loam tends to be rather soft
and friable.

Silty Clay: Silty clay is quite smooth, very sticky and verastic when wet, and
forms very hard aggregates when dry.

Sandy Clay: Sandy clay is somewhat similar to silty clay, butontains much more
sand and less silt.

Clay Loam: Clay loam consists of soil material having thesimeven distribution of
sand, silt, and clay of any of the soil texturadgs.

Silt Loam: Silt loam has rather small amounts of sand aag eind is composed
mostly of silt-sized particles.

Sandy Loams. Sandy loams consist of soil materials contairstomewhat less sand,
and more silt plus clay, than loamy sands.

L oamy Sands:. Loamy sands consist of soil materials contairmfep0% sand, 0-30%
silt, and 0-15% clay. As such, they resemble samdikat they are loose and single-
grained, and most individual grains can be seerfelhd

Silty Clay Loam: This soil material resembles clay loam in cohegvoperties, but
possesses more silt and less sand and thus héeasmooth feel.

Sandy Clay Loam: Soil having this texture consists of materialsosé behavior is

dominated by sand and clay.



APPENDIX E

GEOLOGICAL ROCK TYPES

Geology is the study of earth structure and rocld farmation is a rock unit
that is distinctive enough in appearance that ggst® can differentiate it apart from
the surrounding rock layers. Three general roclesypre briefly discussed in the
following sections in order to understand the gk@mmf major geologic rock types

used in this study.

Igneous rocks are produced by the crystallization and solidifma of molten
magma. Magma forms when rock is heated to high éeatpres beneath the earth's
surface. Most of the heat required to melt rock imtagma comes from the Earth's
central internal region known as the core. Somé¢hese plumes melt through the
Earth's solid lithosphere and can produce intruglvelow) igneous features and
extrusive igneous features on the earth’s surfatigusive igneous rocks such as
diorite, gabbro, granite and pegmatite that sofidiielow Earth's surface; and
Extrusive igneous rocks such as andesite, basalt, obsidian, pumice, teyalind

scoria that solidify on or above earth's surface.

Metamor phic Rocks are the alteration of existing rocks by eitheressive
heat or pressure, or through the chemical actidiumfs causing chemical changes or
structural modification to the minerals making ine trock. Rocks begin to change
chemically at temperatures above 200° Celsiushése¢ temperatures, the minerals in

the rock are broken down and transformed usingewdifft combinations of the
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available elementand compounds. As a result, new minerals are aeathe
metamorphic process stops when the temperaturesnaelsigh enough (600 to 1200°
Celsius) to cause complete melting of the rockotks are heated to the point where

they become magma, the magma when cooled createigneous rocks.
There are two basic types of metamorphic rocks:

al) foliated metamorphic rocks such as gneiss, phyllite, schist and slate
which have a layered or banded appearance thabdsiped by exposure to heat and
directed pressure; and aBpn-foliated metamorphic rocks such as marble and

guartzite which do not have a layered or bande@amce.

Sedimentary rocks are formed by the accumulation of sediments. Theee
three basic types of sedimentary rocks: Klastic sedimentary rocks such as
breccia, conglomerate, sandstone and shale, tletfamed from mechanical
weathering debris; b2fhemical sedimentary rocks such as rock salt and some
limestones, that form when dissolved materials iprete from solution; and b3)
Organic sedimentary rocks such as coal and some limestones which form figen t
accumulation of plant or animal debris. Most seditagy rocks are formed by the
lithification of weathered rock debris that has rbeghysically transported and
deposited. During the transport process, the pestithat make up these rocks often

become rounded due to abrasion or can become hsghtigd.



APPENDIX F

TOPO TO RASTER INTERPOLATION

Topo to Raster is a specialized tool for creatigdrblogically correct raster
surfaces from vector data of terrain component$ sigcelevation points and contour
lines. Contours were originally the most commonhmodtfor storage and presentation
of elevation information. The disadvantage lieshie under-sampling of information
between contours, especially in areas of low rellefis also the only ArcGIS

interpolator specifically designed to work intedliggfly with contour inputs.

At the beginning of the interpolation process, Topd&aster uses information
inherent to the contours to build a generalizedndige model. After the general
morphology of the surface has been determined,oocordata is also used in the
interpolation of elevation values at each cell. Whhe contour data is used to
interpolate elevation information, all contour data read and generalized. A
maximum of 50 data points are read from these cwatwithin each cell. At the final

resolution, only one critical point is used for eaell.



