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ABSTRACT

The objective of the investigation was to apply fuzzy logic technique to
drought risk identification in Buriram province.

The standard criteria were utilized including meteorological data, soil
characteristics, topographical data, and hydrological/hydro-geological data, which
influenced the occurrence of drought phenomena. Experts were requested to classify
the significant score of primary factors (criteria/weighting) and secondary factors
(factor/rating). All the above data and factors were then analyzed with fuzzy logic and
potential surface analysis (PSA). The areas were divided into three categories high,
moderate and low potential for drought risk values. Results from both methods were
subsequently compared with drought-area data surveyed by the Department of Land
Development in 2006, in order to compare the effectiveness of the fuzzy logic
technique with PSA.

The results of the fuzzy logic technique found that the high potential areas for
drought were approximately about 8,780.44 km? or 85.14%. The moderate potential

areas for drought were approximately about 1,532.45 km? or 14.86 %. And the PSA
results for drought risk identification found that the high potential areas for drought
were approximately about 1,664.93 km? or 16.14 %. The moderate potential areas for
drought were approximately about 8,097.45 km? or 78.52%. The low potential areas

for drought were approximately about 550.51 km? or 5.34 % of the total area.

The drought area identified by Department of Land Development was then
compare with the output of drought risk identification area from both mentioned
procedures and the accuracy, assessed by the Kappa index method. The fuzzy logic
technique revealed the percentages of accuracy, which is 0.75. At the same time, PSA
demonstrated the percentage of accuracy, which is 0.47. The accuracy of the fuzzy
logic technique was superior to PSA.
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CHAPTER |
INTRODUCTION

1.1 Background Justification

Drought is a natural phenomenon that causes the depleting conditions of water
supplies. It can cause several undesirable effects both direct and indirect ways called
drought disaster. The depleting of water supplies, the transpiration of plant and the
evaporation of soil moisture are drought disasters which directly affect to the failure
of crops, lead to the decrease in agricultural production and natural vegetation and
also indirectly affect to the industry, economic and social.

Particularly, in the most expanding drought area of Thailand such as North-
East region, drought disaster always plays a major role. There are many causes of
drought disasters which occur in North-East region. They are such as the insufficiency
and dispersal of rainfall, the abnormal long period of insufficient rainfall, the shortage
of sources for collecting water, the in competency of soil for holding water and the
shallow of water source that makes water flow rapidly to river and sea. Buriram is a
province in North-East region of Thailand which has been affected from drought
disasters. Because the 86.48 percents of land use’s pattern in Buriram were
agriculture (1), so the agricultural losses from drought disaster were large. In addition,
drought disaster not only affected to the agricultural losses, but also affected to
economic and social of the agriculturist. These affects included jobless problem,
famine problem, emigration problem and the waste of governmental expenditure.
Thus, the planning and management on natural resources and environment was
necessary for lessening these affects.

Nowadays, Geographic Information System (GIS) has been brought as applied
use for planning and managing on natural resources and environment. Potential
Surface Analysis (PSA) was an analysis technique often used for this purpose by
using Sieve Analysis plus the systematic mathematics value for evaluating the
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potential of area to develop for any activities. In analytical process of Potential
Surface Analysis (PSA), the data would be operated by combining related factors
together to find the appropriate site for a certain activity which corresponded to the
target. The data detail of each related factors would be defined in large scale and the
weighting value would defined in the same direction. For example with the case of
water source factor, the distance from water source had been defined into 0-1
kilometer and more than 1-2 kilometers. From this illustration, the specification of the
distance defined as integer values might cause the inaccuracy of the analytical data
process. Because the integer values might not be fine enough for analyzing.

Artificial Intelligence (Al) was one of many alternatives that could be applied
to use for avoiding this problem. It could be applied to utilize in many fields such as
the use of Artificial Intelligence (Al) in flood area prediction, the use of the fuzzy
logic technique for laying down the city plan and so on. Thus, the researcher did have
an idea to apply the fuzzy logic technique to use for classifying drought risk area.
Because it could specify each data of related factors as real number values which was
more accurate than as the integer values (from Potential Surface Analysis (PSA)) and
it would consider the relationship of the related factor to use for classifying drought
risk area. For example with the case of water source factor, Potential Surface Analysis
(PSA) had defined the distance from the water source into 0-2 kilometers but the
fuzzy logic technique would define the distance into 0-1.75 kilometers. The
specification of data of related factors as more fine would be advantage to classify the
drought risk area.

Thus, the researcher had brought the fuzzy logic technique to use for
classifying the drought risk area in Buriram province and expected to use the fuzzy
logic technique for regulating the efficiently actions plan to support people in this

region.
1.2 Objectives
The main objectives of this research are:

1.2.1. To identify state of drought in Buriram

1.2.2. To investigate drought risk area by using fuzzy logic technique.
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1.4 Scope of Study

1.4.1 Study area
The study area is Buriram province which occupies an area of
10,312.89 km®.
1.4.2 Study issue
The classification of drought risk area in Buriram province for

advantaging on agriculture and water management.

1.5 Expected Result

1.5.1 The use of the fuzzy logic technique could identify drought risk area in
Buriram province

1.5.2 The use of the fuzzy logic technigue could identify drought risk levels
in Buriram province

1.5.3 Data from this study could provide the proper guideline to prevent the
effects from drought
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CHAPTER Il
LITERATURE REVIEWS

2.1 The meaning of droughts

A drought is a period of drier-than-normal conditions that results in water-
related problems. Precipitation (rain or snow) falls in uneven patterns across the
country. The amount of precipitation at a particular location varies from year to year
but, over a period of years, the average amount is fairly constant. In the deserts of the
Southwest, the average precipitation is less than 3 inches per year. In contrast, the
average, yearly precipitation in some parts of the Northwest is more than 150 inches.
The amount of rain and snow also varies with the seasons. In some areas, most of the
yearly precipitation falls in early spring. In the Southeast, most of the yearly
precipitation falls during the hurricane season in late summer and fall. Even if the total
amount of rainfall for a year is about average, rainfall shortages can occur during a
period when moisture is critically needed for plant growth.

When no rain or only a very small amount of rain falls, soils can dry out and
plants can die. hen rainfall is less than normal for several weeks, months, or years, the
flow of streams and rivers declines, water levels in lakes and reservoirs fall, and the
depth to water in wells increases. If dry weather persists and water-supply problems
develop, the dry period can become a drought. (2)

Drought is a normal, recurrent feature of climate. It occurs almost everywhere,
although its features vary from region to region. Defining drought is therefore difficult;
it depends on differences in regions, needs, and disciplinary perspectives. Based on
the many definitions that have appeared in the literature, for example, we might define
drought in Libya as occurring when annual rainfall is less than 180 mm, but in Bali,
drought might be considered to occur after a period of only 6 days without rain! In the

most general sense, drought originates from a deficiency of precipitation over an
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extended period of time, resulting in a water shortage for some activity, group, or

environmental sector. (3)

2.2 Causes of drought

Droughts are caused by lack of rain over a long period of time. If rain does
occur it usually isn't enough for the ground to absorb before it is evaporated again.
Plants and animals need water to survive, so if there is not enough water they will
eventually die from thirst and dehydration. Water is one of the main ingredients in the
food chain, for example: If a plant dies from lack of water then the animal that eats
that plant will also die, the cycle will then continue to die out.

Most droughts tend to occur during summer, as the weather is hot and water is
quickly evaporated. Droughts can last for years in most extreme cases. These types of
droughts effect outback properties and can devastate crops and livestock. However,
many crops are effected. If a farmer has lost his crop due to drought then he will get
no money to pay for the next seasonal crop. (4)

Desertification results from the severe drought which affects the vast areas.
However UNCOD found that the drought which contributes to climatic changes and is
responsible for little or no rain is only the secondary factor. The major factor leading

to the desertification is humans. The droughts are of three kinds. (5)

2.2.1 Meteorological drought

This type of drought occurs when there is less rainfall than usual in the
vast areas in the long period of time. This specific drought is defined by the World
Meteorological Organization (WMO) as follows:

2.2.1.1 The mean annual rainfall is 60 % less than the normal value

2.2.1.2 The drought more than two years

2.2.1.3 The area affected by drought accounts for more than 50% of the
whole area.

Given the principles above mentioned, drought affecting Thailand can

be divided into two periods; the first of which occurs during the transitional time of
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winter and summer. This phenomenon is annual. The rainfall in this period is less as
compared to the rainy season. The second period occurs from early June to July. It is a
dry spell period when the rainfall amount reduces.

Meteorological drought is used in direct relationship to precipitation
deficit determined to be approximately 85% or less of average annual rainfall.
Drought conditions may be accompanied or aggrevated by high temperatures, strong
winds, low relative humidity, greater sunshine and less cloud cover. These conditions
can be expected to bring increased evaporation and transpiration, reduced water

infiltation into soils and reduction in deep percolation and ground water recharge.

2.2.2 Hydrological drought
Conditions associated which meteorological droughts represent the
earlier sighs of drought, followed by effects of agricultural drought because plants are
highly dependent on stored soil water. Hydrological drought may be considered a
third stage in the evolution of drought conditions, evidenced by significant reduction
in surface reservoirs and drying of dams and wetlands. In these phases of drought,

livestock may be severely impacted and other sectors begin to feel the devastation.

2.2.3 Agricultural drought

It occurs when plant water demands cannot be met due to soil water
deficiency resulting from dryness caused by meteorological or hydrological drought.
In such cases plant water stress may be evidenced from reduced biomass and plant
yield. It is apparent that agricultural drought is a soil water lack resulting from less
overall rainfall and unusual rain distribution. Actual evaportransporation is higher
than potential evaportransporation. Less soil moisture leads to reduction in
underground water and surface water sources. As a result, crop products reduce.

There are three causes of drought; the first is natural; vocanic eruption
causes a vast amount of dust into the air, blocking the sunray. Consequently, the
atmosphere becomes cooler. Energy balance is changed, resulting in the change in the
world atmosphere. The second is caused by human activities; emission by the
industrial factory and deforestation. The last is due to abnormality in the summer

climate conditions. (5)
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2.3 Factors concerned with drought

The factors widely used to study drought - affected areas and desert- prone
areas are albedo, groundwater level, soil moisture, rainfall, temperature, health,
income and so on. (4) For the study to be accurated, it is necessary to use both the
physical factors of the land and the climatic conditions. Highly sensitive factors, for
example, social ones, are avoided because desertification gradually occurs. (6) For
the present study, the researcher selected the factors responsible for desertification

which were relevant with Thai environment.

2.3.1 Rainfall

Rain plays a vital role in drought or floods. Rain in Thailand can be
explained as follows. (6) and (7)

2.3.1.1 Convective rain: Warmer and lighter air floats upwards. Then
vapour is formed and rain follows. It is a short - spell rain in a narrow area mostly
occuring in the afternoon and evening. Thailand receives it almost daily from late May
to October.

2.3.1.2 Orographic rain: Floating air hits the blocking mountain. The
side which faces the wind will see more rain, while the other side of the mountain gets
less rain.

2.3.1.3 Cyclonic rain: When the wind is more concentrated in the
center of depression or of cyclone, heavy to very heavy rain is expected. On average,
Thailand experiences the cyclonic rain three to four times.

