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CHAPTER |
INTRODUCTION

Forest fire has been acknowledged as a part of factor effecting ecological
changes in all types of forest all over the world. Forest fire can be a real ecological
disaster, regardless of whether it is caused by natural forces or human activities. Forest
fires can cause environmental damages and diminish the biodiversity. Annual forest fires
may decrease the growth of the grasses, herbs and shrubs, which may result in
increased soil erosion. Understanding ‘the occurrenee, spatial patterns and dynamic

behavior of fires are significant for forest fire management (Kandya et al., 1998).

1.1 Rationale

In Thailand, espéecially in ?he_ northe_fr__r] p_art, forest fires are annual occurrences.
Almost all are caused by people, either inteﬁﬁo.r_lally or accidentally. They occur annually
during the dry season from Decémber to I\/Iay;\x\!;lﬂth the most forest fires occurring in the
hottest period of February ana—Mérch. Most.'.}grg&_;t‘ fires.in Thailand are categorized as

surface fires (Kanchadasak Phonboon, 1997).

The significant i‘actors that have an_influence oh the availability of forest and
plant community | in Thailand are water,|climate, rock and soil type, elevation, and biotic
that including forest fires which oceur during the. dry season. The forest fire which
occurs regularly especially in deciduous+forest are the cause of the,occurrence in mixed
deciduous forest and deciduous dipterocarp forest. Forest fires are the main factor that

can change forest types and plant community (Tawatchai Santisuk, 2006).

Since 1985, Forest Fire Control Division of the Royal Forest Department reported
that causes of forest fires in Thailand are gathering of forest non-timber products,

shifting cultivation, incendiary fire, hunting animals, cattle raising, illegal logging, lacking



of awareness and carefulness, and unidentified causes (Forest Fire Control Division,

2003).

There are forest fires in the upper Nan watershed during the dry season every
year especially in the national parks, wildlife sanctuary and national forest areas.

Effective forest fire management requires the use of new techniques using Geographical

Information Systems (GIS) and rem | produce results in a timely and cost-
effective manner. Lands ' e including GIS vector data, were

® To study the spatial patterns | amic-behaviors of forest fire in the upper

X
upper Naﬂ]watershed.
s S ME A NUNTNYINT
B 01NtV N i

fire in those periods to detect the forest fire risk locations in upper Nan watershed.

® To determine trgfores

Meteorological factor is not addressed in this research.



1.4 Location of the study area

The study area was conducted in the upper Nan watershed, situated in
Changwat Nan that is in the east of Northern Thailand. It locates between 18° 1" and 19°
34" N latitude and between 100° 24' and 101° 15' E longitude (Figure 1-1). The total
eters, covering path 129-130 of LANDSAT-5 TM.
Its elevation ranges from 50 V/# ve average mean sea level. The
geographical features of t y-area coﬂéh mountainous and narrow flood

plain areas (Figure 1- , ‘.‘

study area is about 11,898 square kilom

These results shqﬂl‘&supply planne@.,and decision-makers with adequate and

understandabl%fuw&mr%%%@%a&lng]vm gpropriate strategies for

reducing and mitigating forest fire hézards and refated phenomena.in a long term risk
that ma qbﬁe@a@i&oﬂjmhum’a]gamﬂ:lahureas of similar

geographical conditions.
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1.6 Research methodology

To accomplish the aims of this thesis, the research involves four sequential steps

are designed. Each of which is described as follows:
1.6.1 Preparation

This step includes:

® | jterature review of. elaté& es in the study area, northern

Thailand, and

. data acquisition, i.e. satellite
images of medi (ke 2 \\\ pographic map, and land use map
) ,- attern of the study area as

® [ntensive co i i oncept al framework of forest fire and
; 3 |

t fire occurrence.

1.6.2 Field investigation

S ammm— Y

The field investmtion and direct observation wermarried out as follows:

o Re ﬁﬂ W 1?3 ﬁtatlon in the study area
for p@parmg the data and related plan t twoul be used in further steps of
9 W"iﬂﬁ‘ﬂ“ﬁ”m URIINYIA Y

Intermediate field investigation to conduct ground-truth to inspect the
correctness of the analyzed results from the remote sensing image analysis

and interpretation.



1.6.3 Laboratorial studies
The laboratorial analysis is conducted as follows:

® Thematic (GIS and remote sensing) data preparation. These inventory data
consist of topography (slope, aspect), land use and land cover. Software of

geographic information s S IS) and remote sensing (ArcGIS 9.2 and

ERDAS IMAGIN developing, manipulating, and
ages (Landsat TM) that were
conducted to develop the
ata were also checked from
ground-truth i es to inspect the accuracy in

the intermedia
® Forest fire analyss inup or Nan wal is conducted. This is preliminary

method to present the spatial

petween the burned areas each of available forest fire
influencing mentiﬂed) in upper Nan watershed,

namely, slopé, aspect, land cover, distance from road, and distance from

LAUIAVININEAND, i
ARTHININURIAINYIAY

1%.4 Synthesis, discussion and conclusions
This step includes:

® Synthesizing, discussing and concluding forest fire occurrence in upper Nan

watershed.



In order to accomplish the objectives of this research, the schematic diagram

illustrating the present methodology system was designed as shown in Figure 1-3.

PREPARATION:

* Literature review,
» Acquisition.and study the‘previeus basic data,

* Intensive comprehension on-the conceptual framework

1L

THEMATIC DATA FIELD LABORATORY STUDIES:
PREPARATION AND INVESTIGATIONS: « Remote sensing image

INTERPRETATION USING |\r—/} + Reconnaissance, \—/ analysis and interpretation,

GIS & REMOTE SENSING « Intetmiediate field « Forest fire analysis

investigation

INPUT DATA

&

ANALYSIS AND-SYNTHESIS

{0

RPARAMETERS AFFECTING FOREST FIRE
IN UPPER NAN WATERSHED

Il

DISCUSSION AND CONCLUSIONS

Figure 1-3 Schematic diagrams illustrating the research methodology system.



1.7 Components of the thesis

This thesis comprises five chapters including this introductory Chapter 1.
Chapter 2 is initiated with the definition and terminology of forest fire as well as the
components of fire research. The applications of the remote sensing and geographic

information system (GIS) in forest fire assessment are briefly reviewed. The previous

‘Vy/yre also presented.
Since the possi@mtaﬂ)ns osed methodology can only be

\Du@paratlon and interpretation in

is given in Chapter 3. In this

investigations from the related te

evaluated critically when fi

terms of types of input

.u=‘ .-\"r‘.p"'! - e :-:
susceptibility is prelﬁlnary analyzed uélrMi parameters by univariant
probability method ' resent the spati een the detected burned

areas and each of the-uﬂuencing parameters in the watﬂhed. Besides, forest fire risk

TN SN g

In Chapty’ 5 the attention is focused on disgssion of the fogt fire susceptibility

esuns iy, teipbiesiniod & bl in bogerbit herbfed-dro surmarizeo

and concluded with further recommendation in this chapter.



CHAPTER I

LITERATURE REVIEW

2.1 Definition and terminology

There are many definitions about: forest fire. For example, Brown and Davis
(1973) defined as "an uncontrolled fire that gpreads though vegetative fuels, exposing
and possibly consuming structures'. While the United States Geological Survey-USGS
(2008) defines as "combustion;” marked by flames or intense heat, in natural settings,
often ignited by lightning®or human agtivities!. The Royal Thai Forest Department,
however; defines the meaning‘ofithe fores{jﬁe as "a fire that occurs on forestland for any

reason and in the absencg of any contpo!” (',:Atéﬁara Rakyutidharm, 2002).

The term "fire risk" which used iri-‘j'd(-r;‘lassic, Is derived from the first national,
institutionalized decision-suppoft-system imijféf;ﬁented in the U.S. fire community-the

National Fire Danger Rating System-NFDRS {'bé’ér'ﬁing et al,,.1972). The NFDRS defined

the term "fire risk" as'tﬁe—occurrence of a spreading fire, offiié incidence. In addition, the
NFDRS classified fire riék from the sources into two group§ as follows: lightning risk and
man-caused risk, Man-caused forest fire is 'derived through inference from the relative
level of human activity;“the” principal 'sources of "human-caused ignitions and other
factors~Ihenya-mare generalized-definition,of "fire risk® has,been cemmonly adopted by
the fire community as the chance that a fire might start, as affected by the nature and

incidence of causative agents.

Bachmann and Allgower (2000) remarked that the term "hazard" can be used not
only represent the precondition for a specific process, but also refer to the process
itself. They defined the term of "fire hazard" as the potential fire behavior for fuel type,

regardless of the fuel types' weather-influenced fuel moisture content. Assessment was
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based on the physical fuel characteristics, such as fuel management, fuel load,

herbaceous vegetation, and presence of elevated fuels.

Hardy (2005) defined the term of "fire hazard" as a fuel complex, defined by
volume, type, condition, arrangement, and location that determines the degree of ease
of ignition and the resistance to control. Fire hazard expresses the potential fire behavior

for a fuel type, regardless of the fuel type's weather-influenced fuel moisture.

Fire severity has-been used«to describean environment of fire-related
characteristics, effects, andsphenomenon. These have included flame length, fire size,
resistance to control, ratefof spread, fuel Iconsumption, and others too numerous to list.

According to paper one fire’ severity, Sirp'ard (1991) defined "fire severity" as the

magnitude of significant negative fire impa@"ts on wildland systems.

To conclude, in forest fire r}nanagerf‘[;de_g.t, the term "Fire Risk" refers only to the
probability of ignition of a spreading fire and_c_ioéjé not address values or damages. "Fire
Hazard" is a fire-centric term,té'h'd is indep;e’fn-'aé*-r_ltl of weather. The term "hazard" must
only be used to exprreésv, the state of the fuel complex. "Fire Séverity" is a characterization

of the effects of fires oawildland systems, rather than of the fire itself.

2.2 Use of Remote Sensing.and GIS, in forest fire assessment

Forest fires are most accurately documented by crews equipped with GPS
receivers and great knowledge of the affected areas. However, this in situ monitoring is
not always the most feasible approach (Ichoku et al., 2003). Advancements in remote
sensing satellite sensors and the associated analysis are clear the way for a new era of
burned scar mapping and fire monitoring techniques. The development of spectral

indices designed specifically for studies on vegetation and the further advancement of
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GIS technologies is leading the field of forest fire research in to a knowledge which is
not restricted by the limitations of field work. Size, intensity, and frequency of forest fire
can now be monitored by land management officials on a regular and timely basis.
Furthermore, the regeneration of vegetation and environmental impact can be studied
with continuity and precision which may not be possible when rely on human

observations.

The field of remote sensing has improved. dramatically in sensor technology and

-
data processing techniques'overihe course of the lastitwenty years (Kushla and Ripple,
1998). Several transformationteehniquesisuch as Principal Component Analysis (PCA),

Normalized Difference Vegetation 'lndex (NDVI), and Tasseled Cap Transformation

(TCAP) have been appliedito bupned scar}stqdied with various degree of success. The
Normalized Burn Ratio (NBR), de\_/elz_oped |n,1 9}_96 by Key and Benson (2004), is one of

the most widely accepted methods' &f burrieédscar mapping. The NBR index has been
: ol

approved by numerous land management a—ge_hcies and forest fire researchers as the

el

effective tool for recording burned scars and‘mapping their recovery. The more detailed

explanation of this index will be given in the following pages:

The condition of spectral transformation and indiées are based on reflection in
certain wavelengthssand therefore, can berapplied to multiple satellite sensors. This
study will be concerned with a singlé family of platferms and two sensors. The Landsat
family of'remate sensing satellites'was flaunched'in the early-1970's 'out-of an increasing
require for data on the Earth's terrestrial resources. Until now, seven Landsat satellites
have been launched with six reaching orbit. The Thematic Mapper (TM) sensor onboard
Landsat 4 and 5 has given the scientific world a much more detailed look at the Earth's

surface. The eighty meter resolution of the Multi-Spectral Scanner (MSS) has been
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increased to a spatial resolution of thirty meters and spectral resolution was redefined

into more discrete wavelengths (Campbell, 2002).