APPENDIX G

LANDSAT SPACE MISSIONS

The National Aeronautics and Space AdministratidASA) embarked on an
initiative to develop and launch the first Earthmtoring satellite to meet the needs
of resource managers and Earth scientists. Theyeiregy used to support a wide
range of applications in such areas as global ahaegearch, agriculture, forestry,
geology, resources management, geography, mappwagter quality, and
oceanography. The types of changes that can bdifidéninclude agricultural
development, deforestation, natural disasters,nization, and the development and
degradation of water resources. Background infaonatind status of Landsat

satellites is provided below in the table.

Satellite Launched Decommissioned | Sensors Agency

Landsat1 | July 23,1972 January 6, 1973 MSS/ RB970s ( NASA)

Landsat2 | Jan 22,1975 February 25, 1982 MSS/ RBY83 (NOAA)

Landsat 3 | Mar5, 1978 March 31, 1983 MSS/ RB1885(Space Imaging

Landsat 4 | Julyl6, 1982 June 15, 2001 TM/ M$KUSGS)

Landsat5 | Mar 1, 1984 TM operational TM/ MSE(USGS)

Landsat6 | Oct5, 1993 Didn’t achieve eTM

Landsat 7 | Apr 19,1999 Operational eTM+
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Landsats 5 carry both the MSS and the TM sensoosvever, routine
collection of MSS data was terminated in late 19B8% satellites orbit at an altitude
of 705 km and provide &6-day, 233-orbit cycle. These satellites also weagied
and operated to collect data over a 185-km swatk. Wwavelength range for the TM
sensor is from the visible, through the mid-IR,oirthe thermal-IR portion of the
electromagnetic spectrum. Spectral range of baspdgijal resolution and applications

of each band of Landsat-5 TM are:

Bands Wavelength Ceéll size Applications

(um) (m)

Band1 0.45-0.52 30 Penetrates water for bathymetricpimgpalong
coastal areas and is useful for soil-vegetation
differentiation and for distinguishing forest

types.

Band2 0.52-0.60 30 Detects green reflectance from healt
vegetation.

Band3 0.63-0.69 30 Designed for detecting chlorophlgBaption in
vegetation.

Band4 0.76-0.90 30 Ideal for detecting near-IR reflaca peaks in
healthy green vegetation and for detecting
water-land interfaces.

Band5 1.55-1.75 30 Crop drought detection; plant-vigor
determination and in differentiating between
clouds, ground ice, and snow. Because of the
high absorption of water in this region, water-
land delineation and the measurement of soil
moisture content shortly after rain.

Band 6 10.40 - 120 Designed to assist in thermal mapping, and is
used for soil moisture and vegetation studies.

12.50

Band 7 2.08 -2.35 30 Useful for vegetation and soil meiststudies
and for discriminating between rock and mineral

types.




APPENDIX H

BAND SELECTION BY OIF FOR LANDSAT-5TM 2000

Corr B1 B2 B3 B4 B5 B7 Std.
Deviation

Bl 1 0.99403 0.96403 0.96930 0.94589 0.91041 35.38501
B2 099403 1 0.98433 0.96196 0.96695 0.94082 15.75374
B3 0.96403 0.98433 1 0.91747 0.98319 0.97736 18.20277
B4 0.96930 0.96196 0.91747 1 0.92010 0.86253 31.04440
B5 0.94589 0.96695 0.98319 0.92010 1 0.98656 47.13713
B7 0.91041 0.94082 0.97736 0.86253 0.98656 1 21.75666

Band Combination SD Corr OIF Rank

145 113.56650 2.83529 40.05465 1

157 104.27880 2.84286 36.68095 2

457 99.93819 2.76919 36.08932 3

345 96.38430 2.75736 34.95528 4

135 100.7249 2.89311 34.81544 5

125 98.27588 2.90687 33.80815 6

245 93.93527 2.84901 32.97120 7

147 88.18607 2.74224 32.15841 8

134 84.63218 2.85080 29.68717 9

357 87.09656 2.94711 29.55321 10

257 84.64753 2.89433 29.24598 11

124 82.18315 2.92529 28.09402 12

235 81.09364 2.93447 27.63485 13

137 75.34444 2.8518 26.41996 14

347 71.00383 2.75736 25.75066 15

127 72.89541 2.84526 25.61995 16

247 68.55480 2.76531 24.79100 17

123 69.34152 2.94239 23.56639 18

234 65.00091 2.86376 22.69775 19

237 55.71316 2.90251 19.194820
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L1ST OF REFERENCE POINTS, 2000