2.3.1.4 Frontal rain: This kind of rain is caused by the clash of two
airmasses. A cold airmass with higher density will carry upwards a warm airmass at a
quicker pace. In Thailand, the phenomenon takes place at the transititional time of the
season. In addition, an easterly wave can lead to rainfall. During June and July,
depression moves towards southern China. It is the time when Thailand experiences
the dry spell. There is little or no rain. If the situation grows serious, drought can be

expected.(7)
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Rainfall less than 50 millimeters per month was equivalent to drought,
the amount ranging from 50-125 millimeters per month was equivalent to less rain,
from 125.1-300 millimeters per month was moderate, from 300.1-500 millimeters per

month was heavy rain and 500 millimeters per month onwards was very heavy.

2.3.2 Temperature

Usually an arid land with less rain has a high temperature because heat
from the sun increases due to less clouds and low albedo. Day temperature
considerably varies even though the areas are not very far from one another. The day
temperature differs from the night one to a great extent. (8) Jiraporn and Chalum had
conducted a study regarding the temperature comfortable for humans. A comfortable
temperature can divided into three levels: A warm temperature was lower than 35
degree celcius. A hot temperature was between 35.1-37.5 degree celcius. A very hot
temperature was higher than 37.5 degree celcius. The study found that in Buriram, the
day temperature was hot in March and April. The temperature in other months was

warm.(9)

2.3.3 Relative humidity

The relative humidity was an indicator of water vapour present in the
atmosphere. In the dry areas, there was less relative humidity due to less rainfall. On
overage, in the dry areas, the relative humidity was not more than 60% and it changed
depending on days, time and seasons. It fluctuated with temperature. Humidity in the
air controlled water evaporation and transpiration. The areas with high humidity will
cause less water discharge by plants. Things will be the opposite, if there is less
humidity. There is no fixed criterion to divide the relative humidity. But it is not the
case with the soil humidity which can be divided into three categories ;the low soil
humidity level means a humidity level is lower than 50% , the moderate soil humidity
level is a humidity level is 50% to 75% and the high soil humidity is humidity
exceeds 75%.(6)
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2.3.4 Groundwater aquifer

The amount of groundwater aquifer present in stone layers depends on
the porosity of stone. Drought areas mainly have less groundwater aquifer due to less
rain. Earth surface will get dry when the groundwater aquifer is excessively pumped.
This type of water can be an indicator of fertility and climatic change. In the areas
with severe drought, the groundwater aquifer can be found as deep as 20 meters. The
change of the under- surface water is connected with evaporation of the surface water.
The groundwater aquifer is present in sands or saprolite or may be stored in cracks,
rifts and faults. The Mineral Resources Department's groundwater aquifer section and
the project of north - eastern water resource promotion (under Thai- Australian
cooperation). (9) conducted a study of the groundwater aquifer in Buriram and found
that the rock layers capable of holding the groundwater aquifer can be divided into
two types:

2.3.4.1 The groundwater aquifer which is existent in sediment, gravels,
sand and clay. The water is present in the space of pebble and sand. The water in this
rock layer is 20 m’/hour and in main areas, more than 20 m*/hour.The volume of the
groundwater aquifer varies with density and attributes of pebbles and sand.

2.3.4.2 The groundwater aquifer in the hard rock. Water is stored in
cracks, rifts and faulting lines, varying with the structure and types of rock. The
groundwater aquifer in the hard rock in Buriram can be distinguished as follows:

Metamorphic rock has the groundwater aquifer available in cracks and
connecting points among the rock layers in less than 2 m*/hour

The volume of groundwater aquifer is set as follows:

Volume <2 m’/hour = Groundwater aquifer is low.
Volume 2-10 m’/hour = Groundwater aquifer is moderate
Volume >10 m’/hour = Groundwater aquifer is high

2.3.5 Soil water content
Soil moisture or soil water content is one factor used in considering
desertification. The study took into account available water or available water holding
capacity. In other word, it is a water content between field capacity (FC) and

permanent wilting point (PWP). (9)
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Field capacity: FC means soil humidity remaining in the soil after
water is drained from a big space or void, or it is the maximum water content the soil
can hold in resistance to the earth's gravitational pull. The value of FC is 1/3, but it
changes, depending on soil texture. (7)

Permanent wilting point (PWP) is the soil humidity which cannot be
adequately extracted by plants. Consequently, plants start permanently wilting.
Humidity at this point is the lowest level of soil humidity which is useful to plants pr
Crops.

Available water holding capacity (AWHC) depends on soil texture.
Coarse - textured soils with substantial portions of space are good in draining but have
less capacity in holding water. Fine- textured soils with less space or void can better
hold water. Medium- textured soils are between the two. Other characteristics of the
medium- textured soils are these are many micropores as compared to the fine-
textured soils. Therefore; storage pores are less as well. (7)

Useful humidity is generally calculated in percentage as per the weight
of dry soil, or it is calculated as water depth as per soil depth. The research undertook
the latter case according to water holding potential of each soil type.

Somjet and Rodrigo conduced an analysis of the relation between soil

texture and the soil's water holding capacity, as shown in the table 2-1.(7)

Table 2-1: Soil texture and available water holding capacity

Soil texture Available water holding capacity (AWHC)
Sand 0.04
Fine Sand 0.05
Loamy Sand 0.05
Sandy Loam 0.10
Loam 0.13
Sandy Clay Loam 0.15
Silty Clay 0.15
Silt Loam 0.16
Clay Loam, Silt Clay Loam 0.20
Clay 0.18

Source : Somjet, 1981., and Rodrigo, 1998.
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The value shown in the table is used for the fine earth only. In case the
earth is mixed with gravels, AWHC value will decrease. Gravel - mixed earth is
calculated at 15-35%. But calculation uses the average value equivalent to 25%

Rodrigo calculated the soil water content by analyzing the water depth

according to the soil depth and divided it as shown in the table 2-2. (7)

Table 2-2: Soil water content and available water holding capacity.

Soil water content Total available water holding capacity (AWHC)
Very low Less than 7 cm

Low 7-14 cm

Moderate 14.1-20 cm

High More than 20 cm

Source: Rodrigo, Z1998.

2.4 Potential surface analysis: PSA

It seeks to find out the areas for activities in a systematic way. It also can
identify how much an area can be utilized or developed. It combines different methods
from potential model linear equation, sieve map design method. Its principles are:

2.4.1 It determines different factors to find out appropriate location for ac
activity which can meet the set targets and implement the policy.

2.4.2 It measures the value of the factors.

2.4.3 It sets down the value of factors in the maps.

PSA technique can be done by working out the maps of various characteristics.
Use of the areas is divided from the minimum to the maximum. Then, weighting is
added to area. In other words. If there are many limitations, the weighting is low. If
the limitations are less, the weighting is high. The overall results of factors in the area
will indicated the area potential. The area with the high weighting is highly potential
for great benefits. The techniques above mentioned can be manual or computer —

assisted. Due to GIS capability, the overlay technique is convenient and tim — anylysis.
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2.5 Fuzzy Logic

Fuzzy set theory was developed to provide an appropriate way to represent
intrinsically imprecise objects in qualitative terms within a mathematical framework.

In fuzzy set theory, element of the universe have grades of membership in a set.
This means that elements may be partial members of a set, rather than necessarily
being membership values in the interval [0,1] rather than in the set {0,1} as in
classical set theory . Fuzzy set theory is a scientifically more realistic way of
categorizing features that are not inherently discrete. (11)

Fuzzy logic provides an inference morphology that enables approximate
human reasoning capabilities to be applied to knowledge-based systems. The theory of
fuzzy logic provides a mathematical strength to capture the uncertainties associated

with human cognitive processes, such as thinking and reasoning.

Some of the essential characteristics of fuzzy logic related to the following:

1) In fuzzy logic, exact reasoning viewed as a limiting case of approximate
reasoning.

2) In fuzzy logic, knowledge interpreted as a collection of elastic or,
equivalently, fuzzy constraint on collection of variables.

3) Inference viewed as a process of propagation of elastic constraints.

4) Any logical system could be fuzzified.

The fuzzy theory could apply to environmental analysis that consists of
imprecise parameter. With the result referred to major information management
problem in scientific research as complex and ill structure. (12)

Figure 2-1 illustrates a fuzzy set classification scheme for wetlands, using
water depth criteria from several international definitions. Under classical set theory,
any area with a water table within 30 cm below to 2 m above the surface constitutes a
wetland, with areas outside those thresholds being upland or deep water, respectively.
Under fuzzy set theory, the threshold boundary between upland and wetland at 30 cm
is replaced by graded boundary, such that area with water table depth between 46 and
15 cm of the surface have a 0 — 100% probability, membership grade between 0 and 1,
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of being a wetland. Similarly, areas with 2 — 6 m of water overlying the surface also

have a membership grade between 0 and 1. (11)

True
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Figure 2-1: (a) Conventional versus (b) Fuzzy classification of wetland boundaries

Fuzzy set theory has been applied in remote sensing image analysis, and was
used with airborne Thematic Mapper imagery to classify heath vegetation in the U.K..
Fuzzy representation has potential for GIS use with attribute data as well as positional
data. Boolean algebra operations such as intersection, union and negation can be

extended easily to fuzzy set operations.

2.5.1 Fuzzy Sets
Fuzzy logic starts with the concept of a fuzzy set. A fuzzy set is a set
without a crisp, clearly defined boundary. It can contain elements with only a partial
degree of membership. To understand what a fuzzy set is, first consider what is meant
by what we might call a classical set. A classical set is a container that wholly
includes or wholly excludes any given element. For example, the set of days of the
week unquestionably includes Monday, Thursday, and Saturday. It just as

unquestionably excludes butter, liberty, and dorsal fins, and so on.
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Days of the week

Figure 2-2: Day of the week

We call this set a classical set because it’s been around for such a long
time. It was Aristotle who first formulated the Law of the Excluded Middle, which
says X must either be in set A or in set not-A. Another version runs like this. Of any
subject, one thing must be either asserted or denied.

Here is a restatement of the law with annotations: “Of any subject (say
Monday), one thing (being a day of the week) must be either asserted or denied (I
assert that Monday is a day of the week).” This law demands that opposites, the two
categories A and not-A, should between them contain the entire universe. Everything
falls into either one group or the other. There is no thing that is both a day of the week
and not a day of the week. Now consider the set of days comprising a weekend. The

diagram below is one attempt at classifying the weekend days.

Shoe Liberty
Polish
Saturday
Friday Thursday
Monday
Sunday
Dorsal
Butter Fins
Days of the weekend

Figure 2-3: Day of the weekend

Most would agree that Saturday and Sunday belong, but what about
Friday? It “feels” like a part of the weekend, but somehow it seems like it should be
technically excluded. So in the diagram above Friday tries its best to sit on the fence.
Classical or “normal” sets wouldn’t tolerate this kind of thing. Either you’re in or
you’re out. Human experience suggests something different, though: fence sitting is a

part of life.
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Of course we’re on tricky ground here, because we’re starting to take
individual perceptions and cultural background into account when we define what
constitutes the weekend. But this is exactly the point. Even the dictionary is imprecise,
defining the weekend as “the period from Friday night or Saturday to Monday
morning.” We’re entering the realm where sharp edged yes-no logic stops being
helpful. Fuzzy reasoning becomes valuable exactly when we’re talking about how
people really perceive the concept “weekend” as opposed to a simple-minded
classification useful for accounting purposes only. More than anything else, the
following statement lays the foundations for fuzzy logic.

In fuzzy logic, the truth of any statement becomes a matter of degree.

Any statement can be fuzzy. The tool that fuzzy reasoning gives is the
ability to reply to a yes-no question with a not-quite-yes-or-no answer. This is the kind
of thing that humans do all the time (think how rarely you get a straight answer to a
seemingly simple question) but it’s a rather new trick for computers.