Practically every Earth monitoring satellite up to now has been used for burned
scar mapping studies in some aspects. The daily satellite imageries such as the
Geostationary Operational Environmental Satellites (GOES) family and the Moderate
Resolution Imaging Spectroradiometer (MODIS) instrument, provide the public with
important daily data on the state of firesJon a-globalscale. However, the coarse spatial
resolution make highly-aetailed.studies difficult or“impossible (Li et al., 2000). The

Landsat based sensofs have reached a compromise between spatial and temporal

resolution. The 30 meter pixel size of'Landsat is detailed enough to provide information

on the local scale, whereas the temporal ‘-‘{es_olution provides frequent imaging. Image
scenes are acquired approximately, every, two weeks, which provides an opportunity for

coverage throughout the year and BETOSS é’e”gsonal transitions. The footprint of Landsat
T™M and ETM+ images is approximately 170 _km north-south by 183 km east-west

el

(Campbell, 2002). This scene size in large eﬁough to provide researchers with a view of

an entire region white" still maintaining the necessary detail needed to specific fire

events.

Various combinations of | lLandsat pands (provide the analyst with different
information sets relevant to different Studies. As stated previously, €ombining the visible
and infrared” channels® has Beentiextremely used Iforivegetation-studies. In the
assessment of burned scar, several band combinations have been especially valuable.
The study of forest fire in Greece by Koutsias and Karteris (2000) assigned a
combination of bands 7,4,1 or 7,4,2 to the visible colors red, green, blue (RGB)
respectively, to create an image in which burned scars appear as clearly visible or

bright red patches, distinct from the surrounding vegetation. However, the study of
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forest fires in Amazon by Pereira and Setzer (1993) was used bands 3,4,5 while in Spain
bands 4,5,7 combination were used (Chuvieco and Congalton, 1988). The selection of
band combination may depend on the characteristics of the studied scene. In addition,
the display of Landsat image of coastal Louisiana in the U.S.A. with the 7,4,2 RGB
bands combination shows the burned areas as bright red or deep red areas distinctly

different from the unburned areas surrounding, which appear in green or pink.

Burned areas can shew. a higher retura‘in.Landsat band 7 due to a reduction in

-
plant canopy moisture and therefore decreasing in the absorption of the wavelength.
They are also low in band 4.refleCtance b‘Fcause of loss of vegetation (Key and Benson,

2004). If these bands aressetitored!and green respectively, burned areas will appear

as bright red due to the high band .7 reﬂe%tance and show little or no green due to the
low band 4 reflectance. This com_biqation &;bapds makes the burned scars distinguish

from unburned areas. This visuallyb'ased p?r'é:iedure provides a practical display image,
et 2274
which is instrumental in the qualitative study of the burned scars. However, it does not

ol [t -

provide the researcher with enough data to fully quantify with speed and efficiency,

including the impact"a’h_d extent of the fire event being moriitored. With the aim to fully
understand the forest fires, the preceding mentioned transformations and indices can
be applied to LLandsat imageries. | The researchers cantruly gather a full understanding
of the forest fire'events and the assocjated environmental impacts by capitalizing on the

full capabilities of the data (Keyiand Benson, 2004).
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2.3 Components of forest fire assessment
2.3.1 The nature of forest fire

In the ecological viewpoint, fire is considered as a non-biotic factor which, in
most cases, works within the ecosystem to decay, recycle and select. As a
decomposition agent, fire releases the chemical energy stored in the available fuel. Fire
liberates in slightly altered forms, many of the censtituent biochemical residing in the
litter. An ecosystem subjected to fire must cope. with this discharge of energy and
chemical, with the eradication®ofssome organisms and introduction of others, and with
the simultaneous processes .of delective destruction and selective enhancement. It

became apparent that firgfis a'major factof*(FuIIer, 1991).

_—

)

Fire has always eenia part ofiterrestrial environments. Biotic communities adapt
and compensate for it, just @s they-do f(jdrr},the temperature or water. As with most
environmental factors, human has greatly m@éié’d its effects, increasing its influence in

many cases and decreasing it in others. Becalse of.careless behaviors, human has

increased the effectro_%'We then the productive ehvironme—ri’[ji-s destroyed or injured (Fox

and Stuart, 1994).
2.3.2 Forest fire spread

A fire spreads horizontally by igniting a series of particlesfof fuel at or near its
edge. At first the flames 'burnedvatiofie’ point, the'source-~of ignitions=and then move
outward, accumulation enough heat to keep burning on their own. As the flames move
out from the point of ignition, either wind or slope lengthens the perimeter of the flames
into an ellipse with an origin (Figure 2-1). Noted that this ellipse is a model, not all forest
fires burn in this way. The head of the fire is the end of the ellipse that the wind blows

ahead into new fuels. The head of the fire advances faster than do its sides or flanks



16

because the leading flames are the first to reach the unburned fuel preheating the fuel
and drying it. On the other hand, the rear of the fire is slanted toward the already-burned
center, and so the flames move outward more slowly. As the speed of the wind

increases, the ellipse becomes more elongated (Fuller, 1991).

Ld.hen#nomen

Figure 2-1 Wigdand slope eIong&; a wildland fire into an ellipse
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Fire can also spread downhill or against the wind, but such a fire will be the flanks or
rear of the ellipse formed by the main fire. As a result, a flanking fire advances
crosswind or across a slope, and a backing fire advances against the wind or
downslope. In any case, the shape of a fire seldom remains elliptical, because barriers
slope, changes in fuel, and spotting cause it to develop fingers and even multiple

heads. A fire with an expanding perimeter is a line fire.
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In timber, crown fires can spread 5 or more miles per hour, but in grass, fire
spread at a rate of only 2 to 4 miles an hour. But the fuels such as plants, shrubs, and

trees, left behind may still burn after the flaming front had passed (Fuller, 1991).
2.3.3 Topography and forest fire

Topography is the physical shape and features of a region, and it affects fires by
varying the weather within just-a small area:s Because warm air rises, preheating uphill
fuels, fires advance uphill faster than they travel downhill (Figure 2-2). A slope raises the
fuels in front of the fire, thus«bringing them closer to the flames and also acts like a
chimney carrying heat and .flames upihill (Andrews and Chase, 1989). Therefore,
depending on slope angle and wind’rs:peé:g’j slope can be more important than wind in

determining the rate of a fire's spreé—'d. e

Topography also affects fires'by me'é.f_]s of elevation, the shape of the land, and
the direction in which slope facé—:'Hi'gh elevaﬁﬁ:’;’have a colder and wetter climate, and

so there the fire season is shorler. The direction of.a slope determines how much

sunlight it receives. -_S‘E'ﬁuth and west slopes receive the most sunlight, and so they are
much warmer and drie,[-.than north slopes are, which ge’gr the least amount of sunlight.
South and west slopes therefore have, a longer fire season, a longer daily burning, and a
greater number, of ‘fires“than north=slopes ‘do, and“more’ of the fires that start there

become-large:

This variation in sunlight means that all slopes have different microclimates.
Different species and amounts of vegetation grow in the different microclimates.
Because north slopes and deep canyons receive less sun, they hold more moisture and

so stay green longer and support more vegetation than south slope do.
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Other topographical features, such as canyons, ridges, and bare areas, also
influence fires. For example, a fire starting at the bottom of a slope is more likely to
become large because more fuels are situated above it, and fire burns more easily
uphill. Fires in narrow canyons preheat fuels across the canyon from them and also send
embers across. A steep, narrow canyons pull ups heat and flames as in a chimney.

Where two canyons join ”p edictably because the wind in both
canyons form eddies wher S 3 Véidges, the fire may meet upslope

winds from the other side asons, firefighters often build

control lines along or near ridg

""J""I
.-I S R
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Figure 2-2 A slope raises fuels and thereby puts them closer to the fire below

(Fuller, 1991).
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2.3.4 Forest fire Intensity

Another characteristic of a fire is its intensity, or the rate which a fire release
heat. Intensity is determined by the amount of heat energy produced. Heat intensity is
measured in Btus or British thermal units. One Btu is the amount of heat required to raise
1 pound of water 1 degree Fahrenheit. Fire intensity is expressed in different ways,
according to how the figures will beiused. Fire-line intensity is the number of Btus per
foot per second, or per unit length. High rateés'oi'spread in light fuels like grass produce
a high-intensity fire. In heavy fuels, however, even a low spread rate can produce a

high-intensity fire.
|

The intensity of a fige is"also related to the length of its flames, which limits the

possible methods of stppressingit. When-_.lj[he flames are no more than 4 feet in length,
)
firefighters can usually @ttagk the fire with hand teols. But when the flames are over 8
feet long, no control of any kind is likely to be effective. And when the flames are longer
T aind ety

than 11 feet, fires often crown, spet,and make a rapid spread through surface or crown

| el

fuels.

A crown fire is Ohe that attacks the crown, or head Vcijf foliage, of a tree or shrub
(Figure 2-3). It also neeas thick fuels and tree crown in clbse proximity. Low moisture in
fine fuels and low moisture and flammable .chemicals inn faliage also make crowning
more likely. For a crown fire to stay im"the three crowns and keep moying, strong winds,

steep slope; ar highifirevintensity must ke present.

Because crown fires usually travel rapidly, they do not stay in one place long
and so may be less destructive than the length of their flames would indicate. But when
crown fires become very large and intense and spread quickly, they was renamed
conflagrations, which are large destructive fires with moving fronts and rapid rates of

spread. This type of fire occurred in Yellowstone, The United States, in 1988.
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distances and to staﬁburning’gﬁf#‘%;éﬁ'ﬁ{ he-gr iﬁ When the temperature is high

il grands can starts fires.

) |
2.3.5 Predictingjorest fire behavior u

o oL N IV S B B Gorectris ot

itself, but todayqflhey also use mathematical and eomputer systems: In 1972, Richard

Rothe@ﬁ bl i tiettburkaid Hebdaion | hdtd Fire sciences

Laboratory in Missoula constructed a mathematical model called the Rothermel model,

which combines data regarding the fuels, weather, and site of the fire to predict the
spread of surface fires. Fire managers using the Rothermel model or the BEHAVE
program feed in data on the wind speed, slope, and properties of the fuels. They

compare the vegetation of the fire site with descriptions of different fuel models, estimate
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the moisture of live fuels from how much of the grasses have cured or dried out, and
gauge the moisture of dead fuels from the time of day, relative humidity, temperature,

degree and aspect of slope, and amount of shade.

From the fuel type, time since ignition, topography, fuel moisture, and weather
measurement, BEHAVE can describe many aspects of fire behavior, including its rate of
spread, future perimeter, area, length-to-width ration, and flame lengths. It is helpful for
fire managers to have airained fire Behavior ahalyst interpret the results. It can
accurately predict surfaceffires in-continuous fuels butieannot predict fire behavior when

fires begin spotting or Crowaing (Rethermel, 1972).

2.3.6 The weather and forest’fi:re bigﬁavior

)

Certain weather factors such as temperature, humidity, air stability, wind speed,
and wind direction, directly affect the Wayf'}'.hat fires burn. Other factors, such as the
weather's long-term climatic infilénce on ttifﬁbéls and their dryness, indirectly affect

fires. Both short-term.and long-ferm effects are part of the fire environment.

Since the weather largely determines how fires béﬁave and when and where
they occur, fire manag’érS have named fire weather the weather characteristics that
influence firesisFor example, hot dry weatherwith:gusty winds and intense lightning
storms means fire. During the fire season, to help them, the National Weather Service
provides daily fire Weather forecasts during the times of high fire'danger or when fire

managers request them.

The climate of each geographical region determines the fuel (vegetation) types

and the length of the fire or the time of year when most fire occur.

The difference in the sun's heating of the earth's surface lead to the major

weather and climate variations that contribute to fire danger. As the sun warms the
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earth's surface, it also heats the air above it. Then the heated air creates air pressure
differences that cause the basic wind patterns, that is, air flowing from higher-pressure

to lower-pressure zones.