Ref pointsID Easting Northing Classcode Ref code

1 794700 1596448 F2 F2
2 791850 1615048 F5 A2
3 801175 1594573 F5 F5
4 779800 1604748 F2 F2
5 789975 1597623 F2 F2
6 779900 1609248 A2 A2
7 792175 1588423 F1 F1
8 795975 1591698 F2 F2
9 799450 1595548 A2 F2
10 805900 1606273 F1 F1
11 792450 1607673 F2 F2
12 788225 1611298 A2 A2
13 795600 1607598 A2 A2
14 778850 1603173 F2 A2
15 788975 1608898 F2 F2
16 779800 1599923 F1 F1
17 799050 1611373 F1 F1
18 794550 1587948 F1 F1
19 804450 1595523 F2 F2
20 798200 1588648 F2 F1
21 795025 1594548 F2 F2
22 780675 1602798 F2 F2
23 785500 1605498 A2 A2
24 796900 1605473 A2 A2
25 787550 1597148 F2 F1
26 792325 1608598 F5 F5
27 808475 1596948 F2 A2
28 797700 1612773 F1 F1
29 783675 1604998 F2 F2
30 784775 1595548 F1 F1
31 794400 1599098 F2 F2
32 792750 1600598 F2 F2
33 809475 1596948 F2 F2




35
36
37
38
39
40
41
42
43

45
46
47
48
49
50
51
52
53

55
56
57
58
59
60
61
62
63

65
66
67
68
69
70
71
72
73
74
75
76

797400
800700
796700
797125
791025
792025
794150
799900
804925
799575
771025
788475
794925
793525
784075
794750
802800
784850
803325
791150
797825
781450
796875
792875
784500
797400
786000
783950
782550
788250
791475
778400
801225
782425
792325
768500
799000
795550
799350
787175
796825
786400
791300

1607723
1593148
1597448
1594223
1614148
1591273
1618098
1594323
1602473
1594248
1597448
1612998
1610723
1592773
1597373
1593023
1599223
1597248
1593498
1611573
1614298
1608648
1613898
1598198
1613173
1592823
1610998
1607998
1609423
1616748
1596348
1597823
1597473
1597373
1586948
1600648
1601073
1584623
1604848
1608248
1611573
1602898
1597348

F2
F2
F2
A2
F5

F5
F5
F1
F5
F1
F5
F5
A2
F1
F5
A2
F1
A2
F5
F1
F5
F1
A2
A2
F5
A2
A2
F5
F5
A2
F1
F1
F1
F1
F1
A2
F1
A2
F5
F1
A2
A2

F2
F2
F2
A2
F5

F5
A2
F2
F5
F1
F5
F2
A2
F1
F5
F2
F1
A2
F5
F1
F5
F1
A2
F2
F5
A2
A2
A2
A2
A2
F1
F2
F1
F1
F1
A2
F1
A2
F2
F1
A2
A2
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77
78
79
80
81
82
83

85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100

801775
788975
788400
799425
793800
792275
800025
801350
801775
800425
801425
795125
799575
800925
801400
792625
795175
801700
806875
799300
799000
799850
800750
799650

1602973
1606898
1603123
1608198
1616823
1592323
1608848
1608073
1609798
1608698
1608998
1615048
1605373
1608748
1609448
1591073
1615173
1609748
1595748
1608823
1606473
1608948
1609248
1605198

-
&%
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ERROR MATRIX
Reference Data

Classified Data Water | Dry Field Mixed Orchards/ | Row
bodies | evergreen crops deciduoug Plantations| Total
Water bodies 20 0 0 0 0 20
Dry evergreen 0 18 0 0 2 20
Field crops 0 0 17 0 3 20
Mixed deciduous 0 0 5 12 3 20
Orchards/PlantationsO 2 2 0 16 20
Column Total 20 20 24 12 24 100
KAPPA
ACCURACY TOTALS (K™)
Reference | Classified| Number| Producers Users
Class name totals totals correct | accuracy | accuracy
Water bodies 20 20 20 100.00% 100.00% 1
Dry evergreen 20 20 18 90.00% 90.00%  0.875
Field crops 24 20 17 70.83% 85.00%  0.8026
Mixed deciduous| 12 20 12 100.00% 60.00%  0.5455
Orchards/
Plantations 24 20 16 66.67% 80.00%  0.7368
Totals 100 100 83