How does it work? Reasoning in fuzzy logic is just a matter of
generalizing the familiar yes-no (Boolean) logic. If we give “true” the numerical value
of 1 and “false” the numerical value of 0, we’re saying that fuzzy logic also permits

in-between values like 0.2 and 0.7453. For instance,

Q: Is Saturday a weekend day?

A: 1 (yes, or true)

Q: Is Tuesday a weekend day?

A: 0 (no, or false)

Q: Is Friday a weekend day?

A: 0.8 (for the most part yes, but not completely)
Q: Is Sunday a weekend day?

A: 0.95 (yes, but not quite as much as Saturday).

Below on the left is a plot that shows the truth values for “weekend -
ness” if we are forced to respond with an absolute yes or no response. On the right is a
plot that shows the truth value for weekend-ness if we are allowed to respond with

fuzzy in-between values.
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Figure 2-4:(a) Days of the weekend two-valued membership

(b) Days of the weekend multivalued membership

Technically, the representation on the right is from the domain of
multivalued logic (or multivalent logic). If I ask the question “Is X a member of set
A?” the answer might be yes, no, or any one of a thousand intermediate values in
between. In other words, X might have partial membership in A. Multivalued logic
stands in direct contrast to the more familiar concept of two-valued (or bivalent yes-no)
logic. Two-valued logic has played a central role in the history of science since
Aristotle first codified it, but the time has come for it to share the stage.

To return to our example, now consider a continuous scale time plot of

weekend-ness shown below.

=
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weekend-ness
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=
=
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Figure 2-5:(a) Days of the weekend two-valued membership

(b) Days of the weekend multivalued membership

By making the plot continuous, we’re defining the degree to which any
given instant belongs in the weekend rather than an entire day. In the plot on the left,
notice that at midnight on Friday, just as the second hand sweeps past 12, the

weekend-ness truth value jumps discontinuously from 0 to 1. This is one way to
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define the weekend, and while it may be useful to an accountant, it doesn’t really
connect with our real-world experience of weekend-ness.

The plot on the right shows a smoothly varying curve that accounts for
the fact that all of Friday, and, to a small degree, parts of Thursday, partake of the
quality of weekend-ness and thus deserve partial membership in the fuzzy set of
weekend moments. The curve that defines the weekend-ness of any instant in time is a
function that maps the input space (time of the week) to the output space (weekend-
ness). Specifically it is known as a membership function. We’ll discuss this in greater
detail in the next section.

As another example of fuzzy sets, consider the question of seasons.
What season is it right now? In the northern hemisphere, summer officially begins at
the exact moment in the earth’s orbit when the North Pole is pointed most directly
toward the sun. It occurs exactly once a year, in late June. Using the astronomical
definitions for the season, we get sharp boundaries as shown on the left in the figure
that follows. But what we experience as the seasons vary more or less continuously as

shown on the right below (in temperate northern hemisphere climates).

spring summer fall winter Spring summer fall winter
1.0 - 1.0

degree degree
of of
member- member-
ship ship

0.0 0.0

March June September  December March March June September  December March

Figure 2-6: Time of the year

2.5.2 Membership Functions
A membership function (MF) is a curve that defines how each point in
the input space is mapped to a membership value (or degree of membership) between
0 and 1. The input space is sometimes referred to as the universe of discourse, a fancy
name for a simple concept.
One of the most commonly used examples of a fuzzy set is the set of
tall people. In this case the universe of discourse is all potential heights, say from 3

feet to 9 feet, and the word “tall” would correspond to a curve that defines the degree
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to which any person is tall. If the set of tall people is given the well-defined (crisp)
boundary of a classical set, we might say all people taller than 6 feet are officially
considered tall. But such a distinction is clearly absurd. It may make sense to consider
the set of all real numbers greater than 6 because numbers belong on an abstract plane,
but when we want to talk about real people, it is unreasonable to call one person short

and another one tall when they differ in height by the width of a hair.

excellent!

______ S You must
?,'_] be taller

than this
line to be
considered
TALL

Figure 2-7: Tall of people

But if the kind of distinction shown above is unworkable, then what is
the right way to define the set of tall people? Much as with our plot of weekend days,
the figure following shows a smoothly varying curve that passes from not-tall to tall.
The output-axis is a number known as the membership value between 0 and 1. The
curve is known as a membership function and is often given the designation of p. This
curve defines the transition from not tall to tall. Both people are tall to some degree,

but one is significantly less tall than the other.
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height

Subjective interpretations and appropriate units are built right into
fuzzy sets. If I say “She’s tall,” the membership function “tall” should already take
into account whether I’'m referring to a six-year-old or a grown woman. Similarly, the
units are included in the curve. Certainly it makes no sense to say “Is she tall in inches

or in meters?”

2.5.3 Membership Functions in the Fuzzy Logic Toolbox
The only condition a membership function must really satisfy is that it
must vary between 0 and 1. The function itself can be an arbitrary curve whose shape
we can define as a function that suits us from the point of view of simplicity,
convenience, speed, and efficiency.

A classical set might be expressed as

A={x]|x>6}
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A fuzzy set is an extension of a classical set. If X is the universe of
discourse and its elements are denoted by x, then a fuzzy set A in X is defined as a set

of ordered pairs.

A= {x, pAx) | x € X}

HA(x) is called the membership function (or MF) of x in A. The
membership function maps each element of X to a membership value between 0
and 1.

The Fuzzy Logic Toolbox includes 11 built-in membership function
types. These 11 functions are, in turn, built from several basic functions: piecewise
linear functions, the Gaussian distribution function, the sigmoid curve, and quadratic
and cubic polynomial curves. For detailed information on any of the membership
functions mentioned below, turn to “Function Reference.” By convention, all

membership functions have the letters mf at the end of their names.

2.5.4 If-Then Rules
Fuzzy sets and fuzzy operators are the subjects and verbs of fuzzy logic.
These if-then rule statements are used to formulate the conditional statements that
comprise fuzzy logic.

A single fuzzy if-then rule assumes the form

Ifxis Athenyis B

Where A and B are linguistic values defined by fuzzy sets on the
ranges (universes of discourse) X and Y, respectively. The if-part of the rule “x is A”
is called the antecedent or premise, while the then-part of the rule “y is B” is called the

consequent or conclusion. An example of such a rule might be

If service is good then tip is average

Note that good is represented as a number between 0 and 1, and so the
antecedent is an interpretation that returns a single number between 0 and 1. On the

other hand, average is represented as a fuzzy set, and so the consequent is an
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assignment that assigns the entire fuzzy set B to the output variable y. In the if-then
rule, the word “is” gets used in two entirely different ways depending on whether it
appears in the antecedent or the consequent. In MATLAB terms, this is the distinction

__%

between a relational test using “==" and a variable assignment using the symbol.

A less confusing way of writing the rule would be
If service == good then tip = average

In general, the input to an if-then rule is the current value for the input
variable (in this case, service) and the output is an entire fuzzy set (in this case,
average). This set will later be defuzzified, assigning one value to the output. The
concept of defuzzification is described in the next section.

Interpreting an if-then rule involves distinct parts: first evaluating the
antecedent (which involves fuzzifying the input and applying any necessary fuzzy
operators) and second applying that result to the consequent (known as implication).
In the case of two-valued or binary logic, if-then rules don’t present much difficulty. If
the premise is true, then the conclusion is true. If we relax the restrictions of two-
valued logic and let the antecedent be a fuzzy statement, how does this reflect on the
conclusion? The answer is a simple one. if the antecedent is true to some degree of

membership, then the consequent is also true to that same degree. In other words

in binary logic: p — q (p and q are either both true or both false)
in fuzzy logic: 0.5 p — 0.5 q (partial antecedents provide partial
implication)

The antecedent of a rule can have multiple parts.
if sky is gray and wind is strong and barometer is falling, then ...

in which case all parts of the antecedent are calculated simultaneously
and resolved to a single number using the logical operators described in the preceding

section. The consequent of a rule can also have multiple parts.

if temperature is cold then hot water valve is open and cold water valve

is shut
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In which case all consequents are affected equally by the result of the
antecedent. How is the consequent affected by the antecedent? The consequent
specifies a fuzzy set be assigned to the output. The implication function then modifies
that fuzzy set to the degree specified by the antecedent. The most common ways to
modify the output fuzzy set are truncation using the min function (where the fuzzy set
is “chopped off” as shown below) or scaling using the prod function (where the output
fuzzy set is “squashed”). Both are supported by the Fuzzy Logic Toolbox, but we use

truncation for the examples in this section.

Antecedent Consequent

V.- N
~ N 7~ ~

If service is excellent or food is delicious then tip = generous

=zl delicinus/ —l}
1. Fuzzify >
inputs -

§ | food -:crisp}l

Hiservice==excsitent) = 0.0 Uifood==delicious) = 0' .7

If ( 0.0 or 0.7 ) then tip = generous
2. Apply 0.7 . —> 0.7
OR operator -
(ms)

max(0.0, 0.7) = 0.7

If [ 0.7 ) then tip = generous
3. Apply
implication 07 s
operator (min) e /

min{i0.7, generous)

Figure 2-9: Fuzzy Tip

2.5.5 Multi Criterion Decision Making (MCDM)

Koopmans and Kuhn & Tuvker introduction the multi-criteria decision
making technique to find the best alternative by considering a multiple conflicting
criteria or goal

The problems of relationship among fuzzy set theory and MCDM are
raised by multiplicity of evaluation criteria. Many problems needed some simple
technique to solve, but they always deal with a problem that is qualitatively different

from the simple maximization. (13)
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Multi Criterion Decision Making (MCDM, used in the United States of
America) is a more describe approach to build up a model of the behavior of the
decision makers and let them to apply the model to solve a new problem.

The major goal of these techniques lay on fact that there is no objective
or optimal solution for all criteria. Moreover, some trade-off must be done among the
different view to determine an acceptable one.

A few techniques are considered by possibility to have matrix with a
different type of the heterogeneous criterion. Some methods allow user to provide
heterogeneous data that automatically translates into a unified scale before their
processing such as weighting technique. And conversion data does not contain all
information that the person has initial provided.

There are three steps in utilizing any decision-making technique
involving numerical analysis of alternatives:

1. Determine the relevant criteria and alternatives.

2. Attach numerical measures to the relative importance of the criteria
and to the impacts of the alternatives on these criteria.

3. Process the numerical values to determine a ranking of each

alternative.

2.5.6 Theory of multi-criteria evaluation

Decision making is the process that leads to a choice between a set of
alternatives. Geographical decision-making means analysing and interpreting
geographical information that is related to the alternatives in question. Decision
making is often used in land suitability analysis, or site selection, as well as location
allocation modelling. This paper will address some of the aspects of decision making
and describe some of approaches used.

Multi-criteria evaluation is primarily concerned with how to combine
the information from several criteria to form a single index of evaluation. In case of
Boolean criteria (constraints), the solution usually lies in the union (logical OR) or
intersection (logical AND) of conditions. However, for continuous factors, a weighted
linear combination is a usual technique. As the criteria are measured at different scales,

they are standardised and transformed such that all factor maps are positively
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correlated with suitability. Establishing factor weights is the most complicated aspect,
for which the most commonly used technique is the pair-wise comparison matrix.