Moisture and pollutants in the air, the angle and duration of the sunlight, and the
properties of the earth's surface combine to determine how much the air heats. One
such property affecting the heating is the color.of the earth's surface. Colors like black
absorb heat better than others do. TextuLe alse“afleets the surface heating; for example,
a rough surface absorbssheat better than a smooth one does. Moreover a transparent
material like water, distributesheat: more evenly rather keeping it on the surface.
Furthermore, some substances, like rock, conduct heat better than others do. Materials
also vary in the heat they .€an apseorb, th;;t is, their specific heat, the ratio of the heat
absorbed or given off by a mater_,ialz_ toits nse jor fall in temperature. Water has a high
specific heat, and so wet surfaces heat-{rf;‘(__ar_e slowly than dry ones do. Therefore,

#eid Jd
el

differences in air moisture can gFeatIy affectfi@fWeather (Fuller,1991).

o el

® Airmoisiure

At low humidity, fuels or vegetation dry out, therefore catching fire more
easily and burning, faster. [fhe, moistures in-the ;air, comes=from evaporation from the
ground, water bedies and the transpiration of plants. When the air holds as much water
vaporsias itiCan atits ptevailing temperatureitis saturated! Airustally’holds less than it
can and"so is unsaturated. Meteorologists describe air moisture with the term relative
humidity, or the ratio of the amount of water vapor in a given volume of air to what it
could hold if it were saturated at the same temperature. This ratio is expressed as a

percentage and saturated air has 100 percent relative humidity.
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Because more water vapor is needed to saturate warm air than cool air,
when the air temperature rises, the relative humidity drops. On the other hand, when the
temperature drops, the relative humidity rises because air cools as it rises, at higher
elevations air with the same amount of water vapor as air lower down has a higher

relative humidity and is closer to saturation.
® Air stability

The air's stability-is-the ability to-resist-vertical motion. This ability, which
influences the development.of winds, depends on how fast the air cools with elevation.

N . - o L .
Scientist measure air stapility by examining how much an invisible balloon of air cools as

it rises, as compared with the air around _|§ if they do not mix, even though in the real
world they do mix. This gooling Wifh altituéje without any. mixing is called the adiabatic

lapse rate.
o
The adiabatic lapse rate foﬁ_tiﬁ%turated air is 5.5° F per 1000 Feet.

Unsaturated air seldom cools at this rate, ho;i(/éVéF,‘beoause of mixing and other factors.

Saturated air cools at_ﬁén—even lower rate, Sk pér 1000 f—e"e,,t, called the moist adiabatic
rate. The reason that ituis lower than the dry rate is that:as air cools, some of its water

vapor condenses, and the condensation warmssthe air, thereby.slowing the cooling rate.

When the air cools atrless than the _dry adiabatic rate, it is considered
stable. if something,pushes this air up or.down, it will return to its ariginal level. Stable air
seldom moves vertically. Stable air will hold in smoke but reduce fire activity. As the
earth's surface cools the air next to it at night, it makes the air more stable, enabling fires
to "lie down" at night, especially in valleys. Stable air can be identified by noticing haze,
layered clouds, steady winds, or fogs; any smoke columns tend to drift apart after only a

short rise.
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If the air stays at the same location when lifted or forced downward, it is
neutral. Neutral air usually remains calm because its temperature lapse rate equals the

dry adiabatic rate.

On the other hand, if the air continues to move in the same direction, it is
unstable. The temperature lapse rate of unstable air exceeds the dry adiabatic rate.
Unstable air usually rises and keep going up dntil it reaches air it own temperature. On a
hot day the air is so hot near.the grounthhat i*Coolssmuch faster than air cooling at the
dry adiabatic rate, thereiere heaiing is one caused ofwunstable air. When air becomes
unstable, fire activity inCreases and the tall smoke columns carry firebrands high up in

the air. Finally, the sun's warmth causes air to be more unstable during the day than it is

at night. L 4
. 4
Air stability, simply"m"eans tﬁé‘f the air tends to move up or down until it
4 s
vl ok
reaches air its own temperattire; Above the earth's surface, the various layers of air may

have different degrees of stability-or instab“iﬁty;When an air layer is lifted, the lifting

stretches the top of the dayerfartherfrom-the-botiom.—this-sifetching then increases the
difference in temperature throughout the layer, which makes the air less stable. Surface

heating, cold fronts, and mountains all can lift. air layers.

Although unstable air causes fire problems, stable air can also lead to
dangeroustfire behaviofiwhenta high-gressurersystemienters an arealllh high-pressure
system, ‘the air sinks to the earth's surface and diminishes fire activity because it
reduces vertical motion. While the air sinks, it warms and the relative humidity drops,
which increases fire activity. In a high-pressure area, the air high above the ground can
be warmer than that on the surface; that is, it is a temperature inversion. Inversions often
occur at night when the ground cools off and cools the air just above it. This cool air

runs downhill and collects in the valleys. Because night inversions usually do not extend
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to the ridge tops, they can slow a fire in a valley that still is burning actively on the ridge

tops.

Because of this tendency for the inversions to form, the areas halfway up
the slopes are the warmest and driest. It is called thermal belts, which are warm
because they are above the nighttime inversions but below the ridge tops' cool winds
and temperatures. Fire, then, are more activejn.these belts than in the areas above and

below them.

Furthermoregwinversions trap smoke in the valleys, and so planes

spraying fire retardants or helicopters with water buckets. must wait for the inversion to

end before they can fly dHowever,/when ei[\'inversion does end, the air often becomes
unstable which can causg a Suddeh inorea;fse in fire activity (Fuller,1991).

® Convective or local Wind"s,.{--_!

'!.1'!‘

lll-"

The local winds. caused byEa’gi_ng differences are called convective

winds, because the figating causing the air to-move. Th_eée winds blow harder in the

mountains and near the<ocean. In the mountains they blowthpslope during the day and
downslope at night. Asﬂ-the sun warms the slopes in the morning, the air above them
warms and rise§, and the cool air from the base of the slopes move uphill to replace it.
At night the air ‘over the slopes cools faster than _does that in the,valleys, becomes
heavier‘than the air, below it, and.slewly. moves back down the slepes as a downslope
wind. When it flows into the valley, it pushes the air down the valley (Figure 2-4).
Upslope winds may reach 15 miles an hour and contain turbulence, but downslope

winds blow smoothly at only 2 or 3 miles an hour.

The times when upslope change to downslope winds and the strength of

those winds are depend on the number of hours of sunlight that the slope receives.
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Because south and west slopes receive sunlight for more hours of the day, the air above
them is hotter and so produces stronger slope winds. Upslope winds here also begin
earlier in the day and change to downslope winds later than do winds on north slopes,

which get less sun.

On hot days, when the air heats above the slopes and spirals up in

columns, it draws in the surrou # These whirlwinds are caused by very

unstable air and obstacles i 2 'ﬁes that start the air spinning. The

an hour. Within a fire, they are
called fire whirls. Anot ¢ ind uri understorm, when rain or hail

cools the air and causes ftsy and th inds of foehn wind are most

Figure 2-4 The occurrence of Convective or Local winds (Fuller,1991).
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® Foehn Winds

A foehn wind is produced when the air descends a mountain range;
warming as it falls and speeding up in response to gravity (Figure 2-5). When the air is
lifted over a mountain range, it loses moisture and so will be much warmer when it
descends on the outer side by means of gravity, in a wind called a foehn, Chinook, or
other local name. Foehn winds are usually mueh warmer than normal for the season.
They may develop in severalkways. In thg firstprevailing winds force a layer of moist air
from a low pressure-area”over.a_ range into a high=pressure area. The air loses its
moisture through precipitation as'it climbsiand cools at the moist adiabatic rate because
it is saturated. As the air gees/down.the lrige.'side of the range, it is no longer saturated,
and so the increasing aig pressure \‘/varrgs it at the much faster dry adiabatic rate.

Therefore, the air becomes much warmer aer d,_rier than it was on the windward side.

i ?I F‘
ald v ol
The second type of foehn Win;j:_i§-'paused by a low-pressure area on one

side of a mountain range and- a.cold high‘r“ére;sure area on the other, but with only

gentle prevailing winMis_casMhewﬁxd_blows_naiQ_ra'lly from the high pressure

toward the low pressure, The air warms in the same way as it descends and under the

force of gravity, pushes out the surface air as,fast as 90 miles per hour.

Inythe third kind of foehn wind, a high-pressure area extends across an
entire mountain“range.fAs thé airof the high-pressure) arearrisesyand cools, it loses
moisture,lthen warms, and speeds up as it descends. All foehn winds cause fires to

spread rapidly, just as winds associated with warm and cold fronts do (Fuller,1991).
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Cooling at Moist
: Adiabauc Rate

(Fuller, 1991).

® Fire weather ;(—;tﬁm—ol

A,
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Z often appear in the daily
weather reports; otherﬁ‘é , thﬂas it affects forest fires. Fire
managers have named tgeé;me when firesa,e most active, usually from 10 AM. to 5

.ol ) ) BBV s o comnon

called the fire season The typical fire season in=an area is its fire climate. The fire

oimac ot e R i e e ok Y £

These terms have resulted from research on fire weather. Researchers at
the Forest Fire Laboratory of the Pacific Southwest Forest and Range Experiment Station
in Riverside, California, USA, have found that the short-range variations in weather make
it difficult to forecast it for longer periods. Because small variations do not slow up in the

large-scale processes that influence the variations, errors can multiply rapidly. Because



29

the measurements sometimes contain errors and data are lacking for some parts of the
country, the longer the computer models run, the greater such errors become.
Therefore, weather forecasts usually are accurate for only one to three days. At the
Riverside Lab researchers are also trying to find out how weather creates large areas of
high fire danger, by correlating past weather records with fire records and by gathering
statistics on the relationship of conditions /in. the upper atmosphere to those of the

surface weather (Fuller,1991).
-

2.3.7 Mosaic pattern'of forest fire

Forest fires createaariedl and broken patterns, called mosaics that are typical of
forest ecosystems. Because ,0f this Variaﬁoh, only a third of this vegetation within the

perimeter of a large fire actually burns (Fhllér, 1991). Fires cause mosaic patterns by

burning at different intensities” in* different places and by burning different areas in
' a1
different years. Each area or. "piege"-_bf the mq_séiﬁ is called a patch; the study of these is

called patch dynamics. There are several rea;:_’_o_r]s_f_or the varying intensity.

1) Sihc_;eﬁe night temperature inversions réqgce the wind, fires burn less
vigorously at night than during the day. As a result, crown fires may drop to the surface

at night, where they usually*kill only the understory of the_trees.

2) Fuel moisture varies with the location. As the sun shines on south
slopes for more hours*eachday, they dry aut more_than|de northislopes and also burn
better. Moreover, a forest of older trees has a large percentage of dead material, so that

fire will kill more of its trees.

3) Fires do not normally pass through areas that have been burned

recently; that is, old burns tend to stop fires.
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4) Fire burning in strong winds sometimes damage trees less because
the wind blows the flames and hot gases to the lee side of the tree, where the trunk of

the tree acts like a chimney to channel them upward.

5) Mosaics also result from differences among tree species in how easily
their foliage burns. For instance, foliage that contains oils, resins, or other flammable

liquids burns quickly and intensely (Fuller,1994),

2.4 Previous investigation en forest fire assessment

" |

The previous investigations on forest fire assessment have been studied in many

_—

parts of the world. Some' important Iiter%tuf'es have been briefly reviewed below in

il

chronological order to be the background information.

i 4 )
iid 1

Flannigan and Vonderhazr (1986) conducted a study using the advanced very

high resolution radiometer to menitor forest fires during a severe fire outbreak in north

central Alberta betweefi June 12 and June 21, 1982 A-multispectral technique was
used to indentify forest fires and estimate forest fire size. The study was concluded that
satellite observations of forest fires are not sufficiently accurate but they are of value in

providing a rapid, inéxpensive supplement, especially'in remateiforested areas.

Belda and~Melia;(2002)" examined the" variability| of mermalized difference
vegetation index (NDVI) on forest vegetation in Alicante, Spain between 1984 and 1994
and to analyze the influence of climatic parameters in the regeneration of forest areas
burned by fires. Landsat TM images from 1984 to 1994 were used to calculate the NDVI.
Geographical Information System was used to monitor forest vegetation and its

relationship with climatic parameters, that is, rainfall and soil moisture.



31

Jaiswal et al. (2002) concluded that the evolved GIS-based forest fire risk model
was found to be in strong agreement with actual fire-affected sites. The study proposed
that the fire proneness of any area depends on many factors such as vegetation
type/density, humidity of the area, proximity to settlements and distances from road. A
geographic information system (GIS) was used effectively to combine different forest-
fire-causing factors for demarcating the farest fire risk zone map. Forest fire risk zones
were delineated by assigning subjective’ weights to the classes of all the layers

according to their sensitivity to fire.or thelr firesinducing capability.

Loboda and Csiszar (2007) used the Fire Spread Reconstruction (FSR) to

provide a method for characterization of ‘fire occurrence over large territories from

remotely sensed data. FSRideiermines the‘}number of fire events, their approximate size,
duration, and fire spread raté and allows f!ojr,__thg analysis of fire occurrence and spread

as a function of vegetation, fire sea-éon, firé-f;)e_ather and other parameters. FSR is also
used to identify the points of ignitioa-for individual fire events in spatio-temporal domain

o el

for fire danger and fireithreat modeling.