Overall Classification Accuracy = 83.00%

Overall Kappa = 0.7875
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APPENDIX K

BAND SELECTION BY OIF FOR LANDSAT-5TM 2008

Corr Bl B2 B3 B4 B5 B7 Std Deviation
B1 1 0.99169 0.95108 0.96405 0.95735 0.91647 42.30054
B2 0.99169 1 0.97991 0.94448 0.97587 0.94914 21.12726
B3 0.95108 0.97991 1 0.87438 0.98158 0.98234 26.19915
B4 0.96405 0.94448 0.87438 1 0.90144 0.83149 40.50037
B5 0.95735 0.97587 0.98158 0.9014 1 0.98493 69.91199
B7 0.91647 0.94914 0.98234 0.83149 0.98493 1 33.43266

Band Combination SD Corr OIF Rank

145 152.7129 2.822855 54.09875 1

457 143.845 2.717867 52.92571 2

157 145.6452 2.858770 50.94681 3

345 136.6115 2.757401 49.54357 4

135 138.4117 2.884317 4798769 5

245 131.5396 2.821801 46.61548 6

125 133.3398 2.906407 45.87788 7

357 129.5438 2.948862 43.93009 8

147 116.2336 2.712024 42.85860 9

257 124.4719 2.909953 42.77454 10

235 117.2384 2.937368 39.91274 11

134 109.0001 2.789517 39.07488 12

347 100.1322 2.688220 37.24850 13

124 103.9282 2.900229 35.83447 14

137 101.9323 2.849906 35.76692 15

127 96.86045 2.857309 33.89919 16

247 95.06029 2.725118 34.88300 17

234 87.82678 2.798775 31.38043 18

123 89.62695 2.922682 30.66600 19

237 80.75907 2.911401 27.73890 20




APPENDIX L

L1ST OF REFERENCE POINTS, 2008

Ref_pointsID Easting Northing Classcode Ref code

1 793600 1612223 A4 A4
2 809075 1601773 F1 F1
3 796650 1593873 A2 A2
4 784450 1603873 A4 A4
5 791200 1614823 A2 A2
6 795425 1586023 F1 F1
7 808850 1598923 A2 A2
8 785925 1592898 F1 F1
9 782925 1602198 A4 A4
10 787950 1598373 A4 A4
11 799775 1602998 A4 A4
12 786550 1603873 A4 A4
13 799000 1609648 A4 F1
14 795450 1608998 F5 F5
15 797525 1599298 A4 A4
16 802550 1598773 A2 A2
17 795625 1586148 F1 F1
18 791850 1593523 A4 A4
19 795650 1608098 A2 A2
20 808050 1597473 A4 A4
21 797900 1590823 A2 A2
22 794475 1589148 A4 A4
23 799500 1604023 A4 A4
24 808825 1598823 A4 A4
25 793475 1614348 A2 A2
26 794375 1604023 A2 A2
27 786550 1605848 F5 A4
28 798650 1594473 A4 A4
29 791975 1598798 A4 A4
30 797850 1596623 A4 A4
31 788625 1607723 A2 A2
32 796775 1614673 F5 F5
33 793975 1608448 F5 F5




35
36
37
38
39
40
41
42
43

45
46
47
48
49
50
51
52
53

55
56
57
58
59
60
61
62
63

65
66
67
68
69
70
71
72
73
74
75
76

779175
773800
803450
791875
804550
793850
797775
777625
790625
802225
788700
789025
800800
791550
777600
797125
790100
803550
797375
798075
773725
782625
770300
808575
769275
796300
808175
800625
799575
793850
812375
795275
778000
798850
783725
793500
796625
794025
807975
795200
808850
785275
789950

1607998
1598648
1605873
1589173
1591473
1596198
1604548
1603548
1591898
1590473
1603973
1603323
1600023
1588623
1604223
1594123
1591248
1607898
1602823
1610798
1600398
1599098
1599423
1600873
1598898
1617973
1593173
1604898
1596148
1605023
1599173
1585773
1605923
1604073
1610198
1605098
1608923
1615873
1594948
1598623
1593523
1612273
1617873