MCE 1is a decision support tool for Multi-Criteria Evaluation. A
decision is a choice between alternatives (such as alternative actions, land allocations,
etc.). The basis for a decision is known as a criterion. In a Multi-Criteria Evaluation,
an attempt is made to combine a set of criteria to achieve a single composite basis for
a decision according to a specific objective. For example, a decision may need to be
made about what areas are the most suitable for industrial development. Criteria might
include proximity to roads, slope gradient, exclusion of reserved lands, and so on.
Through a Multi-Criteria Evaluation, these criteria images representing suitability may
be combined to form a single suitability map from which the final choice will be made.

Evaluation of the relationship between evidence (criteria) and belief is
a forward chaining expert system. In this system the propagation of favourability
measure through the inference network may include the Bayesian updating and fuzzy
logic for computation of posterior values of favourability given evidence(s). In the
real world, the evidences and hypotheses are uncertain. We cope with the problem by
assigning probability values to evidences.There is unidirectional propagation of
evidences through a hierachial network carries on towards an ultimate hypotheses.

2.5.6.1 MCE Definitions

Criteria may be of two types: factors and constraints. Factors
are generally continuous in nature (such as the slope gradient or road proximity
factors mentioned above); they indicate the relative suitability of certain areas.
Constraints, on the other hand, are always Boolean in character (such as the reserved
lands constraint in the example above). They serve to exclude certain areas from
consideration. Factors and constraints can be combined in the MCE module using one
of three methods; each method is characterized by different levels of control over
tradeoff between factors and the level of risk assumed in the combination procedure.
Tradeoff is the degree to which one factor can compensate for

another; how they compensate is governed by a set of factor weights sometimes called
tradeoff weights. Factor weights are given for each factor such that all factor weights,

for a set of factors, sum to one; they indicate the relative importance of each factor to
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the objective under consideration. A factor with a high factor/tradeoff weight may
compensate for low suitability in other factors that have lower factor/tradeoff weights.

In addition to tradeoff, any MCE is also characterized by some
level of assumed risk that will strongly influence the final suitability map. A low risk
analysis is one where the area considered most suitable in the final result is minimized
since it must be highly suitable in all factors. A high risk analysis is one where the
area considered most suitable in the final result will be maximized since any area that
is highly suitable for any one factor will be considered highly suitable in the result.

2.5.6.2 MCE Combination Methods

The first method of combination is Boolean intersection. Here
all criteria are assumed to be constraints and the result is their intersection, the AND
or Boolean minimum operation. This method is characterized by no tradeoff between
criteria since suitability in one constraint cannot compensate for non-suitability in any
other constraint. This combination procedure also carries the lowest possible risk since
the only areas considered suitable in the result are those considered suitable in all
criteria.

The second method is a Weighted Linear Combination (WLC)
where criteria may include both weighted factors and constraints. WLC starts by
multiplying each factor by its factor/tradeoff weight and then adding the results;
constraints are then applied by successive multiplication to "zero out" excluded areas.
This procedure is characterized by full tradeoff between factors and average risk.
Factor weights, not used at all in the case of Boolean intersection (no tradeoff), are
very important in WLC because they determine how individual factors will tradeoff
relative to each other. In this case, the higher the factor weight the more influence that
factor has on the final suitability map. (Contrast this with method 3 below where the
importance of factor weights is variable). Along with full tradeoff, this combination
procedure is characterized by an average level of risk, as it is exactly midway between
the minimization (AND operation) and maximization (OR operation) of areas to be
considered suitable in the final result.

The last method is the Order Weighted Average (OWA)
technique. This method again assumes both factors and constraints as in the WLC

method. However, in addition to factor weights, order weights are used. This second
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set of weights will allow for direct control over the levels of tradeoff and risk. The
degree of overall tradeoff is the degree to which factor/tradeoff weights are applied in
the combination procedure; the influence of these weights, from none to full, is
governed by the set of order weights. The degree of risk is the position of the
combination procedure between the minimization (AND operation) and maximization
(OR operation) of areas to be considered suitable in the final result; this is also
controlled by the set of order weights.

Order weights are a set of weights assigned not to factors
themselves but to the rank order position of factor values for a given location (pixel).
The factor with the lowest suitability score, after factor weights are applied, is given
the first order weight, the factor with the next lowest suitability score is given the
second order weight, and so on. Applying order weights has the effect of weighting
factors based on their rank from minimum to maximum value for each location. The
relative skew toward either minimum or maximum of the order weights controls the
level of risk, while the degree to which the order weights are evenly distributed across
all positions controls the level of overall tradeoff, i.e., the degree to which factor
weights have influence.

2.5.6.3 MCE Operation

MCE requires that you specify the MCE procedure to be used
(Boolean intersection, Weighted Linear Combination, or Ordered Weighted
Averaging) and then input the appropriate criteria, i.e., constraints and/or factors.

In the case of Boolean intersection, constraints are the only
criteria requested as input. The number of constraints and the names of the files that
will be used as constraints should be specified using the spin buttons or retrieved from
a previously created Decision Support File (.dsf). Constraints must be in byte/binary
format and should be Boolean maps with zeros in areas that are excluded from
consideration and ones elsewhere.

Factors must be in byte binary format with a standard scaling
(i.e., all factors must use the same scaling system). For example, they might all have
values that range from 0-255, or 0-99. This scaling can be achieved using the module
FUZZY. FUZZY will standardize continuous factors into the desired range using one

of a number of set membership functions (linear, sigmodal, J shaped, or user defned);
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it will also allow for increasing, decreasing, or symmetric functions. Once the
standardized factor images have been created, a set of weights should be developed
that indicate the relative importance of each factor to the decision under consideration.
These weights must sum to 1. The module WEIGHT can be used for this purpose.

Finally, in the case of OWA, factors are standardized and
weighted as in the WLC case and constraints may also be used; however, order
weights must also be specified. Because order weights are applied to factors according
to their rank order position, there will be the same number of order weights as factors.
It is most useful, however, not to think of order weights as belonging to any particular
factor, only to their rank order position for a given location. Order weights, which
must also sum to 1, are input into the horizontally arranged boxes below the
constraints and factors; the boxes are arranged from the lowest rank order position to
the highest from left to right.

The relative skew of your order weights will determine the level
of risk. A high order weight in the first box (e.g., a value of 1 in the first box and 0's
elsewhere) will skew the analysis toward the minimum factor value for each location
(a low risk solution); similarly, a high order weight in the last box will skew the
analysis toward the maximum factor value for each location (a high risk solution). The
first scenario yields the traditional fuzzy set "AND" operation, while the second yields
the "OR" operation. In addition, a balance of order weights from left to right will yield
a result exactly between AND and OR as in the WLC operation (an average risk
solution). Variations in the level of skew in the order weights selected will result in

solutions with different levels of risk.

2.5.7 Risk analysis model with the use of fuzzy logic
2.5.7.1 Risk analysis
Any computing facility comprises a number of different assets.
Many different vulnerabilities are inherently associated with these assets. A
vulnerability can be seen as a weakness in a system that can be exploited to violate the
system’s intended behavior. The act of exploiting a vulnerability represents a threat,
which has an associated risk of being exploited. A risk can therefore be seen as the

adverse effects which can result if a threat is actualized. A clear understanding of the
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concept of a “risk” is necessary to establish a common frame of reference for further
discussions in this paper. For the purposes of this paper, a risk is viewed as:

- The adverse effects if a threat actualizes;

- The adverse effects if a vulnerability is exploited.

- Viewing a risk with the use of these dual, but
parallel, concepts enhances the comprehension of the concept, which is essential for
an effective modeling of the risks within a computing facility.

By using the above concept of a risk, risk analysis can be
viewed as the systematic examination of:

- All the possible vulnerabilities and the likelihood
that these vulnerabilities will be exploited;

- All the possible threats and the likelihood that these
threats will actualize.

This view of risk analysis will now be used to describe a
framework for the systematic analysis of computer related risks.

2.5.7.2 Risk analysis with fuzzy logic

The fuzzy logic risk analysis model (Fuzzy Risk) is used to
model the above mentioned steps to obtain recommendations for the management of
the identified risks. For each identified vulnerability that could possibly be exploited,
the following output is generated:

- A risk factor which indicates the likelihood that the
specific vulnerability will be exploited.

The above output is generated for each identified threat that has
the possibility of being actualized. It is important to note the following pertaining the
produced output:

- The output for each identified vulnerability is
provided on the same scale so that they can be evaluated relative to each other. Being
able to relatively compare risks with each other will facilitate the evaluation of the
recommendations for the management of these risks.

- An important output which is also generated by the
Fuzzy Risk model is an explanation of the reasoning process that was used to arrive at

each specific risk factor.
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2.6 Study Area

Buriram province is situated in north east of Thailand. The summer is in
between February to May and the rainy season is prolong during May to October.
Monsoon winds change directions according to season. Temperatures range between
35.5 degrees Celsius and the annual rainfall averages 1,200 mm. The total area of Buri

Rum province is around 10,312.885 square kilometers.(14)

2.6.1 Boundary

North : Connects with Khon Kaen and Maha Sarakham.

East : Connects with Surin.
West : Connects with Nakhon Rachasima.
South : Connects with Prachin Buri and the Phanom Malai

Mountain Range which divides Thailand and Cambodia. Buriram's frontier amphoe

(districts) are amphoe Ban Kruat and amphoe Lahan Sai, 44 km. from Cambodia.

2.6.2 Administration

It administrative boundaries divided into 21 amphoes and 2 king

Amphoes (sub-districts). The province is divided into the following districts:
1. Amphoe Ban Kruat

2. Amphoe Lahan Sai
3. Amphoe Nong Hong
4. Amphoe Ban Mai Chaipot
5. Amphoe Lamplaimat
6. Amphoe Nong Ki
7. Amphoe Chalerm Prakiat
8. Amphoe Na Pro
9. Amphoe Pa Kham
10. Amphoe Huai Rat
11. Amphoe Nang Rong
12. Amphoe Plab Pla Chai
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13.
14.
15.
16.
17.
18.
19.
20.
21.