Vafeidis (2007‘) proposed the method for modellin'gjthe hydrologic response of
catchments to burning r\ﬂ/vith the use of remotg sensing an(;i GIS. The model incorporates
the effects of forest.fire on the panameters that control erosionusing remotely sensed
estimates of the characteristics of the fire, such astthe temperatureiand the extent. The
method was implemented in fouriregions in Greece where-severé ‘wildfires took place
during the summer of 1998. Pre-fire and post-fire model runs showed significant
changes in runoff and erosion patterns as a result of the passage of the fire and a

notable increase in the spatial variability of post-fire erosion rates.

Albuquerque et al. (2007) used map algebra in the geographic information

system environment to integrate climate model data with remote sensing data intending
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to obtain a wildfire hazard map. The model has provided relative humidity, components
of the horizontal wind and temperature. From the land cover phytophysionomic type
characterization, a forest wildfire fuel map has been created. The integration of the
different maps has been made using geographic information system and a new map
with its associated GIS database was generated showing the most vulnerable zones to

wildfire hazard.

Strino et al. (2007)-focused the study~on.ferest fires originated by accidental

-
human events. Digital Elevation Model - DEM was used to detect the topographic risks
looking for slope and orientation” parameters as well as the classification of vegetation

areas which play an impogtant'rule toé understand the green areas humidity. The areas

that may be susceptible tosoriginate fire adfidentally and quickly spread were classified

in different risk levels. The finalfresult Was!.i_]tysi_rated with a fire risk level map covering
the Metropolitan Area of Barcelonas !+ Sl
3 =7/,

lll-"

Fuller (1991) indicated. that trees cai[r:_laqée_ZO—BO% of their crown to fire before

the loss will affect thetr-growth-rate—the-cambiumyjust-insitie the bark, is a formative

layer that produces néw plants tissue. It is damaged moré by the duration of a fire than
by its intensity. The différence of tree species grow helpsﬁ determine a fire's intensity as
well. Thick bark protects against fire because fire can penetrate it deeply without injuring
the cambium. Deciduous trees resistifires better than evergreen treés do, because their
foliage contains more moisture’andfewer organic compounds than the'foliage of most
evergreens does. Furthermore, deciduous trees can grow new leaves each year. The
effects of fire on trees also depend on their stage of growth. As a consequence, inactive
plants resist heat better because their tissue moisture is low, but they also burn better

when they have little moisture. Conifers are most flammable in the spring, when the old
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needles reach their lowest annual moisture level and the new needles have not yet

grown, and in the fall when all the foliage has dried out and the older needles have died.

Fuller (1991) further concluded that the effects of forest fire on animals change
over time, but the biggest impact is the modification of their habitat. Few studies have
examined the adaptation of animals to fire, but biologists believe that animals with
flexible habits and diets thrive after fires and thatithose animals that eat foods found only
in mature forests seldom sukrvive. In Ionj; term), fire-creates more forest "edge", which
provides habitat for a wider variety: of animals than the forest did before the fire. The
effect of fire on animals depends onthe type of fire and type of vegetation. Fire in areas
of heavy fuel loading tends o Mbe.more intense and kills more animals, especially

invertebrates and micro—opganisms: GeneEalIay, vertebrates are rarely killed in fires and

where death does occur, it usually has a né:éjjigible effect on the species population.
Fuller (1991) studied thfa' effects of"_,fpi_rgst fire on soil and concluded that in
severe fires, only ashes remain.on-the surfac’g?_—-'a@dthe upper mineral soil is cooked and
discolored by a cheMi€alehaRgE—rle-SiuciES-Ol-EES-r Célifornia chaparral show that if
the soil surface reach‘es' 1000° F and 1 inch underground 'r;aches 400° F, the chemical
change will occur. As fi;e blackens the soil surface and re;moves the shade of the trees,
it raises surface temperatures in the post:fire environment'as much as 25° F. Nitrogen,
phosphorus, potassium, and calcium can vaporize in a severeifife. There is some
studies show'that after a fire the level ofithese minerals intshrubs-increases, but others
show no increase because the fertilizer effect varies with how much nitrogen vaporizes,
compared with how much ash and charcoal is deposited plus the effect of the fire on
soil microorganisms. Forest fire can also kill the symbiotic fungi called mycorrhizae that

grow on the roots of many shrubs and trees. Mycorrhizae get their food from their host

shrubs or trees and acts as auxiliary root hairs for the host plant. This fungus can
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recover rapidly after a fire. They need moisture more than the shrubs and trees do, and
most trees and shrubs depend on the mycorrhizae to help them absorb nutrients.
Therefore, drought will hinder their regrowth by preventing the mycorrhizae, and the

trees and shrubs from growing.

Fuller (1991) concluded that fire can damage the soil by burning the roots and
the humus that hold back the runoff and by buming the trees and shrubs that formerly
took up water. This damage-makes erosign maore likely. Fire can also cloud streams with
sediment, which may harm spawning fish. For these reasons, intense fires usually
damage the watershed. Thesadditional runoff and resulting erosion vary with the type of

the forest, the steepness of the slope, and the amount of precipitation soon after the

fires. The amount of erosion after a fire al‘?oa,depends on how rapidly plants cover the
ground, in some cases, it takes years, Ero'sj'g,n,!s worst where fire has deposited water-

. » o £y i
repellant layers in the soil. Since it‘increases soil and water temperance, fire changes
3 1)

streams and the life in and alor;g them. Thg_—}a‘ék of tree and shrub cover also causes

gl

more fluctuation in water temperatures daily and seasonally. The ash and the charcoal

raise the pH of the stféam, making the water more alkaline, Fire retardant chemicals can
also pollute the streams, but the effects are minor, and fesearchers are continuing to

improve the retardants {o reduce théirleffects.on water.

In Thailand, the literatures on“forest fire assessment and similar phenomena are

also reviewed in chionological ‘orderias-below.

According to the Forest Fire Control Division (2003), the occurrences of forest
fire in Thailand have been recorded since 1971, with the assistance of Canadian
International Development Agency. In the 1970s, the forest officers were trained for

modern forest fire control in Canada and the United States. Afterward, the Forest Fire
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Control Section was established under the Forest Management Division of Royal Forest

Department in 1976.

Royal Forest Department of Thailand (1992) reported that the forest fires
statistics indicate that almost all fires are caused by human especially by those who live
close to the forest. The various causes of forest fires and their relative importance are as

follows:

o To facilitate.collection of non-timberforest products (25%)
e Burning of agri€ulttral debris (20%)

e Forest comversiondo farmiand (19%)
e To drive animals orattract thém to burned areas during hunting (12%)

e Carelessness (12%) "

e Other causes (12%) ;
- iy
% il

Nipon Tangtham (1997) 'Sﬁnimarizedft_'ﬁé{ain Thailand, forest fires occur annually
during the dry season from Déecember to I\/Ié{/;"';i\fifh the most fires occurring in February
and March. Most are éurface*ﬁregw'rth—take-place mainty-in-diy diptetocarp forest, mixed
deciduous and fores£ plantations, including some extent |n dry evergreen forest, hill
evergreen forest or in rﬂs-ome parts of the tropical rainfofest. In remarkably dry areas,
double or multiple ‘recurrences of farest fires; in ong.season is common. These surface
fires consume litter and small vegetation. In the past decade, a notable number of crown
fires have occurred.in the pine-iorest. Moreover, ground'fires havelalsa'occurred even in
swamp forests in Southern Thailand, where they are pointed out as the heavy
disturbance to ecosystem.

Nipon Tangtham (1997) also reported that the forest fires affected areas each
year may be as much as 117 million rai, including multiple occurrences in the same
area. From the aerial surveys of fire affected areas showed that in 1984-1986 fire

occurred on about 19.5 million rai of forest. There was the repeated study in 1992, 1993,
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and 1994. It was showed that in the respective years, fire occurred on about 12.7, 9.2

and 4.77 million rai of forest.

San Kaitpraneet et al. (1997) presented that the effects of forest fires in Thailand

are as follows:

e Effect on vegetation and wildlife.
Fire can Kkill plants )d slow down their growth and

development. It has bet::‘?‘-’ tha'tjn a%young trees are killed and the
growth of the remaining o / 2 Moreover, approximately 80% of
roots at or near the su 20% of one to five-year old

L
trees have been estimated to.di ] I

o |
sediment and turgidit[hincrease along the rivers.
\

Soil and r losses in the heaviest, in the mixed

deciduous forest with mak are moderate and in the decmuous dipterocarps forest are

QRARATHNBI N 1A Y

Smoke remains in the atmosphere for weeks or even months after forest

fires. The various greenhouse gases were accumulatively released to the atmosphere. In

addition, smoke leads to reduction in light intensity, visibility, and scenic beauty.

e Economic losses.
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In terms of the value of trees alone, it has been estimated that annual losses
from forest fires may reach about 50 billion baht. Based on the calculation of
Pannaphitak et al. (1991) the values of fire damage for dry dipterocarp forests, mixed
deciduous forests, pine forests and reforested plantation are about 5,717, 2,460, 3,792,

and 1,400 baht per rai per year respectively.

Giri and Shrestha (2000) found that the Landsat Thematic Mapper ™ data is
extremely useful for accurate deIineationJand demareation of burned area that occurred
during the peak fire seasen of 1998 in the Kha Khaeng Wildlife Sanctuary of Thailand.
Their study is recommended 6 acquife and analyze multilayer and multiseasonal
satellite data in order to creaté a fire history of the area and to capture all forest fire
events of the season. It isfalso reoommer'zded to create a GIS database consisting of
biophysical and socio-economic _va_riables-._fr]_‘_ee;_ded for fire hazard mapping and forest

. ) , )
fire simulation. 7N

sty
—

Tanpipat and Honda (2002) carried.:oiu_'.t. the forest fire experiment using the
ThermoViewer to observe-thetemperature-change-before,~during and after the fire. The
experiment had been:COnducted not only the day of the forrrest fire experiment but also
continued for four mon£hs after the forest fire had been Qone. The results showed that
the temperature difference is significant in the afternoon; therefore, afternoon satellite

passing is better and suitable time fof active forestfires and burnedis¢ars detections.

Hoarse (2004) studied the process for community and government cooperation
to reduce the forest fire and smoke problem in Thailand. The study area is located in
Amphoe Song Khwae, Amphoe Chiang Klang and Amphoe Tha Wang Pha which are
the part of Nan watershed. The study showed that major causes of the smoke problem
are burning of grassland by hunters and uncontrolled burning of upland fields for

agriculture. Moderate causes of smoke were burning of grassland, urban and roadside
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fires, and burning of paddy rice straw. Hoarse also proposed that improved satellite
technology at lower cost is needed before it can be useful at the provincial or district

level for monitoring fires.

Anusorn Rungsiapnich and Kampanat Deeudomchan (2007) studied on forest

fire in Changwat Chiang Mai, Thailand by applied on the Remote Sensing data and

Geographic Information System 1S r riskiarea modeling. The result showed that

forest fire pattern occurs wave:lll 7
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CHAPTER llI

METHODOLOGY AND DATA PREPARATION

The sources of input data and the steps in image processing used remote
sensing are comprehensively explained hereafter indicate that as the data entry and
production are the most cumbersome and time consuming steps of any kinds of GIS

ata used in this thesis are prepared and

and remote sensing techniques. The th r/t
processed below. Meanwhil r mapping analysis in GIS-based
forest fire risk zoning techniques-are revigNed.-m the detailed statistic analysis of

the forest fire database e explained in the following

chapter.