A4
F1
A2
F5
A2
A2
A4
A2
A2
F5
A2
A2
A2
F1
A2
A2
F1
F1
F5
F1
F1
F1
F1
F1
F1
F1
F5
F5

F1
F1
F1
F5
F5
F5
F5
F5
F5
F5
A2

F5
A2

A4
F1
A2
F5
A2
A2
A4
A2
A2
A2
A2
A2
A2
F1
A2
A2
F5
F1
A2
F1
F1
F1
F1
F1
F1
F1
F5
F5

F1
F5
F1
A4
F5
A2
F5
F5
A2
F5
A2
A2
F5
A2
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77
78
79
80
81
82
83

85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100

795750
794625
794125
801225
796950
777900
795225
798075
795625
803550
800925
800425
796425
778750
794900
799325
806400
792525
797300
793500
800950
808200
793550
795625

1599098
1600223
1597773
1608098
1600073
1604573
1598623
1602773
1589423
1604748
1608823
1609298
1600548
1608123
1600798
1608723
1597148
1591098
1609548
1618623
1596798
1593023
1596698
1599573

TR
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ERROR MATRIX
Reference Data

Mixed
Dry Field | Field | Mixed | Water | deciduous/| Row

Classified Data | evergreen cropsl| crops2| orchards| bodies | Plantationg Total
Dry evergreen 16 0 0 0 0 2 18
Field cropsl 0 18 0 0 0 0 18
Field crops2 1 0 14 0 0 0 15
Mixed orchards 1 0 0 17 0 0 18
Water bodies @ 1 0 0 13 0 14
Mixed
deciduous/
Plantations 0 2 2 2 0 11 17
Column Total 18 21 16 19 13 13 100
ACCURACY TOTALS

(K™M)

Reference | Classified| Number | Producers| Users

Class name totals totals correct | accuracy | accuracy
Dry evergreen 18 18 16 88.89%| 88.89%]| 0.864
Field cropsl 21 18 18 85.71%| 100.00% 1
Field crops2 16 15 14 87.50%| 93.33%)| 0.920
Mixed orchards 19 18 17 89.47%| 94.44%| 0.931
Water bodies 13 14 13| 100.00%| 92.86%| 0.917
Mixed deciduous/
Plantations 13 17 11 84.62%| 64.71%)| 0.594
Totals 100 100 89
Overall Classification Accuracy = 89.00% Overall Kappa 3

0.8677
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APPENDIX N

SOME FIELD PICTURES OF THE STUDY AREA

Everareen fore Permanent eucalyptus plantations

B
.

Mango orchard £ '} Ecanomic eug

No construction awareneg

Velocity & sUspéndéﬁf
‘measurement at M




APPENDIX O

MEASURING SLOPE AND FLOW IN GIS

Slope is used to describe the steepness, incliadjant, or grade of a straight
line. A higher slope value indicates a steepeiineciThe slope is defined as the ratio
of the “rise” divided by the “run” between two ptsron a line. The Slope function in
GIS softwares calculates the maximum rate of chénege@een each cell and its eight
neighbors. Every cell in the output raster hapeshalue. The lower the slope value,
the flatter the terrain and higher the slope valbe,steeper is the terrain. The output
slope raster can be calculated as percent of slopegree of slope. The gradient of
slopes is calculated from a 3 x 3 cell window aratris method assigns a weight of
2 to four immediate neighbours and 1 to cornerscellhis 3 x 3 window is
successively moved over the map to give the devivaiope. In the figure below, the
neighbours are identified as letters fraahtb ', with € representing the cell for

which the slope is being calculated.

a b =
d e f
g h i

The rate of change in the x direction for célis calculated with the algorithm:

Ax=[dz/dx] = ((c + 2f +1i) - (a + 2d + g) / (8 * debize)
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The rate of change in the y direction for cellis calculated with the following
algorithm:
Ay=[dz/dy] = ((g + 2h +i) - (a + 2b + ¢)) / (8 * kesize)