Amphoe Khu Muang
Amphoe Non Din Daeng
Amphoe Prakhonchai
Amphoe Krasang
Amphoe Non Suwan
Amphoe Putthaisong
Amphoe Satuk

King Amphoe Kan Dong
King Amphoe Ban Dan
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Chatchada Kaewpruksapimon Literature Reviews / 32

880000 930000 980000
_ 'i]ﬂlﬂ'ﬂl!fh—! V.UHHIA1A1N ~
z 2.500100 [ Z
= , = =
% V. HAIINNTAN i %
= =
2 =
- -
v
o V.49521NYD o
L g] .y Lg]
_ — Kilometers —
Fig 0 125 2 50 75
880000 930000 980000

Figure 2-10: Study area
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Figure 2-11: Annual rainfall average 30 years

2.7 Case Study Reviews

Application of Fuzzy Multi-Objective Decision Making in Spatial Load
Forecasting: Electric distribution system planning is to provide and economic
expansion plan to meet the future demands in its territory. A forecast of the future
electric demand and its geographic distribution is a prerequisite for distribution
planning. The quality and accuracy of this forecast have large influence on the quality
of the electrical distribution system planning. Spatial load forecasting emerges to
provide a more accurate prediction of both the magnitudes and locations of future
electric load. Since the load growth pattern is dominated by its land-use (residential,
commercial, or industrial), the land usage study of small area is important to capture
the future loads accurately. There are many factors which will affect the customer
land-use decision, for example, distance to highway, distance to urban pole, and the
costs. The customer’s preferences can be estimated based on these objective factors.
Then the land utilization and electricity consumption can be estimated. Since the
objectives sometimes are conflicting each other, it can be cumbersome to use

conventional cost function approach to determine the land usage decision. This paper
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will be apply fuzzy multi-objective decision making scheme to the urban
redevelopment and spatial load forecasting, which is more naturally and straight
forward used to handle the spatial load forecasting problem. An example is used to

illustrate the proposed methodology. (15)

Application of Fuzzy Logic Technology for Spatial Load Forecasting: Utilities
are required to provide reliable power to customers. In the design stages, utilities need
to plan ahead for anticipated future load growth under different possible scenarios.
Their decisions and designs can affect the gain or loss of millions of dollars for their
companies as well as customer satisfaction and future economic growth in their
territory. This paper proposes and describes the general methodology to use fuzzy
logic to fuse the available information for spatial load forecasting. The proposed
scheme can provide distribution planners other alternatives to aggregate their

information for spatial load forecasting. (16)

A computer-system that classifies the prefectures of Greece in forest fire risk
zones using fuzzy sets: All of the Mediterranean countries face a serious forest fire
problem. The main factors that affect the problem of forest fires in Greece are
vegetation, climate conditions and most of all. In Greece, after 1974, the numbers of
forest fires and the total burned areas have risen dramatically. The design of effective
fight and prevention policy is a very important matter, as it can minimize the
destruction. This paper describes an expert system that classifies the prefectures of
Greece into forest fire risk zones, using a completely new methodology. The concept
of fuzzy expected intervals (F.E.I) was defined by Kandel and Byatt and offered a
very good approach towards forest fire risk classification. Fuzzy expected intervals are
narrow intervals of values that best describe the forest fire problem in the country or a
part of the country for a certain time period. Fuzzy logic was applied to produce a
F.E.L. for each prefecture of the country. A successful classification of the prefectures
of Greece (in forest fire risk zones) was performed by the expert system by comparing
the produced fuzzy expected intervals to each other and by using a supervised
machine learning algorithm that assigns a certain weight of forest fire risk to each

prefecture. (17)
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Fuzzy logic and risk-based soil interpretations: fuzzy set logic is used express
the risk in soil interpretation ratings. Uncertainty inherent in the definition of
estimated sets of properties used of characterize a given map unit is described with the
help fuzzy sets. Threshold levels of soil properties (where no adverse consequences
can be expected) are used to formulate a continuum for assessment. Different types of
adverse consequences may be considered. Here we describe economic, non-economic
private and non-economic social consequences. The relative consequences are
functions of the deviation between the estimated by an expert group are exact. The
methodology can be extended to uncertain consequence functions and is applied to
soil suitability ratings in four map units in Saunders Country, Nebraska. The
integrated risk index calculated with methodology can help to select a cost-effective

solution to management considerations. (18)

Applications of fuzzy logic to the prediction of soil erosion in a large
watershed: There is a need in many emerging nations to develop simple methods for
predicting areas of extensive soil erosion using imprecise, but real-world, input data at
low cost with considerable accuracy. The objectives of this study are to develop fuzzy
logic models that predict soil erosion in a relatively large watershed using a limited
number of input variables, determine the effects of scale and grid-size variations in
input data on fuzzy logic model output, and compare the predictions of soil erosion
using fuzzy logic methodologies with those of the Universal Soil Loss Equation
(USLE). Two fuzzy-logic rule bases were constructed: a two-variable-based model
which required inputs of slope length (FLS), soil erodibility (FK) and vegetative cover
(FC). Reducing the grid size of input data resulted in a decrease in the areal extent of
predicted high soil erosion. The more dispersed pattern of soil erosion, observed with
a 4-mile grid at a scale of 1:250,000, became more clustered in the 2-mile grid and
even more clustered in a 2-mile grid at a scale of 1:24,000. The trend of clustering
towards smaller areas of high erosion potential as map scale increased was also found
at the grid sizes 1 and 0.4 miles. Soil erosion, predicted with the two-variable fuzzy
logic model using 30 m resolution GIS-based data sets of slope and landuse, was

similarly distributed among the low, moderately low and moderate soil erosion
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categories. This was attributed to the lack of inherent fuzziness in the input data
obtained from raster format. The areal extent and locations of soil erosion predicted by
the USLE model and by the two-variable-fuzzy logic model were similar. Differences
between the predictions of the USLE model and the three-variable fuzzy logic model
were primarily in the moderately low and moderate soil erosion categories and were
attributed to the effects of the two non-fuzzy variables used in the USLE model,
annual rainfall erosivity and cropping practices, which were not used in the fuzzy
logic model. Compared with the USLE model predictions, the fuzzy logic-soil erosion
prediction models were successful at locating and differentiating areas of soil erosion

with minimum input data. (19)

A GIS-based fuzzy classification for mapping the agricultural soils for N-
fertilizers use: Special attention should be paid to the choice of the proper N-fertilizer,
in order to avoid a further acidification and degradation of acid soils and at the same
time to improve nitrogen use efficiency and to limit the nitrate pollution of the ground
waters. Therefore, the risk of leaching of the fertilizer and of the acidification of the
soils must be considered prior to any N-fertilizer application. The application of N-
fertilizers to the soil requires a good knowledge of the soil-fertilizer relationship,
which those who are planning the fertilization policy and /or applying it might not
have. In this study, a fuzzy classification methodology is presented for mapping the
agricultural soils according to the kind and the rate of application of N-fertilizer that
should be used. The values of pH, clay, sand and carbonates soil variables are
estimated at each point of an area by applying geostatistical techniques. Using the pH
values three fuzzy sets: ‘no-risk-acidification’; ‘low-risk-acidification’; and ‘high-
risk-acidification’ are produced and the memberships of each point to the three sets
are estimated. Additionally, from the clay and sand values the membership grade to
the fuzzy set ‘risk-of-leaching’ is calculated. The parameters and their values, which
are used for the construction of the fuzzy sets, are based on the literature, the existing
knowledge and the experimentation, of the soilfertilizer relationships and provide a
consistent mechanism for mapping the soils according to the type of N-fertilizers that
should be applied and the rate of applications. The maps produced can easily be

interpreted and used by non-experts in the application of the fertilization policy at
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national, local and farm level. The methodology is presented through a case study

using data from the Amfilochia area, west Greece. (20)

Copyright by Mahidol University
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CHAPTER Il
MATERIALS AND METHODS

In chapter 2 it had been established that the Multi-Objective Decision and Fuzzy
logic theory were appropriate set for Identification drought areas. This Chapter describes

the methods used to prepare data, steps taken for data identification by Fuzzy logic.

3.1 Materials

Hardware and software utilized in this study are as the following:

Hardware:
1. Personal computer for processing and programming
CPU Pentium 1V Processor 3.01 GHz
RAM 1 GHz
Hard disk 60 GB.
2. Printer

Software:
1. Operation System: WindowsXP Professional
2. GIS software: ArcViewGIS 3.2
3. Software Idrisi
4. Notepad
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3.2  Step of the study
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Figure 3-1: Flow Diagram of Drought Risk Identification by Fuzzy logic
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From Figure 3-1 that illustrated the method or step of Drought Risk Identification

by Fuzzy logic. These methods were determining as the follow.

3.3.1 Data preparation

All of the related data for study were collected and prepared according to

the standard of drought. These can be divided into 6 parameters as illustrated in Table 3-1

Table 3-1: Data source

- Province

Data Data source Year

1. Climate _ N

- Annual Rainfall (dry season) II\D/I:;Z?tr;Longtical Department and Royal Irrigation 1975-2005
- Numbgr (_)f Rainy day Meteorological Department Meteorological 1975-2005
- Evaporation Departmentand Royal Irrigation Department 1975-2005
2. Soil

- Soil Texture Department of Land Development 1:50000 2005
3. Topographic

-Slope Gradient Royal Thai Survey Department 1:50000 1969
4. Hydrology and Hydrogeology .

- Surface water and Irrigation ggg:gmggt of Water Resources and Royal Irrigation 2005

) EUbb?}[S'n ?reg‘b . Department of Water Resources 2005

i G enSIS/ ot su a§]|cn Department of Water Resources 2005

- Groundwater aquiter Department of Ground Water Resources 2005
5. Land Use Department of Land Development 1:50000 2005
6. Drought Area map Department of Land Development 2006
7. Administrative

i SPb c_j'St”Ct Department of Provincial Administration 2005

- District




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Inf. Man. on Env. and Res.) / 41

3.3.2 ldentification of factors
3.3.2.1 Fuzzy Logic technique
1) Meteorological factors - The meteorological factors utilized for
the study are as follow,

1.1) Annual Rainfall: The areas for desertification are the
areas which receive little or no rain.

1.2) Number of Rainy day: The areas for desertification
should be the areas which receive little or no rain.

1.3) Water Deficit: Soil water deficit is the amount of
available water removed from the soil within the crop's active rooting depth. Likewise it is
the amount of water required to refill the root zone to bring the current soil moisture
conditions to field capacity.

1.4) Evaporation: The areas for desertification should be the
areas which a change of a liquid into vapor at any temperature below its boiling point. (21)

2) Hydrological factors - Two hydrological factors were used
including.

2.1)  Surface water and Irrigation: such as in a stream, river,
lake, or reservoir.

2.2)  Groundwater aquifer: The underground water should be
less in the areas as there is little or no rain.

3) Topographic factors - They are slope gradient.
4) Agricultural factors — Two Agricultural factors were used as
follow.

4.1)  Soil Texture: depends on the amount of each size of
particle in the soil.

4.2) Land Use: Land use is the pattern of construction and

activity land is used for.
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3.3.2.2 Potential surface analysis technique

1) Meteorological factors - The meteorological factors are as
follow;

1.1) Annual Rainfall: The areas for desertification are the
areas which receive little or no rain.

1.2) Number of Rainy day: The areas for desertification
should be the areas which receive little or no rain.

2) Hydrological factors - four hydrological factors were studied.

2.1) Surface water and Irrigation: such as in a stream, river,
lake or reservoir.

2.2) Subbasin Area: A subbasin is a smaller basin of a larger
Basin.

2.3) Density of subbasin: Each subbasin area and assign that
total to the area of that subbasin.

2.4)  Groundwater aquifer: The underground water should he
less in the areas as there is little or no rain.

3) Topographic factor - Slope Gradient: Topographic slope affected
to the water movement both surface and underground water. The water runoff at the higher
slope gradient was more rapid then lower slope gradient, thus the water adsorpted by soil
was less than soil in the lower gradient. Besides, the water table of the groundwater at the
high slope area was more depth and reduced faster than the low area flat plain.(2)

4) Agricultural factors - two Agricultural factors were used as
follow.

4.1)  Soil drainage: The movement of water down through the
soil. Good drainage means water disappears from a planting hole in less than an hour. If
water remains standing overnight or longer, the drainage is poor.

4.2) Land Use: Land use is the pattern of construction and

activity land is used for.
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3.3.3 Data manipulation
The studied factors were collected and identified by using GIS. The spatial
and attribute data were input by using digitizer (digitize technique) and keyboard,
respectively. Then, input data were verified and studied the relationship between spatial

and attribute data. Finally, the results were manipulated and analyzed.

3.3.4 Data analysis
All factor used in the overlay technique which composed of the weighting
factor and the rating factors are as follow:

The weighting factor and the rating factor obtain the value, ranging
from 1 to 10. Therefore, 10 represent the factors which are most likely to cause
desertification and 1 represents the least possibility of desertification. In the study, the
scores of the weighting factor and the rating factor were given by the experts and the
supervisors in concerned field.