3.1Phases of burned s pping an S-based forest fire risk

: PASTIIIRN N , o
The following phases canm stinguished inithe process of a risk analysis using

order or sequence tho@w ey may be overla@ing as follow:

) wawﬂmwmm

Phase 1: Defining of objective of study and the methods of analysis

9 RPARFR UN1INYIA 8

0 Data collection phases:
Phase 2: Collection of existing data (collection of existing maps and
reports with relevant data)
Phase 3: Image interpretation (interpretation of images and creation of

new input maps)
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Phase 4: Data base design (design of the database and definition of the
way in which the data will be collected and stored)
Phase 5: Fieldwork (to verify the image interpretation)

Phase 6: Laboratory analysis

® (IS work:

maps and attribute data)

Phase 7: Data entry ’z/}/’

Phase 8: Datawalic va &the entered data)
3 : -t

Phase 9: Dat ulati

data mﬁ)

tion (maﬂ% flo,rgand transformation of the raw
Phase

lysis)

lysis of data for preparation

of risk

processing capablll% and a relatlon ,- verlaying, modeling, and

integration with satellite images ar > system is preferred. The
] I}
program should be ;Jle to perform spatial analysis=on multiple-input maps and

connected attﬁuﬂf fﬁlﬂfﬂrﬂ %f%/ﬁ]&dﬂlsﬂcion and various other

spatial functionsy|

ammmm UANINYA Y

3.2 Thematlc data preparation from GIS and remote sensing techniques

Remote sensed data can be merged with other sources of geo-coded
information as a GIS. This allows the overlapping of several layers of information with the
remotely sensed data, and the application of a virtually unlimited number of forms of

data analysis.
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The input data used for forest fire detection in this thesis consists of several

spatial data categories from the available resources (as shown in Table 3-2), being

digitized from available maps and prepared from image interpretation, and from field

investigation data. These input data will be further used to analyze the dynamic behavior

of fire and fire risk locations by the statistic analysis in the Chapter 4.

The brief techniques and thematic maps. of the input data produced in this

thesis, namely, elevation-(slope and aspect), transportation, human settlement,

vegetation and land coverare consequently presented-as below.

Table 3-1 Overview of thefimpeortant input.'data themes that were pre-processed and

invented in this thesis.

_—

.

)

Main themes Sub-themes -Data preparation methodology
Elevation Slope ; Qerived from 1:50,000 scale digital map of
_:Léjﬁd Development Department (LDD)
Aspect -f)-é*-r_i\}ed fromy4:50,000 scale digital map of
7 Land Develbpﬁent Department (LDD)
Transportation Reads Derived from 1:50,000 scale digital map of
L.and Development Department (LDD)
Human settlement | Villages Derived from 1:50,000 scale digital map of
lrang-Development Pepartment (LDD)
Vegetation Vegetation Derived from interpretation of remote sensing
imageries and field investigation
Land cover Land cover Derived from interpretation of remote sensing

imageries and field investigation

Burned scar

inventory

Burned scars

Derived from interpretation of multi-temporal

remote sensing imageries and field

investigation
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3.2.1  Slope

The slope is a measurement of surface steepness and is calculated in
degrees of inclination. The color-coded slope map is conducted in Figure 3-1. The slope
has a range between 0 degree and 90 degrees, 0 degree representing the flat lying

areas and 90 degrees as the vertical ones. Any other value indicates the inclined areas.

In the center of the study area co " ile e that range between 0 to 10% while

the edge of the area consists ( between 15 to greater than 35%.
o , >
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Figure 3-1 Slope map of the study area.
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3.2.2 Aspect

The aspect is a measure of slope orientation and is calculated in
geographic directions as the azimuthal degree from the North. The color-coded aspect
map is presented in Figure 3-2. The aspect map reveals a range between -1 and 359, -1

representing the flat lying areas (no direction) and 0 as the North, and other values are

the azimuth measurement from
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Figure 3-2 Aspect map of the study area.
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3.2.3 Transportation

The presence of transportation such as road network might contribute
to the evolution of forest fire in the area. For the construction of transportation map, the
necessary features were derived from 1:50,000 scale digital maps of Land Development

Department (Figure 3-3).
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Figure 3-3 Transportation map of the study area.
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3.2.4 Human settlement

The presence of human settlement might contribute to the evolution of
forest fire in the area. For the construction of human settlement map, the necessary
features were derived from 1:50,000 scale digital maps of Land Development

Department (Figure 3-4).
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Figure 3-4 Human settlement map of the study area.
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3.2.5 Vegetation

The vegetation types were classified according to the moisture context
that has an influence on breaking out forest fire (Strino et al., 2007). Basically a
vegetation map is obtained by classifying remotely sensed images. Typically this is
performed by the spectral analysis of individual pixels and their association with other
neighboring pixels. The results of classification depend largely on the type of area, land-
cover type, and image acquisition date{.r The-classification of vegetation index (NDVI)
was carried out using image analysis techniques, and-image classification techniques

with ERDAS IMAGINE 8.5. .

® Data souices =

Classification of vegetatign_in thé::-JSEtLJJ_dy area was carried out using many
sources of remotely sensed daté,_ Souf’éﬁs_of data using for this research are
summarized in Table 3-2. Landé‘éf 5-TM acquﬂceiﬂ‘ on 20" and 29" December 2006 were
selected as primary remotely: -s'éhs-ed data.“ij-:s.-é;crfor classifying the vegetation in the

study area in the follov;ing data processing steps.

® Data procgssing

Individual, image” band” files™ obtained " from™ the Geo-Informatics and Space
Technolegy Bevelopment.Ageney-(GISTDA) were stacked wsing, the, layer stack function
in ERDAS IMAGINE 8.5 software to create a multi-band image file. Scenes acquired
from other data sources were presented in this way from the source. All files were
subset to an area which encompasses the upper Nan watershed area. In order to
determine the study area, the shapefile for the upper Nan watershed was converted to
an Imagine Area of Interest (AOI), which was utilized to extract the study area from the

full scene.
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Table 3-2 Satellite images that are used as a primary data source of this thesis.

Original
Image Type Acquisition date
Format Scale and Source
Resolution
Landsat-5 TM December 23, 1998 LGSOW 30 m. GISTDA
Landsat-5 TM December 30, 1998 y. LGSOW 30 m. GISTDA
Landsat-5 TM April 21, 1999 E LGSOW 30 m. GISTDA
Landsat-5 TM April 30,4999 : LGSOW 30 m. GISTDA
Landsat-5 TM Decerﬁ{e;-?& 2000 \'L LGSOW 30 m. GISTDA
Landsat-5 TM Jan@ﬂ, 2001 4 é LGSOW 30 m. GISTDA
Landsat-5 TM Apriﬁ 92001 T; LGSOW 30 m. GISTDA
Landsat-5 TM April-‘é’é, 2-001. E L |\ Lesow 30 m. GISTDA
Landsat-5 TM | December 12; 2_@03 %,T;J{,: LGSOW 30 m. GISTDA
Landsat-5 TM January 6 2604_ ;z LGSOW 30 m. GISTDA
Landsal-5 TM | Apil 18, 2004 = LESOW 30 m. GISTDA
Landsat-5 TM | Agdl 27, 2004 LGS_’Q‘_\A.; 30 m. GISTDA
Landsat-5 TM Deéember 20, 2006 LGSOW 30 m. GISTDA
Landsat-5 TM December 29, 2006 LGSOW 30 m. GISTDA
Landsat-5 TM April 20, 2007 LGSOW 30 m. GISTDA
Landsat-5 TM Aprili 27 42007 LGSOW 30 m. GISTDA
Remarks: GISTDA Geo-Informatics and Space Technology

Development Agency (Public Organization)
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To compare images from different acquisition times, it is necessary to correct for
natural fluctuations in the earth's orbit and the images relational aspect to the sun.
Before any image enhancement techniques are performed, adjustments must be made
to the raw digital numbers (DNs). These values, as they appear in raw Landsat imagery,
do not reflect the effects of the elliptical orbit of the Earth around the sun. In addition to
orbital fluctuations, adjustments must be made to account for the changing solar
illumination. Digital numbers.must be scaledsto.an "at sensor" reflectance value to
account for variations in atmospheric cénditions and solar illumination fluctuations. In

processing the raw imagesthrough a reflectance model, much of this atmospheric noise

1
can be normalized to simplify valid multi—‘gemporal image comparison (Campbell, 2002;

NASA, 2006). ' 4
é -;i é
The Landsat Imagery obtained ﬁEQ___mJ_.GISTDA on 23 December 1998, 30

December 1998, 21 April 1999, 30'-April 19’9@728 December 2000, 4 January 2001, 19
: 7l

April 2001, 26 April 2001, 12 December 20@3,‘_6 January 2004, 18 April 2004, 27 April

2004, 20 December 2006, 29- December QOOB, 20 Apiil 2007 and 27 April 2007,

respectively, were geometrically and radiometrically corrected, and therefore were only
run through the refleCtance portion of the model. Images corrected to "at sensor”

reflectance wefe used exclasivelyifar alllimage 'derived products.

The Geometric Correction of the SatellitesRata was useditd avoid geometric
distortions inthe'abovetsatellite images it 'consists'off the selection of-suitable Ground
Control Points (GCPs), determination of parameters, and resampling. The GCPs were

obtained from the 1:50,000 Royal Thai Survey Department topographic maps.

Second order polynomials transformation was found to be the best for rectifying
the image. The pixel size was resampled to 25 meters using nearest neighbor method

for all image data.
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Normalized Difference Vegetation Index (NDVI) was used to classify the
vegetation in this research. A vegetation index is a value that is calculated from sets of
remotely sensed data that is used to quantify the vegetative cover on the Earth's
surface. Though many vegetation indices exist, the most widely used index is the NDVI.
Like most other vegetation indices, NDVI is calculated as a ratio between measured
reflectivity in the red- and near infrared portions of the electromagnetic spectrum. These
two spectral bands are chosen because theysaresmost affected by the absorption of
chlorophyll in leafy green vegetation aﬁrd by the density of green vegetation on the
surface. Also, in the red-.and near-infrared bands, the contrast between vegetation and

soil is at a maximum (Reuse_et al, 1974).'. NDVI transformation is computed as the ratio

of the measured intensities in the red=(R) and near infrared (NIR) spectral bands using

the following formula. J

NDVI = (NIR¥-red) /%Nﬂ’R +red)...coeeeeeiiine (Equation 3-1)

#eid Jd
el

The resulting index va[ue__issensitiveftg»tht_a presence of vegetation on the land

surface and can be.used to address issues of vegetationtype, amount, and condition.

Many satellites have sensors that measure the red- and néar—infrared spectral bands,

and many variations onﬁNDVI exist. The index is written forﬁ Landsat TM and ETM+ as
NDVI'= (TM4=TMB)/(TM4+TM3) ... ... M (Equation 3-2)

Where TM4™anid TM3 are Landsat Thematic Mapper (or ETM+) band four and
band three. The Red and NIR images are used to calculate an NDVI value for each
pixel. The NDVI equation produces values in the range of -1.0 to 1.0, where vegetated
areas typically have values greater than zero, while the negative values indicate the non-
vegetated surface features such as water, barren, ice, snow, or clouds Difference NDVI

images can provide a quick and efficient measure of vegetation change due to the fire.
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The false color composite of Landsat 5-TM imageries (R=5, G=4, B=3) acquired
on 20" and 29" December 2006 were used in the classification of vegetation and land
cover. The vegetation can be classified ( After Cordova, 2009) in fresh, fresh-like, moist,

dry and very dry as show in Figure 3-5.
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Figure 3-5 Vegetation map of the study area in 2007.
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3.2.6 Land cover

The land cover in upper Nan watershed in 2007 derived from
interpretation of remote sensing imageries and field investigation (Figure 3-6). The
classification of land cover was carried out using image analysis techniques, and image

classification techniques with ERDAS IMAGINE 8.5 and ArcGIS 9.2.

® Data sources

-
Classification of land=cover in ithe study-area was carried out using many

sources of remotely -sénsed” data. ' Sources of data using for this research are
]

" |

summarized in Table 3=2. Landsat 5~IM acquired on 20th and 29" December 2006 were

selected as primary émotély Sensed dafa used for classifying the vegetation in the
)

study area in the following data pr(_)cessing'}_‘,tep_s.

sid '-f-..r.-'..
® Data processing - =

lll-"

After the Landsat imagefies were preparedsin the,data possessing that were

mention in the claééification of vegetation. The land i"g_c-aver was classified using
supervised classificatio,[-l method. The intention of land coyer classification process is to
categorize all pixels in a digital image into one of several land cover classes or themes.
This categorized .data 'set will then be"used to produce thematic maps of land cover
presented jnzansimagen Thematiesmaps jpravide an easily interpretable summary with

which the eventual end user can make the well- informed decisions.

In conventional classification of multi spectral data, the maximum likelihood
classifier is considered to provide the best results since it takes into account the shape,
size and orientation of a cluster. Based on the class mean and the variance-covariance

matrix, an unknown pixel is assigned to the most likely class.
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Maximum likelihood classification (MLC) technique was employed to perform the
classification of an unknown pixel. This technique had been found to be the most
accurate procedure in quantitatively evaluate both the variance and correlation of the

category spectral reflectance patterns. The land cover/land use was classified into four

categories, based on vegetation characteristics and field investigations.

2150000

2100000

2000000

0 510 0 30
e, | lOMEETS

.