The basic algorithm used to calculate the slope is:

slope (degrees) = ATANV(([AX]” + [Ay]?) ) * 57.29578

The sink of the DEM will have to be filled to makiee water flow. Water
cannot flow across grid cells that contain a sid&pfession). A sink is usually an
incorrect value lower than the values of its sundiogs. The creation of flow-
direction GRID establishes the flow direction oéegpest descent from each cell,
which is calculated as: Change in z-value / disgant00. If all neighbours are higher
than the processing cell, it will be consideredseoffilled to the lowest value of its

neighbours and have flow direction towards this. cel

olofofofo]o
ol1f1]z]z2]0
ols|7]s[4]0
ololofz2]0]1
olofo]1]za]o0
Direction Coding i I I )

A flow accumulation function creates a new GRIDttBhows number of
cumulative increase in upstream cells that conteiwater to the main basin. In the
figure above, flow direction and accumulation i©wh indicating number of cell

flowing to the processing cell.



APPENDIX P
EXPLANATION OF EXPONENT FUNCTION IN SDR

EQUATIONS

Theexponential function is a function in mathematics. The applicationhos t
function to a value is written asexp(x). Equivalently, this can be written in the form
€, wheree is a mathematical constant, the base of the ddagarithm, which equals
approximately 2.718281828, and is also known agfsuhumber. The exponential
function is nearly flat (climbing slowly) for negeg¢ values ofx, climbs quickly for
positive values ok, and equals 1 whexis equal to 0. Ity value always equals the
slope at that point. As a function of theal variablex, the graph ofy = € is always
positive (above th& axis) and increasing (viewed left-to-right). ltvee touches th&

axis, although it gets arbitrarily close to it.

(1, e)
(0, 1)

Exponential function for negative x is defined b)XFE (-x) = €, where e is the

constant 2.718.



For example:

e To find the value o

-0.94
2

« Have to find the row with x = 0.9

¢ Then find the column 4, the number inside the isgll.39.
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X 0.00|1.00{200 |3.00 |4.00 |5.00]6.00 [7.00(8.00 |9.00
0.00 ]1.00]0.99]0.98 [ 0.97 | 0.96[ 0.9p0.94 | 0.93 0.92 | 0.91
0.10 ]0.90]0.90|0.89 [ 0.88 | 0.87 0.860.85 | 0.84] 0.84 [ 0.83
020 ]0.8110.81]0.80 [ 0.79 | 0.79[ 0.780.77 | 0.76/ 0.76 | 0.75
0.30 ]0.7410.73]0.73 | 0.72 | 0.71f 0.7p0.70 | 0.69 0.68 | 0.68
040 |0.67]0.66/0.66 [ 0.65 | 0.64[ 0.640.63 | 0.63] 0.62 | 0.61
050 ]0.61]0.60]0.59 [ 0.59 [ 0.58 0.580.57 | 0.57] 0.56 [ 0.55
0.60 ]0.55]0.54]0.54 [ 0.53 [ 0.53[ 0.5P0.52 | 0.51) 0.51 | 0.50
0.70 ]0.5010.49]0.49 | 0.48 | 0.48[ 0.4/0.47 | 0.46 0.46 | 0.45
0.80 ]0.4510.4410.44 | 0.44 | 0.43[ 0.4p0.42 | 0.4210.41 | 0.41
090 (0.41]0.40{0.40 | 0.39 [ 0.39] 0.3p0.38 | 0.38 0.38 | 0.37

Similarly, for SDR = exp™=" described in chapter IV, mainly when the flow

length increases, the product value of K, S anendtto increase. But when “-”

(negative) sign and base e value were taken intsideration, the value of SDR

decreases and tends to near “0”. However, wherptbéuct value reaches near to

“0”, the SDR value increases tends to “1”. Thishis reason why the value of SDR is

greater down slope near watershed outlet as ifowasl in chapter V.



CURRICULUM VITAE

Mr. Ugyen Thinley was born on May 05, 1976 in Guyunder Pemagatshel
district, Bhutan. He received his Bachelor's Degigae Science in 2001 from
Sherubtse College affiliated to Delhi Universityftek graduation, he was employed
erstwhile in Department of Survey and Land Recomdgistry of Agriculture,
Thimphu. In the same year, he was sent to Hyderdbdt for undergoing surveying
engineering course. In 2003, he completed engimgesnd since then worked as
Surveying Engineer in National Land Commission blugn prior to his completion
of M. Sc. degree in Geo-informatics from Suranatéaversity of Technology,

Nakhon Ratchasima, Thailand.