Within rating factors process before the scores were given, the
following criteria were set.

1) Fuzzy Logic technique

Constraints versus factors a constraint is a criterion that is absolute in its
inclusion or exclusion of possible outcomes. This might be a boundary for a development
area, slopes that are too steep or other attributes. A factor is a criterion that influences the
suitability of the decision, according to its value. Different factors might be assigned with
different weighting to illustrate their individual importance.

The study regarding the areas for desertification in Buriram Province
examined the factors in eight factors.

2.1) Annual Rainfall: explained the average yearly rainfall as
follows; the rainfall quantity less than 800 mm. was equivalent to dry. the over all amount
from 801-1,000 mm. was equivalent to less rain, the rainfall quantity from 1,001-1,200
mm. was moderate, the overall volume from 1,201 — 1,600 mm. was equivalent lo heavy
rain and the overall rainfall quantity more than 1,600 mm. was equivalent to very heavy
rain.(22)
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2.2)  Number of rainy day: explained the average yearly number
of rainy day as follows; the number of rainy day quantity less than 40 days was equivalent
to dry. The over all amount from 41- 60 days was equivalent to less day, the rainfall
quantity from 61- 80 days was moderate and the overall the number of rainy day quantity
more than 80 days was equivalent to very heavy rain. (23)

2.3)  Water Deficit: Source of water deficit from the Ep graph and
annual rainfall, also the calculation for the water deficit maps was made on a monthly basis.
Divided the water deficit into five; the water deficit less than 10 days, the water deficit
between 10 — 30 days, the water deficit between 31— 60 days, the water deficit between 61
— 90 days and the water deficit more than 90 days.(24)

2.4) Evaporation: change of a liquid into vapor at any temperature
below its boiling point. Divided the Evaporation into three; the Evaporation quantity less
than 126 mm?®/month, the Evaporation quantity between 126 — 177 mm®/month and the
Evaporation quantity more than 177 mm®./month.(24)

2.5) Surface water and Irrigation: The Surface water and
Irrigation were divided into five groups; inside Surface water and Irrigation, outside
Surface water and Irrigation 0 -2 kilometers, outside Surface water and Irrigation between
2 — 4 kilometers, outside Surface water and Irrigation between 4 — 6 kilometers and more
than 6 kilometers.(23)

2.6)  Groundwater aquifer: The groundwater division of the
Mineral Resource Department (1989) laid down the criteria of the underground water as
follows: the areas with the low groundwater quantity have < 2 m/hour groundwater, the
areas with the moderate groundwater quantity have 2-10 m/hour groundwater, and the areas
with the very high groundwater quantity have > 10 m/hour groundwater. (25)

Further present study to be more accurate and not to be biased
towards other factors. The study classified the ground water into three groups; if the
groundwater was less than2 m'/hour. It was low .if the groundwater was 2-10 m/hour. It was

moderate and if the groundwater was more than 10 m/hour. It was high.
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2.7)  Slope Gradient: The Slope was divided into five groups;
slope 0 — 3 %, slope between 3 — 8 %, slope between 8 — 16 %, slope between 16 — 30 %
and slope more than 30%.(42)

2.8) Soil texture: It was divided into three groups; coarse

loamy/sandy, fine loamy/fine silty and fine clay/clay respectively.(25)

2) Potential surface analysis technique
The study regarding the areas for desertification in Buri Ram
Province examined the factors in eight factors.

2.1) Annual Rainfall: explained the average yearly rainfall as
follows; the rainfall quantity less than 500 mm. was equivalent to dry. The over all amount
from 501-1,000 mm. was equivalent to moderate rain, the rainfall quantity from 1,001-
1,200 mm. And the overall rainfall quantity more than 1,200 mm. was equivalent to very
heavy rain.(24)

2.2)  Number of rainy day: explained the average yearly number
of rainy day as follows; the number of rainy day quantity less than 50 days was equivalent
to dry. The over all amount from 51- 70 days was equivalent to less day, the rainfall
quantity from 71- 90 days was moderate and the overall the number of rainy day quantity
more than 90 days was equivalent to very heavy rain. (24)

2.3) Surface water and Irrigation: The Surface water and
Irrigation were divided into five groups; inside Surface water and Irrigation, outside
Surface water and Irrigation 1 kilometers, outside Surface water and Irrigation 2
kilometers and outside Surface water and Irrigation more than 5 kilometers.(24)

2.4)  Subbasin Area: The subbasin area was divided into four
groups; the subbasin area quantity less than 1,000 Km?, the subbasin area quantity between
1,001 — 1,800 Km?, the subbasin area quantity between 1,801 — 2,600 Km?, the subbasin
area quantity more than 2,600 Km?.(24)

2.5) Density of subbasin : The density of subbasin was divided
into four groups; the density of subbasin quantity between 0.1 — 0.35 km. 1
squarekilometers, the density of subbasin quantity between 0.36 — 0.70 km. 1
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squarekilometers, the density of subbasin quantity between 0.71 — 1.00 km./ 1
squarekilometers and the density of subbasin quantity more than 1.00 km. 1
squarekilometers.(24)

2.6)  Groundwater aquifer: The groundwater division of the
Mineral Resource Department (1989) laid down the criteria of the underground water as
follows: the areas with the lower groundwater, the areas with the low groundwater, the
areas with the moderate groundwater and the areas with the very high groundwater. (24)

2.7)  Slope Gradient: The Slope was divided into five groups;
slope 0 — 5 %, slope between 6 — 15 %, slope between 16 — 30 % and slope more than
30%.(24)

2.8) Soil drainage: It was divided into four groups; the soil
drainage is well drained, moderately well drained, poorly drained and very poorly drained.
(24)

2.9) Land Use: Land use is divided into four patterns of area; the
land use is agricultural plants, Orchard, forest (on the hill) and rice.

3) Weighting and Rating
Weighting and Rating was conducted by sending the questionnaire to
expertise or a concerned academician, the results was analyzed for the potential of
analyzes area. (26) Weighting and Rating scale was separated into two parts.
3.1) Weighting was the comparing for the suitability or
importance of all factors. Expert had to consider putting score for each factor regarding the
potential area analysis for drought risk. The range of weighting score was between 0 — 10

as shown below (27)

None Poor Fair Excellent

0 1 5 9 10
|
|

Figure 3-2: The weight values for risk or important factors
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Factor get none (0) score mean that such factor was not risk
or important for potential analysis of drought risk area. 1 point equaled to poor level or less
important while 5 and 10 scores meant moderate and excellent or risk and important
factors, respectively.

3.2) Rating was the leveling of weighting factors for risk and
importance comparing within the group of factors. For example, the factor about slope, the
expert might consider the undulating was the most risk for potential drought area. Then
such area was classified at the top level or the most important factor. While the factor
about steep was considered to get fewer score, such factor was also related at low level to
be it risk to drought risk area.

Factor to be considered for rating used the same standard as
the weighting scores as shown in figure 3-2.

Since the expert or an academician gave different weighting scores. So
all the answer from the questionnaires were processed to find the arithmetic mean to be a
representative value for all factors, also the representative value for each group of factors.
Those values would be used for potential surface analysis for living space potential of

drought risk area.

3.3.5 Data Processing

1) Fuzzy Logic technique

The study used the Fuzzy logic technique for Analysis processing.
1.1)  AreaFuzzy analysis
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Annual Rainfall

Number of rainy day

water Deficit

Evaporation

Surface water and Irrigation
Groundwater aquifer

Slope Gradient

Soil Texture

Figure 3 -3: Showing the step of data of analysis for the Fuzzy logic technique
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The figure 3 - 3 could be explained in detail as follows:
1.2) The Fuzzy Technique

The main process for drought risk identification using Fuzzy
logic was to provide and convert concerned data into spatial format. Then the weighting
and rating scored proposed by the experts was determined as mean value and interface
with spatial data preparing for Fuzzy analysis.

1.2.1) Fuzzy evaluates the possibility that each pixel
belongs to a fuzzy set by evaluating any of a series of fuzzy set membership functions. The

Sigmoidal MF block implements a sigmoidal membership function given by

1
" 1+explalx-c) (3.1)

flx)

The Sigmoidal functions are controlled by four points
ordered from low to high on the measurement scale. When the sign of is positive the curve
increases from left to right. Conversely, when the sign of is negative the curve decreases

from left to right, as shown in figure 3-4.

N g

Figure 3 -4: The sigmoidal membership function

The first point marks the location where the
membership function begins to rise above 0. The second point indicates where it reaches 1.
The third point indicates the location where the membership grade begins to drop again
below 1, while the fourth point marks where it returns to 0. Points may be duplicated to
create symmetric functions. The user-defined function requires the input of control points

and their corresponding fuzzy set memberships.
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1.2.2) The weighting scores proposed by the experts for
each main factors were then be ordered with sum total equal to 1. This was the same as a
weighted linear combination in which each factor score multiplied by its factor weight then
summed across all factors and masked by all constraints.

Order weights are a set of weights assigned not to
factors themselves but to the rank order position of factor values for a given location
(pixel). The factor with the lowest suitability score, after factor weights are applied, is
given the first order weight; the factor with the next lowest suitability score is given the
second order weight, and so on. Applying order weights has the effect of weighting factors
based on their rank from minimum to maximum value for each location.

1.2.3) In Multi-Criteria Evaluation, fuzzy set membership is
used in the standardization of criteria. Exactly which function should be used will depend
on the understanding of the relationship between the criterion and the decision set, and on
the availability of information to infer fuzzy membership. The application of multi-criteria
algorithm based on logical PAIRWISE comparison.

Calculating the product of weight and factor
multiplied with all constraints at any location, and then summing up all products yields a
total overall score. The score for each alternative A is:

If a constraint is part of the decision

A = SUM (wi * xi) or A =SUM (wi * xi) * SUM (cj)
Xi = criterion score of factor i,
wi= weight of factor i,

cj = criterion score of constraint j

When applying SAW on fuzzy variables the formula
can be applied directly, because the values all are in range from 0 to 1 and directly
comparable. This is why factor maps need to be stretched before they can be used in the
MCE module.
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1.2.4) Reclassification is a generalisation technique used to
re-assign values in an input raster layer to create a new raster layer. Reclassification
changes the value of the input cells on a cell-by-cell basis within the area under analysis.

It could be explained in detail as follows:

(I,)=X -SD (3.2)
(1,)=X-SD<S <X +SD
(1,) = X +SD
When |y = low risk area
I, = moderately risk area
I3 = high risk area
X = mean
S.D. = Standard Deviation

This technique is commonly used to convert interval
and ratio scale data into an ordinal ranking for drought risk using map algebra. The data
ranges, then they were rearranged into three levels of risk area classification, they were the

high, moderately and low potential areas.

2) Potential surface analysis technique
The study used the Geographic Information System for Analysis
processing.
2.1) Potential Area Analysis
It could be explained step of study in figure 3 - 5.
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( Determination of factors )

l_l i o Annual Rainfall (R, xw,)
e Number of rainy day (R, xW,)

o Surface water and Irrigation (R xWs3)
e Subbasin Area (R4 xW,)

¢ Density of subbasin (Rg xWs)

e Groundwater aquifer (Rg xWg)

e Slope Gradient (R; xW;)

e Land Use (Rqg xWy)

o Soil drainage (Rg x W)

Figure 3 - 5: Showing the step of data of analysis for the area potential

2.2)  The potential surface analysis.