750000

I Forest AredlS

)R

| Agricultural Area

- Water Body

Nodata

650000

700000

750000

Figure 3-6 Land cover map of the study area in 2007.
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3.2.7 Burned scar inventory

Numerous methods have been used to identify burned versus unburned pixels
in a scene. In this research, several of the proposed methods were tested against one
another to determine the most useful method for burned area extraction in the upper
Nan watershed. Both single image and multi-date methods were used and compared.
This semi-automated method was compared i0 a manually created burned scar map for
verification. Although handmade fire sczir outhines.were created for this research, their
construction is unrealistiesfor day-to day management practices. The need for the
development of a generalized burned scar extraction method is readily apparent when

the difficult task of manually'defining burnedareas is undertaken.

_—

® Data sourges J

Classification of vegetation sin thé’.f-_é-tgdy area was carried out using many

sources of remotely sensed data. Sources Of data using for this research are

te)

summarized in Table 3-1. I_Eéﬁ-dsat 5—TMJé-C>aIJ‘ired ong23" December 1998, 30"

December 1998, 21" EEl 1999, 30" April 1999, 28" Decé}ﬁber 2000, 4" January 2001,
19" April 2001, 26" Ap#il 2001, 12" December 2003, 6" danuary 2004, 18" April 2004,
27" April 200420 Deeember 2006, 29 +December 2006,.20 “April 2007 and 27" April
2007, respectively, were selected as primary remotely sensed data used for classifying

the vedetation in the study.area;inthe following dataiprocessing 'steps!

® Data processing

In the study of burned scar mapping in Spain, the researcher found it difficult to
distinguish unburned areas from lightly burned area using Landsat TM imagery because
of an increase in post-fire soil reflectance (Chuvieco and Congalton, 1988). They

maintained that band ratio could be used to improve results. Numerous band
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combinations and transformations have been used in the field of forest fire study. The
spectral reflectance characteristics of burned areas allow researchers to exploit the
wavelength sensitivities of the sensor. The radiometric capabilities of Earth monitoring
satellites can be capitalized on through the use of spectral indices. By utilizing a ratio or
linear combination of spectral bands, a great deal of information can be gathered about
the effects and extent of a fire. The process;of band ratio of indices can also provide a
semi-automated process which can speed the.purned scar mapping process as well as
reduce problems associated with interpréter subjectivity. Numerous methods use these

theories in the study of ferest.iires, but significant differences between methodologies
|
have been reported (Coppin.and Bauer, 1996).

_—

Differenced Normalized Bupn Rati% (ANBR) is the index that was used to map
and monitor the forest firg affec_:tg_d areé:s{__i I_he Normalized Burn Ratio (NBR) was

presented by Key and Benson'{2004) "'té"dachieve a greater accuracy than the
: ]

Normalized Difference Vegetatio;n Index (ND‘]WT_iE their study. Under the joint NPS-USGS

el

National Burn SeveritysMapping Project, Key‘and Benson put a method that capitalizes

on the post-fire reaction of vegetation in the near and mid inffared wavelengths.

The NBR inde; is Jbased on the idea that intforested areas, the post-fire
reflectance is |decreased ip the near-infrared (NIR) owingl te' the removal of green
vegetation. The middle-infrared (MIR) simultaneously increases Because the burned
area is dry. The' NBR ‘includes Bandi4 reflectance (TM4), which! naturally responds
positively to leaf area and plant productivity, and Band 7 reflectance (TM7), which
positively reacts to drying and some non-vegetated surface. The NBR has a theoretical
range from -1.0 to +1.0. It is positive when TM4 is greater than TM7. This occurs over

most vegetated areas that are productive. The NBR is negative when TM7 is greater
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than TM4.This show severe water stress in plants and the non-vegetated characteristic

within burned areas. The NBR index can be written as:
NBR=(TM4-TM7)/(TM4 +TM 7).................. (Equation 3-3)
NBR = Normalized Burn Ratio

TM4 = Reflectance of band 4 1II image data
TM7 = Reflectance of b@ ffyata

> ,
—-— |

To generate dNB o ) "=ipc l}JBR image for each post-fire
acquired date was ded \ AW cquired most recently before
the fire. The dNBR provi - ! | \\O to +2.0.The calculation of
dNBR is: :

point image with theoreti ge values are hypothesized

areas, a strong positive vglue in the NBR is expected with the removal of vegetation, but

a negative reaﬂuaﬂ;@ %EjrwggsW%}qﬂa@ to the quick response

of actively repobﬂdlatlng grasses.

LRIAN) F0HMANEAY. ... ...

areas fall out at a value near zero. Pixel values with a strong negative value theoretically
represent an area of renewed energy due to the positive effects of fire (Key and Benson,
2004). The NBR and dNBR have been successful in several burned scar mapping

studies. They have been implemented as reliable measures of fire extent and severity,
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and are now the primary method utilized when mapping large remote fires which occur

on public lands (Cocke et al., 2005).

The explanations of “burned area” are the important subject of the research in
remote sensing. Several studies that related to "burned area mapping" have analyzed
the spectral properties of burned areas and compared them to the spectral properties of
other land-cover types. In summary, burned areas are characterized by an increase in
the visible and middle-infrared.and a deSrease in.the near-infrared part of the spectrum
when compared with healthy vegetation| However, it'has been shown that burned area
are characterized by "SpegifiC speciral ‘properties that vary depend on the type of
ecosystem, the length of time between fire occurrence, spectral data acquisition and the

severity of fires. Consequently, this ;anakz,les,- us to distinguish them from other land

features (Chuvieco, 1999 cited in E’a!_andjia'r.fgt al., 2008).

\ £
add v ol
Therefore, if the burned area perimeter mapping is the goal, images should be

acquired within one growing season after ﬁi‘if:e_-.',_']'he dNBR also shows problems when
dealing with drought'jsuuauons_lﬁey_and_aensmzau)igremarked that because the
index uses two bands that are sensitive to vegetation and isoil moisture, burned areas of

low severity can be difficult.to distinguish from,unburned areas during an extremely dry

period.

In thisiresedreh il andsat-6 TV imagetieSiacquired @urifig £992:2006 (Table 3-2)
were used to get the burned scar maps. The imageries were first resampled to achieve

25 m pixel size. The Landsat imagery consists of seven spectral bands, Band 1, 0.45-
0.52Um (blue), Band 2, 0.52-0.60lUm (green), Band 3, 0.63-0.69Um (red), Band 4,
0.77-0.90ltm (Near Infrared), Band 5, 1.55-1.75lUm (Short-wave Infrared), Band 6,

10.40-12.50Um (Thermal Infrared), and Band 7, 2.09-2.35Um (Short-wave Infrared).
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The difference Normalized Burn Ratio (dNBR) was applied to the Landsat
imagery in order to utilize pixels that showed a low return in band four and a relatively
high return in band seven. The dNBR model was run using the image subset and dNBR
values generated for each pixel. In a grey scale display of the image, the level slice

function was used to operate the image while comparing the identified pixels to the 7, 4,

2 band combination to identify b - A minimum was established such that

pixels with a value of zero ors ‘ urned. This range of values did not

account for all pixels W@W @cars, but including pixels with a
M Ntside the burned scars being

value of greater than ze
identified as burned. T representation reflecting the

identification as burne led=—The r iNg\,i e was then run through an

reference point), the visual mtem"; he difference Normalized Burn Ratio
_,_,.-,,f,,,h:

(dNBR) were used tpﬁgther A combmahon_oj‘? Bands 7-4-2 (Figure 3-7)

>;jel:pretatlon ' ics such as shape, pattern,
| :

was used in the visu

color, site, and activity“in a burned region are also usep Forest areas appear in pale

green and ngrﬂgﬁ ﬁﬁwwﬁwﬂﬁsﬂﬁomwn color. Then the

polygon of burnéd scars was manualﬁy digitized F|gure 3-8, 3-9, 3- 10 3-11and 3-12).
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® Accuracy assessment of burned scar mapping

A complete accuracy test of a burned scar map would be a verification of every
pixel. Obviously this is impossible and indeed defeats the purpose of the image
classification. Therefore, representative test areas must be used instead to estimate the
map accuracy with as little error as possible. Then user's accuracy (or map accuracy)

IE&) of the map in how well the map
ourli. g& illustrated the survey tracks for
- T ——
atioh or'trated in Appendix.

which a map user is intereste

represents what be really

field data investigation.

630000

(=1 i=]
o~ o~
1 '
= ~
1 £
8 8

Field Investigation

—— Road
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r T T
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Figure 3-13 Field investigation located in Landsat 5-TM(R=5, G=4, B=3)
acquired on 28" December 2000 and 4" January 2001.
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The field investigation was mainly done in Ban San Charoen, Tambon Pha
Thong, Amphoe Tha Wang Pha; Tambon Phu Kha, Amphoe Pua; Tambon Silaphet,
Amphoe Pua; and Tambon Auan , Amphoe Pua, Changwat Nan. Moreover, there were
an information interviews at Ban San Charoen, Tambon Pha Thong, Amphoe Tha Wang

Pha, and Nan Forest Fire Control Station, Tambon Wora Nakorn, Amphoe Pua,

Changwat Nan. (Figure 3-14, 3-15, 3-16)

Figure 3-14 Field investigation located in Ban San Charoen, Tambon Pha Thong,

Amphoe Tha Wang Pha, Changwat Nan.
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Figure 3-15 Field invr ligation located in hoe Pua, Changwat Nan.
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CHAPTER IV

ANALYSIS AND RESULTS

The satellite images and dNBR index were used in this research to detect the
occurrence of forest fire during 1999 — 2007. The final result shows changing in spatial

patterns and dynamic behaviors of forest fire in upper Nan watershed, as well as the

From the resu j-r S 16 scenes of Landsat 5-TM

) the largest forest fire area

ea. There was a significant

increase in the burned area in 2001. However, the burned areas were slightly decreased

in 2004 and 2ﬂﬁ§t@w(ﬁ%%§weﬁ>qrﬁ? polygons in 1999 are

small but they became larger in 200} 2004 and 2007 Finally, it Could be noticed that

ot QARG R TR D) e v

mainly mq(he northern part of the study area.
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Figure 4-1 Burned scars map in the upper Nan watershed in 1999
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Figure 4-2 Burned scars map in the upper Nan watershed in 2001
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Figure 4-3 Burned scars map in the upper Nan watershed in 2004

70



2150000

2100000

2050000

2000000

650000 700000 750000
L !

Kilometers

2150000

2100000

2050000

2000000

T T T
650000 700000 750000

Figure 4-4 Burned scars map in the upper Nan watershed in 2007
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Table 4-1 Burned scar areas in upper Nan watershed during 1999-2007

Burned area

Amphoe 1999 2001 2004 2007 Total

Km)| % |[Km)| % |[(Km)| % [Km)| % |[Km)| %

Mueang Nan | 956.67 1.3 | 013 | 89 | 093 | 18,6 | 1.95 | 16.3 | 1.70 | 451 | 4.71

Chiang Klang | 319.41 20 | 064 | 03 | 008 4021 | 0.67 | 41 1.29 | 8.6 | 2.69

Tha Wang Pha | 689.05 | 1.0 .04} 9.3 | 1.35|-6.1 | 0.88 | 95 | 1.38 | 256.8 | 3.74

Thung Chang | 647.28 | 6.3 +0.98 3.7‘.JI 056 | 76 1118 | 39 | 060 | 21.5 | 3.32

Na Noi 1257.74 | 0.04| 000 |/:0.7 |0.06 | 00 | 0.00 | 0.2 | 0.01 | 0.9 | 0.07

Pua 916.46 | 9.341 FOF ¢16.5 § 480 | 13.2 | 1.44 | 20.0 | 2.18 | 58.9 | 6.43

Wiang Sa 2147.27 | 1.5 § Ol07 |¥11:3 _"'5@'.5"2 16 | 0.07 | 0.8 | 0.04 | 151 | 0.70

Mae Charim | 984.40 | 0.0 |f0.09.{ 7.6 | 0.804| 0.1 | 0.01 | 0.0 | 0.00 | 80 | 0.81

BanlLuang | 4134 | 15 | 372 28 | 673110 | 252 | 00 | 000 | 54 [12.97

Na Muen 816.84 | ~07[70:09°| 22027 | 01 @01 15 1018 | 45 | 0.55

Santisuk 40125 | 07 | 018 | 6.1 | 153 | 06 | 015 | 00 | 000 | 7.5 | 1.86

Bo Kluea 854:354 |1 k1 A5042 |5 13:94 | 21635 | 48:6+ 2418+ 8.2 | 0.96 | 41.7 | 4.88

Song Khwae | 521900 | 5.0 | 0.95 | 10.3 | 198 | 57 | 1.09 | 0.0 | 0.00 | 21.0 | 4.02

Chaloem Phea| 11600 016 4l | odrd |73 [V1l20] | a1’ | (068 || (§4.67) 2.39 | 30.5 | 5.00

Kiat

Phu Phiang 45504 | 22 | 048 | 59 | 130 | 16 | 035 | 14 | 031 | 111 | 2.44

Total 11617.11| 37.0 | 0.32 |106.9| 0.92 | 81.1 | 0.70 | 80.4 | 0.69 |305.4 | 2.63
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Figure 4-7 Graph shows percentage of burned area in the upper Nan watershed during

1999-2007.
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The forest fire area when plotted in a time sequence from 1999 to 2007 shows
trends of forest fire. These trends can be used to predict the forest fire area in the near
future. According to the administrative area, the trend of forest fire occurrence is
increasing in Amphoe Pua, Amphoe Mueang Nan, Amphoe Chiang Klang, Amphoe Bo
Kluea, Amphoe Song Khwae and Amphoe Charoem Phra Kiat (Figure 4-6). However,
longer time period should have been studied in order to confirm the trends of forest fire

in this research.
-

In conclusion, therresulis ef this research reveal that most of the forest fires
were occurred in Amphoe Rua (5639 Kmf), Amphoe Mueang Nan (45.1 Km®), Amphoe
Bo Kluea (41.7 sz), Amphoe/Charoem Phra Kiat (30.5 sz) and Amphoe Tha Wang

_—

Pha (25.8 sz) (Figure 46). Furthermore:l when focus on the burned areas that are
expressed as a percentage of the total é_fe_;__a,;__the high percentage were occurred in
Amphoe Ban Luang (12.97%), Amphoe Pﬂja _(6.43%), Amphoe Bo Kluea (4.88%),
Amphoe Mueang Nan (4.71%) and Amphoe SUng Khwae (4.02%) (Figure 4-7).

o el

4.2 Relationship between burned areas and slope

The cofrfelation fatios were performed onithe relationship between the detected
burned areas and each parameter’s range. The ratio between the area of the detected
burned'scar (hereafter to be called b, for.convenience) andthe area of the non-detected
burned scar (hereafter to be called a, for convenience) was calculated as probability of
forest fire susceptibility in each parameter’'s range. The b/a ratio equal 1 defines an
average value, greater than 1 means a high correlation, and less than 1 means a low

correlation. A high correlation indicates a high probability of the forest fire susceptibility
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in each forest fire influencing parameter. Such relationships in the upper Nan watershed
were briefly concluded below.

As mentioned in the previous chapter, fire travels most rapidly up slopes and
less down slopes. Gentler slope is expected to have low areas of burned scars because

of generally lower effect associated with topography.

Forest fire susceptibility in this thesis was preliminary analyzed by univariant
probability method to present the spatialJreIationship between the burned scar locations
and each of available forestfire influencing parameters(Pradhan and Awang, 2006). For
slope as a parameter, the areas/oi burne‘p scar for a given interval of slope angle were

noted as shown in Figures'4-8, 4-9.and 4-10 and Table 4-2 and 4-3. The ratio were

_—

determined by calculatingsthe bur—nec] scar.areas for each 5 degree interval of slope
4
angle, then ratios of areas which burned sé:a_r,s,_were detected and areas which burned

scars are not detected (hereafter? to béi?;alled b/a ratio, for convenience) were
calculated. The b/a ratio indicated-the suspep‘tibility or probability of each interval of

slope angle to forest fifie.

For area in .s‘lope below 5%, the b/a ratio was 6.38, indicating a very low
probability. From 5 to 16%, the b/a ratio was,1.17, indicati’ng a high probability. From 10
to 15%, the b/a ratioswas 0.89,/Iindicating a;maderate probability. From 15 to 20%, the
b/a ratio was 1.38, indicating a high probability. Frem 20 to 25%, the/b/a ratio was 1.23,
indicating a high ‘probability. (Fromt286%t030%, the b/a lwatio 'was 0.76, indicating a
moderate probability. From 30 to 35%, the b/a ratio was 0.45, indicating a low
probability. For the slope that greater than 35% the b/a ratio was 1.53, indicating a very

high probability.
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Table 4-2 Burned scar occurred in each slope class in upper Nan watershed

Area (sz)
Slope
1999 2001 2004 2007 Total
0-5% 3.60 0.44 2.89 8.94 21.87
5-10% 10.05 27.60 17.27 15.37 70.29
10-15% 5.66 18.34 14.57 12.69 51.26
15-20% 7.10 16.32 21.88 20.24 65.73
20-25% 1.08 15.27 10.99 11.52 38.86
25-30% A7 pr 4.1,£O 442 3.25 12.48
30-35% 061 ? 0.21"6 ) 1.06 1.46 3.40
>35% 8b0 1.8.45‘; | 8.16 6.97 41.75
Total 37 ':196.95?; . 81.24 80.45 305.64
A
Table 4-3 Relation of burned scafs.@d slopei_i':rfi',gbper Nan watershed
’ -.JBurned scar did not Burned;':ré_gar occur
Slope % if - X b/a
Area (km’) | Ratio (%), a | Area (km’) | Ratio (%), b
0-5% 2222.65 18169 21.87 716 0.38
5-10% 2346.26 19.73 70.29 23.00 1.17
10-15% 2248.48 18.90 5126 16. 77 0.89
15-20% 1851.80 15.57 65.73 21.51 1.38
20-25% 1231.07 10.35 38.86 12.71 1.23
25-30% 640.03 5.38 12.48 4.08 0.76
30-35% 29413 2.47 3.40 1.11 0.45
greater than 35% | 1060.27 8.91 41.75 13.66 1.53
Total 11894.69 100.00 305.64 100.00
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4.3 Relationship between burned areas and aspect

In case of aspect or direction that a slope facet, the frequencies were
determined by calculating the burned scars areas for a given slope aspect and are
presented in Figures 4-11, 4-12 and 4-13 and Table 4-4 and 4-5. Theoretically, the
aspect is an essential component in forest fire analysis because some directions of
slope facets are affected the i ue to the sunlight. Theoretically, in
south, southeastern and s 7 L‘é@ prone to fire.

For the area i

0.89, indicating a moderate
probability. In north a ating a very low probability. In
northeast aspect, the igh probability. In northwest
aspect, the b/a ratio b bility. In south aspect, the b/a
ratio was 1.23, indicating a hig ';"" n [y ‘ \‘ aspect, the b/a ratio was 1.38,
indicating a high probability -:;.". he ...,.f. ect, the b/a ratio was 0.76, indicating a

moderate probability. In west aspe ‘aratio was 0.45, indicating a low probability.

M,

2
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Table 4-4 Burned scar occurred in each aspect class in upper Nan watershed

Aspect Area (Km®)
1999 2001 2004 2007 Total
E 5.66 18.34 14.57 12.69 51.26
N 3.60 6.44 2.89 8.94 21.87
NE 10.05 27.60 17.27 15.37 70.29
NW 8.20 18.43 7’ . 8.16 6.97 41.75
S 1.08 15.27 10.99 11.52 38.86
SE 7-10, - 16.92 21.88 20.24 65.73
sw 0.2 240 4:42 3.25 12.48
W 0.9/ 20264 1.06 1.46 3.40
f .-".- _ - -
/ £/ : EL
/ _ :
Table 4-5 Relation of bumeﬁ sgars ahd aspect in upper Nan watershed
Iy ‘,-'J'I:"..
AT 7_—" _*T.__.e f‘
Aspect Burned scar did‘ho@bcur ;_'*:-fBurned scar occur b/a
Area (Km?) | Ratio (%), a -;—?I}At‘réa"(sz) _Ratio (%), a
E 2248:‘483 18.90 51.06 +16.77 0.89
\ "

N 2222.65 18.69 21.87 T 7.16 0.38

NE 234626 _ | 19.73 70.29 | 23.00 117

NW 1060.27 8.91 41.75 13.66 1.53

S 1281.07 10.35 38.86 12.71 1.23

SE 185130 15.57 65.73 21.51 1.38

SW 640.03 5.38 12.48 4.08 0.76

W 294.13 2.47 3.40 1.11 0.45

Total 11894.69 100.00 305.64 100.00 1.00
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Figure 4-13 Histogram distribution of b/a ratio on aspect
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4 .4 Relationship between burned areas and distance from road

In relationship between burned areas and buffering distance from road, the
frequencies were determined by calculating the burned scar areas for the different
range of buffering distance from road (Figures 4-14, 4-15 and 4-16 and Table 4-6 and 4-

7). It is noted that low probabilities were commonly observed in the area which buffering

distance from road was in the r n 100 m and between 100-200 m that

the b/a ratios were 0.46 a lerate probabilities were commonly

\K\' was in the ranges between
\ os were 0.53, and 0.57, respectively.
NN

e area which buffering distance

—=
RN

observed in the area
200-300 m and 300-
Whereas a high prob

from road was more t
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Figure 4-14 Buffering distance from road map overlain with burned scars

(grouped in black color) in upper Nan watershed
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Table 4-6 Burned scar occurred in each buffering distance from road in upper Nan

watershed
Distance Area (sz)
from road 1999 2001 2004 2007 Total
<100 m 0.34 0.75 3.38
100 - 200 m ] 0.81 1.60 712
200 - 300 m . — 34 2.64 11.27
100 - 200 05| res 3.89 15.99
m / \%\ -
>400m 76.41 289.18
a4
Table 4-7 Relation of bur a 'éh‘ ( g from road in upper Nan
Al \
watershed -ﬁ*ﬁg‘c X
*?1‘”’: / \

e 1

Distance from road Burned sc e -j‘b‘f"" urned scar occur b/a
Area A Ratio | sz)‘ Ratio (%), a
<100 m — = 1.03 0.46
100 - 200 m 2.18 0.49
g I
200 -300m 887.50 6.50 | 11.27 3.45 0.53
o (V]
300 -400 m 0.57
> 400 m 113
Total Qja‘ 51 0 326.94] m
¢ Tl yud



87

Burned Area (sq.km.)
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Figure 4-16 Histogram distribution of b/a ratio on buffering distance from road
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4.5 Relationship between burned areas and distance from settlement

In relationship between burned areas and buffering distance from settlement,
the frequencies were determined by calculating the burned scar areas for the different
range of buffering distance from settlement (Figures 4-17, 4-18 and 4-19 and Table 4-8
and 4-9). It is noted that moderate probabllltles were observed in the area which
buffering distance from settlem y
than 1,000 m. that the ere

probabilities were ge

nges of more than 4,000 m. and less

, respectively. Whereas high
ich buffering distance from
1, between 2,000-3,000 m, and

settlement were in th

between 1,000-2,000 rél 129, .30 \ 9, respectively.
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Figure 4-17 Buffering distance from settlement map overlain with burned scars

(grouped in black color) in upper Nan watershed
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Table 4-8 Burned scar occurred in each buffering distance from settlement in upper Nan

watershed
Distance from Area (sz)
settiement 1999 2001 2004 2007 Total
<1000 m 6.92 8.14 10.95 37.98
1000 - 2000 m 13.41 | z 20.47 22.77 84.43
2000 - 3000 m 8. ——-%189 19.55 74.86
3000 - 4000 m 22 10.50 52.22
AT
> 4000 m 7] \ 16.54 55.46
G
Table 4-9 Relation of bur a én [J gdi from settlement in upper Nan
o T
watershed TR
WA

Distance from

(i ir )
Burne scﬂﬂiﬁl__-jﬁf

urned scar occur

— b/a
settlement ﬂiﬁtfod}(' Al Ratio (%), a
Ll
<1000 m IS 12.45 0.86
1000 - 2000 m ' 27.69 1.29
2000 - 3000 m 44.30 18.92 74.86 24.55 1.30
F- ot
3000 - 4000 m i@%‘ g|w1§%g|ﬁlﬂﬁ 1713 1.29
> 4000 m LT 3774.52 31.81 55.46 18.19 0.57
'Y

o

Total w ’] |
9
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Figure 4-19 Histogram distribution of b/a ratio on buffering distance from settlement
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4.5 Relationship between burned areas and vegetation