The searching for the potential surface analysis for living
space potential of drought area was firstly done by determination the related factor and
searching for spatial data for each factor. Then the data were classified into groups of
levels of risk and sent to expert for weighting scores and being rating for further potential
analysis process were as following:

2.2.1) The calculation of potential area analysis was done
by the equation overlay for analysis to find the risk, (S) by multiplying the weighting of

each factor (W) with the rating of each factor (Ry;). The total scores were the sum amount
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of the results of multiplying of each factor (S). It was the representative of potential
analysis area for drought risk. The equation was written as follows:

(S) = (Ry xWp) + (Ry xWy) +...+ (R xWp) (3.3)

When S the level of total score of suitable factors related to living

space potential of Drought risk.
W, until W,
R1 until R,

the important value of each factor.

the score of sub factor j, from the first factor to n factor.

2.2.2) The level classification of risk area, the result from
the calculation of potential analysis area (S) will be classified into ranges of risk area by

the following formula:

(1,)= X - SD (3.4)
(1,)=X-SD<S <X +SD
(1;,) = X +SD
When |y = low risk area
P = moderately risk area
I3 = high risk area
X = mean
S.D. = Standard Deviation

From the data ranges, then they were rearranged into three
levels of risk area classification, they were the high, moderately and low potential areas.
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3) Comparison between existing drought area and drought area

manipulated by Fuzzy logic technique and Potential surface analysis technique
The existing drought area identified by Department of Land
Development in 2006 was employed to compare with the output from Fuzzy Logic and

PSA techniques. The differentiation was analyzed by using the Kappa Index method.
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CHAPTER IV
RESULTS

4.1 Drought Risk Identification

4.1.1 Weighting and rating scores identification
4.1.1.1 Fuzzy Logic technique

In estimating and determining the score of weighting and rating
for data analysis, the analysis was conducted by distributing the questionnaires to
experts in various fields with at least 20 years experience in their respective fields and
to the educational institutes.

There were 2 experts in the field, one in the Pedological field,
another in the Pedological field and drought management from the Department of
Land Development. The total number was calculated. The present study used an
arithmetic average as the central tendency because data being studied were
quantitative and most reliable central tendency. The results of the points of weighting

and rating were displayed in the table 4-1 and table 4-2 respectively.
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Table 4-1: Score of the weighting and criteria by experts
Number of experts and Criteri
: Data average riteria
Factor used in study weight score _ of fuzzy logic
(x) (by calculate)
1 2
1. Annual Rainfall 10 10 10 0.16
2. Rainy Day 8 8 8 0.13
3. Water Deficit 8 8 8 0.09
4. Evaporation 9 10 9% 0.15
5. Slope 5 6 5.5 0.14
6. Irrigation area and surface 8 10 9 0.09
7. Groundwater aquifer 6 6 6 0.12
8. Soil Texture 7 8 7% 0.13
Source: by calculated rating from the questionnaire.
Table 4-2: Rating scores and factors examining by the experts
Factor
Numbezri r?(fj experts Data of fuzzy
Factor used in study ) . average logic
points of rating -
(x) (by
NNy calculate)
1. Annual Rainfall
1.1 <= 800 mm. 10 10 10.00 0.39
1.2 801-1,000 mm. 8 8 8.00 0.32
1.3 1,001 - 1,200 mm. 6 4 5.00 0.19
1.4 1,201 - 1,600 mm. 4 0 2.00 0.07
1.5 >= 1,601 mm. 2 0 1.00 0.03
2. Rainy Day
2.1 <= 40 days 10 10 10.00 0.43
2.2 41-60 days 7.5 8 7.75 0.33
2.3 61-80 days 5 4.50 0.19
24 >= 81 days 2.5 0 1.25 0.05
3. Water Deficit
3.1 > 90 days 10 10 10.00 0.31
3.2 61-90 days 8 8 8.00 0.24
3.3 31 -60 days 6 8 7.00 0.21
3.4 10-30 days 4 6 5.00 0.15
3.5 <10 days 2 4 3.00 0.09
4. Evaporation
4.1 >177 mm./ month 10 6 8.00 0.48
4.2 126—177 mm./ month 5 4 4.50 0.27
43 126 mm./ month 1 8 4.50 0.25
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Table 4-2: Rating scores and factors examining by the experts

Numbe; rc]):; experts Data OI;af(L:jtzozl;/
Factor used in study points of rating average logic
(x) (by
1] 2 calculate)
5. Slope
51 > 30% 2 5 3.50 0.20
52 16-30% 4 4 4.00 0.20
53 8-16% 6 3 4.50 0.20
54 3-8% 8 2 5.00 0.20
55 0-3% 10 1 5.50 0.20
6. Irrigation area and surface
6.1 >6 km. 2 10 6.00 0.20
6.2 4-6km. 4 8 6.00 0.20
6.3 2-4 km. 6 8 7.00 0.23
64 0-2 km. 8 4 6.00 0.20
6.5 Inside Irrigation and Surface water 10 0 5.00 0.17
7. Groundwater aquifer
7.1 < 2 cubic mater./hour 3 8 5.50 0.30
7.2 2 —10 cubic mater./hour 7 6 6.50 0.34
7.3 >=10 cubic mater./hour 10 7.00 0.36
8. Soil Texture
8.1 Coarse loamy, Sandy 3 5.50 0.30
8.2 Fine loamy, Fine silty 7 6 6.50 0.34
8.3 Fine clay, clay 10 7.00 0.36

Source: by calculated rating from the questionnaire.
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4.1.1.2 Potential surface analysis technique
In estimating and determining the score of weighting and rating
for data analysis by office of environmental policy and planning in 2541. As shown in

the table 4-3.

Table 4-3 : Score of the weighting and rating

Factor used in study Weighting score Factor Rating score
1. Annual rainfall 9 1.1 <500 mm 4
1.2 501 - 1,000 mm. 3
1.3 1,001 — 1,200 mm. 2
1.4 >1,200 mm. 1
] 2.1 <50 day 4
2.fpgny Day 8 22 51-70day 3
2.3 71 -90 day 2
2.4 >90 day 1
. 3.1 Outside 5 km. 4
3. Irrigation and surface 7 32 Outside 2 km. 3
3.3 Outside 1 km. 2
3.4 Inside irrigation and surface 1
; 4.1 Poor groundwater 4
4. Groundwater aquifer 6 bl Y 3
4.3 moderately groundwater 2
4.4 well groundwater 1
5.1 agricultural plants 4
5. Land use 3 5.2 Orchard 3
5.3 forest (on the hill) 2
5.4 rice 1
. . 6.1 well drained 4
6. Soil drainage 4 6.2 moderately well drained 3
6.3 poorly drained 2
6.4 very poorly drained 1
7.1 >30% 4

. Sl

7. Slope 3 72 16-30% 3
73 6-15% 2
74 0-5% 1
8. Density of subbasin 2 8.1 0.1-0.35 km. /1 km2. 4
8.2 0.36-0.70 km. /1 km?2. 3
83 0.71-1.00 km. /1 km?2. 2
8.4 >1.00 km. /1 km2. 1
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Table 4-3 : Score of the weighting and rating
Factor used in study

Weighting score

Factor Rating score
. 9.1 >2,600 km2. 4
9. Subbasin Area ! 9.2 1,801 — 2,600 km2. 3
93 1,001 — 1,800 km2. 2
9.4 < 1,000km2. |

10. Detail 10.1 Boundary district map

10.2 Transportation map
10.3 Boundary subbasin map

10.4 History drought risk area
10.5 Stream map
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4.1.2 Factors used in the study
The factors using in Fuzzy Logic process consisted of 8 categories as
follow:
4.1.2.1 Rainfall: the study used the rainfall on month accuracy during
in 30 years average rainfall in dry period (January-May) within 1975 - 2005. The least
amount of rainfall occurred in January about 42.7 mm. and the highest amount
occurred in May about 1,447 mm. The rating score for rainfall is shown in table 4-3.
The enter data on the average rainfall in the attribute of the
rain. The study decided the rainfall into the classes as earlier detail by means of
reclassifying
The results found that the majority of areas had low rainfall
(1,001 - 1,200 mm. /year). The said areas encompassed 4,353.32 km® or 42.21 % of
the total areas. The areas which received a moderate rainfall (1,201 - 1,600 mm. /year)
covered 5,959.57 km? or about 57.79 % of the total areas. As shown in the table 4-4
and in the figure 4-1

Table 4-4: Areas and percentages of years mean rainfall in 30 stations (1975-2005)

Mean rainfall (mm./years) Area (km?) Percentages (%)

<= 800 mm. -

801 -1,000 mm. -
1,001 - 1,200 mm. 4,353.32 42.21
1,201 - 1,600 mm. 5,959.57 57.79

>= 1,601 mm. -

Total 10,312.89 100
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4.1.2.2 Rainy days: the in dry period were identified using an average
rainy days in dry season (January-May) within 1975-2005. The least amount of
rainfall occurred in January about 42.7 mm. and the highest amount occurred in May
about 1,447 mm as shown in table 4-4.

The enter data on the average rainy days in the attribute of the
rain. The study decided the rainy days into the classes as earlier detail by means of
reclassifying

The results found that the majority of areas had low rainy days
(41 - 60 day/years). The said areas encompassed 71.50 km” or 0.69 % of the total
areas. The areas which received a moderate rainy days (61 - 80 mm day/years)
covered 3,361.43 km2 or about 32.59 % of the total areas. And the areas which
received a high rainy days (more 80 mm day/years) covered 6,879.96 km® or about

66.71 % of the total areas. As shown in the table 4-5 and in the figure 4-2

Table 4-5: Areas and percentages of years mean rainy days (1975 — 2005)

Mean rainy days (day/years) Area (km?) Percentages (%0)
>= 81 days 6,879.96 66.71

61 -80 days 3,361.43 32.59

41 -60 days 71.50 0.69

<= 40 days - -

Total 10,312.89 100
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4.1.2.3 Water Deficit was identified by the period that soil moisture

insufficient for plant cultivation within growing season (Septembers - April) within

1975-2005. From evaporation graph and annual rainfall, also the calculation for the

water deficit maps. The highest amount occurred more than 90 days all area as shown
in table 4-4 and in figure 4-3.

The results found that the areas which received a high water

deficit (more 90 day/years) covered 10,312.89 km” or about 100 % of the total areas.

The area included all Buriram province. As shown in the table 4-6 and in the figure

4-4.

Table 4-6: Areas and percentages of years mean water deficit (1975 — 2005)

>= 90 days 10,312.89 100
61 -90 days - -
31-60 days o -
<= 30 days - -
Total 10,312.89 100
Annual rainfall and Evaporation averages 30 year (1975-2005)
mm/month
300.0
2500 - °a°
200.0 1 195‘0./
1669 163.1 —@— Rainfall
608 “g° o g
150.0 P
1248 >
100.0 83.-5 oo 831
! 69.7
50.0 769 524 M- —Z 52 TSN g R gz get
0 ® 404
233 171~
0.0 T~ v month
B S N Y > S S SN GRS S S
O > N O L N @ Ca <
?Q N N K ‘?“\)0) '@'& od@ A‘z‘& c,‘b({\o 3'0(\\) Q‘,O‘\) V@
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Figure 4-3: Compare between annual rainfall and evaporation
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4.1.2.4 Evaporation: Soil has evaporation. It makes soil low moisture.

It‘s effect to plant in grow season (Septembers - April) within 1975-2005. From figure
4-3 and table 4-6, also the calculation for the evaporation maps. The highest amount
occurred between 126 - 177 mm./month all area. As shown in table 4-7 and in figure
4-5.

The results found that the areas which received a high water
deficit (more 90 day/years) covered 10,312.89 km” or about 100 % of the total areas.
The area included all Buriram province. As shown in the table 4-7 and in the figure

4-5.

Table 4-7: Compare between Annual and evaporation

wontn | Amaloiell [ Evporeten
April 76.9 88.5
May 160.8 52.4
June 166.9 68.9
July 163.1 69.7
August 195.0 66.5
September 254.6 S
October 124.8 62.8
November 233 64.8
December 3.0 65.6
January 4.7 63.3
February 17.1 65.8
March 40.4 83.2

Table 4-8: Areas and percentages of month years mean evaporation (1975 — 2005)

Mean evaporation (mm./month) Area (km?) Percentages (%)

>177 mm./ month - -

126 — 177 mm./ month 10,312.89 100

126 mm./ month - -

Total 10,312.89 100
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4.1.2.5 Soil texture: Soil texture was divided by considering the soil
texture from the soil group. The soil in Buriram has 100 soils texture. The soil texture
was classified into three; coarse loamy/sandy, fine loamy/fine silty and fine clay/clay.

When data from the table A-2 appendix A in the attribute table
of the soil data map in GIS, scale 1:50,000 from the Department of Land
Development were put in and soil were classified into three groups.

The results found that majority of area had the coarse loamy
and sandy, being about 5,415.47 km” or 52.51 %. The areas with fine loamy and fine
silty were about 3,159.91 km® or 30.64 %. The Fine clay and clay were about 242.75
km? or 2.35 %. As illustrated in the table 4-9 and the figure 4-6

Table 4-9: Areas and percentages of soil texture characteristics

soil texture characteristics Area (km?) Percentages (%)
Coarse loamy, Sandy 5,415.47 52.51
Fine loamy, Fine silty 3,159.91 30.64
Fine clay, clay 242.75 2.3
Urban, water 1,494.76 14.49
Total 10,312.89 100
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4.1.2.6 Slope Gradient: Topography map, which was classified as

slope gradient and generated by Department of Land Development in year 2004 was

classified into 5 levels; nearly level (0-3%), undulating (3-8%), rolling (8-16%), hill
(16-30%) and steep (more than 30%).(43)

The study result found that slope of area at 0-3 % covered area

0f 9,718.49 km” or 94.24 % of study area as detail shown in table 4-10 and figure 4-7.

Table 4-10: Areas and percentages of slope

Slope Area (km?) Percentages (%)
> 30% 18.25 0.18
16 - 30% 62.30 0.60
8-16% 108.02 1.05
3-8% 405.83 3.94
0-3% 9,718.49 94.24
Total 10,312.89 100
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4.1.2.7 Irrigation area and surface water: Irrigation area and surface

water map, which was classified into 5 levels; Inside Irrigation and Surface water,
outside 0-2 km., outside 2-4 km., outside 4-6 km. and outside more 6 km.

The results found that inside of area had the Irrigation and
Surface water, being about 53.54 km”. or 0.52 %. The areas with outside 0-2 km. were
about 1,732.24 km?.or 16.80 %. The outside 2-4 were about 2,665.42 km?. or 25.85 %.
The outside 4-6 were about 1,732 km”. or 16.80 %. They were found in aaaaa. The
outside more than 6 km. were about 53.54 km®. or 0.52 %. as illustrated in the table 4-
11 and the figure 4-8.

Table 4-11: Areas and percentages of Irrigation area and surface water

Irrigation area and surface water Area (km?) Percentages (%)
>6 km. 3,324.38 32.24

4 - 6 km. 2,537.31 24.60

2-4 km. 2,665.42 25.85

0-2 km. 1,732.24 16.80
Inside Irrigation and Surface water 53.54 0.52

Total 10,312.89 100
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4.1.2.8 Groundwater aquifer: It divided the groundwater aquifer into

three classes. They were; the areas which had the low groundwater aquifer were the

ones with less than 2 cubic mater. /hour. The areas which had the moderate

groundwater aquifer were the ones with 2-10 cubic mater. /hour. And the areas which
had the high groundwater aquifer with more than 10 cubic mater. /hour.

The results found that the majority of the area had the areas

with the moderate groundwater aquifer (2-10 cubic mater. /hour) were about 5,856.10

km® or 56.78 %. The less groundwater aquifer was about 3,564.58 km” or 34.57 %.

And the areas with high groundwater aquifer (>10 cubic mater. /hour) were about

891.94 km® or 8.65 %. As shown in the table 4-12 and figure 4-9

Table 4-12: Areas and percentages of groundwater aquifer

Groundwater aquifer Area (km?) Percentages (%0)
< 2 cubic mater./hour 3,564.85 34.57
2 — 10 cubic mater./hour 5,856.10 56.78
>=10 cubic mater./hour 891.94 8.65
Total 10,312.89 100
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4.1.3 ldentify drought risk area
4.1.3.1 Fuzzy Logic technique

The results found that the majority of the area had the areas
with the high drought risk were about 8,780.44 km® or 85.14 %. But the areas with the
said amount were mainly found in Amphoe Ban Kruat, Amphoe Lahan Sai, Amphoe
Nong Hong, Amphoe Ban Mai Chaipot, Amphoe Lamplaimat, Amphoe Nong Ki,
Amphoe Chalerm Prakiat, Amphoe Na Pro, Amphoe Pa Kham, Amphoe Huai Rat,
Amphoe Nang Rong, Amphoe Plab Pla Chai, Amphoe Khu Muang, Amphoe
Prakhonchai, Amphoe Krasang, Amphoe Non Suwan, Amphoe Putthaisong, Amphoe
Satuk, King Amphoe Kan Dong and King Amphoe Ban Dan. The low drought risk
was about 1,532.45 km® or 14.86 %. As shown in the table 4-13 and figure 4-10

Table 4-13: Potential areas drought by Fuzzy Logic in Buriram province

Potential areas for Drought Area (km?) Percentages (%)
High 8,780.44 85.14
Moderate 1,532.45 14.86
Low . y
Total 10,312.89 100
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Figure 4-10: Drought area in Buriram province by fuzzy logic
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4.1.3.2 Potential surface analysis technique

The results found that the majority of the area had the areas
with the moderate drought risk were about 8,097.45 km” or 78.52 %. But the areas
with the said amount were mainly found in Amphoe Ban Kruat, Amphoe Lahan Sai,
Amphoe Nong Hong, Amphoe Ban Mai Chaipot, Amphoe Lamplaimat, Amphoe
Nong Ki, Amphoe Chalerm Prakiat, Amphoe Na Pro, Amphoe Pa Kham, Amphoe
Huai Rat, Amphoe Nang Rong, Amphoe Plab Pla Chai, Amphoe Khu Muang,
Amphoe Prakhonchai, Amphoe Krasang, Amphoe Non Suwan, Amphoe Non Din
Daeng, Amphoe Putthaisong, Amphoe Satuk, King Amphoe Kan Dong and King
Amphoe Ban Dan. The high drought risk was about 1,664.93 km® or 16.14 %. And
the low drought risk was about 550.51 km® or 5.34 %. As shown in the table 4-14
and figure 4-11

Table 4-14: Potential areas drought by Potential surface analysis in Buriram province

Potential areas for Drought Area (km?) Percentages (%)
High 1,664.93 16.14
Moderate 8,097.45 78.52
Low 550.51 5.34
Total 10,312.89 100
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4.2 Comparison of drought area between Fuzzy Logic identification and existing

drought

The existing drought area identified by Department of Land Development in 2006
was proposed to be the baseline to compare with drought identification by Fuzzy Logic
technique. The Kappa Index was used to clarify the accuracy for this comparison. It was

found that the Kappa Index fell into the significant value of 0.75 as shown in figure 4-12

and table 4-13.
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(B) potential drought risk area by fuzzy logic

Table 4-15: Result the assessed of accuracy (Error matrix)

1 3 4 Total Error
1 1094021 0 0| 1094021 0.00
3 0 8224 137958 146182 0.94
4 0 159346 709165 868511 0.19
Total | 1094021 167570 847123 | 2108714 1.14

(A) potential existing drought risk area in 2006
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4.3 Comparison of drought area between Potential surface analysis and existing

drought

was proposed to be the baseline to compare with drought identification by Potential
surface analysis. The Kappa Index was used to clarify the accuracy for this comparison. It

was found that the Kappa Index fell into the significant value of 0.47 as shown in figure 4-

The existing drought area identified by Department of Land Development in 2006

13 and table 4-14.
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Table 4-16: result the assessed of accuracy (Error matrix)

1 3 4 Total Error
1 1094021 0 0| 1094021 0.00
2 0 4056 50995 55051 1.00
3 0 133682 669555 803237 0.834
4 0 29832 126573 156505 0.19
Total | 1094021 167570 847123 | 2108714 0.3578

(A) Potential existing drought risk area in 2006

(B) Potential drought risk area by potential surface analysis
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CHAPTER V
DISCUSSION AND RECOMMENDATION

5.1 Discussion

5.1.1 Discussion

The objective of the investigation was to apply fuzzy logic technique to
drought risk identification in Buriram province.

The standard criteria were utilized including meteorological data, soil
characteristics, topographical data, and hydrological/hydro-geological data, which
influenced the occurrence of drought phenomena. Experts were requested to classify
the significant score of primary factors and secondary factors. All the above data and
factors were then analyzed with fuzzy logic and potential surface analysis (PSA). The
areas were divided into three categories high, moderate and low potential for drought
risk values. Results from both methods were subsequently compared with drought-
area data surveyed by the Department of Land Development in 2006, in order to
compare the effectiveness of the fuzzy logic technique with PSA.

The study area is Buriram province which occupies an area of

10,312.89 km? The results of the fuzzy logic technique found that the high potential
areas for drought were approximately about 8,780.44 km? or 85.14%. The moderate

potential areas for drought were approximately about 1,532.45 km? or 14.86 %
PSA results for drought risk identification found that the high potential

areas for drought were approximately about 1,664.93 km? or 16.14 %. The moderate
potential areas for drought were approximately about 8,907.45 km? or 78.52%. The

low potential areas for drought were approximately about 550.51 km? or 5.34 % of the

total area
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The drought area identified by Department of Land Development was
then compare with the output of drought risk identification area from both mentioned
procedures and the accuracy, assessed by the Kappa index method. The fuzzy logic
technique revealed the percentages of accuracy, which is 0.75. At the same time, PSA
demonstrated the percentage of accuracy, which is 0.47. The accuracy of the fuzzy
logic technique was superior to PSA.

5.1.2 Recommendations

1. There is not any standard for drought identification in Thailand.
Thus, this study has to provide from the opinion of concerned organization including
Meteorological Department, Department of Land Development, Department of Water
Resources which might not be the best solution and acceptance for the whole aspects.
However, the studies on the standard of drought identification in Thailand should be
provided.

2. Some of data is not available and difficult to gather from concerned
agencies. Thus, the establishment for database management system of factors
concerning in drought identification should be provided. In addition, the data should
be also easy access for concerned agencies.

3. The factors using in fuzzy logic technique in this study is not
sufficient to meet the completion process. Thus, it might not suitable to use in the
other area. Besides, other concerned factors should be taken into the consideration of
the future studies.

4. The high resolution could not be used since the existing program
could not completely interface with fuzzy logic technique.

5. The rule base should be proposed in various aspects to cope with
the better identification and accuracy.
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