The vegetation in upper Nan watershed derived from interpretation of remote
sensing imageries acquired on 20" and 29" December 2006. The vegetation types were
classified according to the moisture context that has an influence on breaking out forest

fire. The areas of burned scars for a given vegetation type were also determined (as

shown in Table 4-10, and Figure 4-2 . , -22). It was note that high probabilities
were observed in fresh-like-and fre ) the b/a ratios were 1.44 and 1.18,
respectively. Moderate were u\ rved vist and dry vegetation that the

NS

b/a ratios were 0.99 a D '~.;\o ty was generally observed in

very dry vegetation th

ﬂ‘UEl’J‘VIEWlﬁWEI']ﬂ?
Qﬁqﬁﬁﬂ‘iﬁuﬂ'ﬂﬂmﬂﬂﬂ



650000 700000 750000

o o
o o
S 1 B
uw o uwn
& .3 ~
Phayao
o (=]
o o
S 7 B
o o
& &
Lao PDR

o o
o [=]
[= - o
(o] ; o

Phare g
8 I i3 8
S . -3
8 s - a t b=t
S 10 10 40 — -

- = - 1 ,-/u
/ poo
2 ; ' Legend
i
iy - Burned Area
vi O )
- e b lam
; m resh
" o ,c'?' :
- X,

e v 7 AT

B Ory

0 6 1 2 3 4 - Very Dry
W Kilometers

Figure 4-20 Vegetation map overlain with burned scars (grouped in black color)

in upper Nan watershed



Table 4-10 Relation of burned scars and vegetation in upper Nan watershed

Burned scar did not
Burned scar occur

Vegetation type oceur b/a

Area (kmz) Ratio (%), a | Area (km2) Ratio (%), b

Fresh 1325.82 10.97 10.42 12.98 1.18

Fresh-like 3136.33 2595 30.09 37.47 1.44

] X l V
Moist 4599.6,, 061 3017 37.57 0.99
: —— /
Dry 8.00 9.96 0.59
Very Dry 2.02 0.25
100.00
35.00 5
A
30.00 =
2500 +—
’-‘-\ k - -
£ 20.00 b
g
8 15.00
<
10.00 [#4
5.00
q i"] '
|
20.00
Fresh Fresh-like Moist Dry Very Dry
Type of vegetation

Figure 4-21 Histogram distribution of burned scars on vegetation
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Figure 4 510 Eim%:?g-r t@b on vegetation
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4.6 Relationship between Ware s and land cover

44 =

(A

The land cover. Nan

u:'\ m interpretation of remote

sensing imageries aoqmed on 20 and December 2@6. The areas of burned scars

for a given typ jgdgﬁzﬁ ﬂﬁiﬁdﬁjﬁ Table 4-11, and Figure
4-23, 4-24, anﬂ was not robabilit served in forest areas
CLL &m‘ﬁruw LD

agricultufal areas that the b/a ratios were 0.71 and 0.65, whereas a very low probability

was generally observed in water body areas that the b/a ratio was 0.32.

The results reveal that burned scars are mainly occurs in forest areas, built-up
areas and agricultural areas respectively. The land cover type that have no data are not

mentioned here because it is the area that cover with clouds and unclassified.
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in upper Nan watershed
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Table 4-11 Relation of burned scars and land cover in upper Nan watershed

Burned scar did not

Land Cover Type Burned scar occur b/a

occur

Area (kmz) Ratio (%), a | Area (km2) Ratio (%), b

Forest Area 6235.91 51.55 54.42 68.29 1.32

Built-up Area 434.46 2.02 2.53 0.71

Agricultural Area 4846 k\\:\ '“J 20.70 25.98 0.65

Water body ' 0.14 0.32

Nodata 3.06 0.70
100.00

50.00

40.00

30.00

Area|sq.km.)

20.00

10.00

v/
i' . Agriculfural Ares Nodata

Type of Land Cover

Figure 4-24 Histogram distribution of burned scars on land cover
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Strino et al. (n"}vg ‘1’ emote sensing results and

an efficient forestry Gycan work as a tool for an opermonal and practically oriented
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Methodology to get a fire risk map

LANDSAT Satellite

Remote sensingand
image processing

-— images,

GISspatial analysis
—_— 1999 - 2007

(ERDAS Software)

(ArcGIS Software)

Supervised

Remote sensin == Slope level
classification AT Digital
i dataanc Gl Elevation
image
Model - DEM

Aspect

Vegetation
Data Speetal equition . Distance
it sUtnming : | from the
. - ds

{ ' Special analysis . tueads )
7IEW et one) | s —

F i from the

FipalResuit settlement

r Judd (=]

IR AOr: \
, ol
Figure 4-26/Methodolo

tion is to link the spectral

ass valu@which can be displayed as a
map in order ﬁtﬁﬁiﬁnﬂvﬁamlﬁﬁaﬁﬁan accurate and cost
effective mann 'ﬁ.[l is“research, re are“two different Ki classification applied,
. L .. € . - q/ _—
the ﬂrs}qlwlpj‘uateﬁmoﬂﬁﬁaﬁﬁl Er]eﬁsa 8 the residential,

and road that could be important to understand the risk level as nearer they are from

characteristics of the igge to an

forests.

The Landsat TM imageries were used for defining and identifying the burned
areas and for estimating the vegetation loss. Besides the satellite data, the topography
will be important in this research. The data collected for this research were as follows:

vegetation, slope, aspect, transportation and human settlement.
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Vegetation

The vegetation types were classified according to the moisture context that has
an influence on breaking out forest fire. For example, the vegetation type that is very dry
is the most flammable whereas the fresh type is inflammable. Therefore, to compare
images from different dates is to classify the two images separately and to compare the

statistical results. The classification o

W images were used in land cover analyses

/@ore the fire and that after the fire. In
usions, n@l operations in the GIS analysis

and in determining change be
order to obtain more acc

were formed.

The classific e carried out using image

analysis techniques, ith ERDAS IMAGINE 8.5 and
ArcGis 9.2. The veget esh-like, moist, dry and very

dry(Cordova, 2009).

The input information o )V  fired cing factors indicates the weights in
the fire risk in an area: The vere analyzed in-the-fQ owing order of importance:
vegetation type, slop a S ahd settlements. First classes

represent high risk areas and last classes represent minor risk areas. Each class has

d'ffefe”twe@“ﬂuﬂ’ﬁVlﬂﬂ‘ﬁwmﬂ‘i
Qﬁﬂﬂﬂﬂ‘im UANAINYA Y
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Flgure 4 27 The vegetatlon map of the study area
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Table 4-12 Perca"]tage of Vegetatlongndex

2150000
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&
Vegetation m a (%)
Fresh i 1336.24 10.98
Fresh-like 3166.42 26.02
Moist 4629.83 38.05
Dry 2059.69 16.93
Very Dry 976.40 8.02
Total 12168.58 100.00
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Percentage of Vegetation Index

8.02%

16.93%

® Fresh

i Fresh-like
Moist

® Dry

m Very Dry

3
e\ion index

A0e of ve
¥

Topography ismn imp ic factor which is related to wind

behavior, and therefore affects the fire ignitiohs of the areafindrews and Chase, 1989).

o tucrod oG Aol £ bkl o
) MERTARTY E ORI

(LDD). Ir]lthis research, the Slope influence behavior of fire was evaluated the second

itﬁa great number of high

highest weight. From the literature review fire moves most rapidly up slopes and less
down slopes. Slope classes were created according to this rule. From figure 4-29, the
slope range illustrate the fire risk level, the high risk level could shown by the red color
reducing to the green one. Aspect was assigned equal weight with slope. Because the

sunlight is much more reflected on the slopes in the south, fire breaks out fast and
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spreads in the south sides. From figure 4-31, sun path and time affect always over the
green areas and as we knew the southern said is longer and high of the sunlight during

the day for that reason show has high fire risk zones.

?SDDIOO
= a5
U

I 25-35% [ ¥}

AN A SN 91578 ¢

8
™~
9 e e ({ometers
T
650000 700000 750000

Figure 4-29 The slope map of the study area
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Table 4-13 Percentage of slope index

Slope % Area (sz) Area (%)
<5% 2244 .52 18.40
5-10% 2416.55 19.81
10-25% 5487.20 44,98
25-35% 950.04 7.79
> 35% ‘ 9.03
Total 100.00

m< 5%
R i = = 5-10%
Y £ 10-25%
| il = 25-35%
m> 35%

AUEINENIMNS
RINNINANINGAY

Figure 4-30 Percentage of slope index
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Flgure 4-31 The aspect map of the study area
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Table 4-14 Perc&lﬂage of aspect mdgx
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q mecl a q i I ] _‘ \rea rh2 B - a (%)
Flat i 6088.62 49.91
E 2299.74 18.85
N 2244.52 18.40
W 297.52 2.44
S 1269.92 10.41
Total 12200.33 100.00
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Percentage of Aspect Index

2.44%
m Flat
mE
N
18.40%
W
mS

® Distance from roads '_: -

o,
ETTITR
Lo

-

Forests cantbe ans, animals and vehicles.
Therefore, forests that‘aré“ near roads 5k areas. Distance from roads were
evaluated the third hlghegtglelght (Strino etﬁaj 2007). In this research, the main roads

o v b ¥ B 19 s o e

decreases farther from these areast It means that,a zone closeato these areas was

vt iwelow] 3 64 AT IVE TR E



Table 4-15 Percg*tage of distance frgm road index

Figure 4-33 The map show dlstance from main roads in the study area
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=4
Distance fro a (Km” B a (%)
<100 mIFI 310.27 2.22
100 - 200 m 609.40 4.36
200 - 300 m 898.77 6.43
300-400m 1178.67 8.43
> 400 m 10991.33 78.57
Total 13988.44 100.00
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Percentage of distance from road index

2.22% 4 36%

E<100m

m100-200m

200-300 m

m300-400m

H>400m

h of dstX\fr% road index

o F

Y
Forests whlch\Iocated ﬁeﬁ?’éettlam considered to be more fire risk
b Ve
areas. Due to the people who fiv re: sva lhigher possibility to create

— -
accidental fire. Moreovg, some crowded nents arq.f_lbcated within the forest in the

study area. That is the “reason why it is fnteresting to study them. Distance from

settlements w%yﬂq jqw&]/hg (j e &Jg ﬁa 2007). In this case

humanq Wp.f]a anﬁg.j@ r [ )‘?ﬁ yp.i ﬁ!ﬂom figure 4-35,
pl

the buffeq zone range that was ap |ed aroun t e urban areas so close areas have high

risk of fire.
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Table 4«16 e of dist ronys lq augl
Distance from settlement ~ Area (sz) ' /IA_'rea (%)

>4000 m 3829.97 2.22
3000 - 4000 m 1628.87 4.36
2000 - 3000 m 2319.17 6.43
1000 - 2000 m 2631.75 8.43
<1000 m 1760.24 78.57
Total 12170.00 100.00
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Percentage of distance from settlement index

B >4000m
m3000-4000m
2000 - 3000 m
B 1000-2000m
H<1000m

The equatio

can be shown below: j

ﬂ u EZ’J?%EJ %ﬁ %FEID’.] ﬂ‘j .......... (Equation 4-1)
'“m@%ﬁ’] ANNIUUMIINYINY

= index of forest fire risk zones.
V = vegetation type with 5 classes.
S = the slope factor with 5 classes.
A = the aspect variable with 5 classes.
DR = the distance factor from road with 5 classes.

DU = the distance factor from settlement with 5 classes.
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In Table 4-17, the weight of main parameters, namely vegetation, slope, aspect,
distance roads and distance settlements were used in the above equation and were
evaluated according to their relations with fire forest risk detection areas (Strino et al.,
2007). GIS analysis function was used to combine the maps and develop functions to
analyze those main parameters. Finally, the fire risk zone map was synthesized and

produced.

Based on equatio are converted into raster layers
and in ArcGIS 9.2 softw. ers are intre Jra in-map calculation function using
weighted sum comm i The weighted sum function is done by

overlaying several raster plying' ea by their given weight and

summing them together. proce: -.\ ‘s{\ final result fire risk base map
appears (Figure 4-37). LA atistic 1\"\ weight classses, the map is
reclassified into five areas a slow, oV oderate, high, and very high. The forest

Y]

§
AULINENINYINS
AN TUNN NN Y
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Table 4-17 The main parameters, with its weight and resulting classes, that were used to

analyze the fire rating risk classes (Strino et al., 2007).

Parameters Weight Classes Factors Fire Rating Classes
Vegetation 7 Very Dry 5 Very High
Dry 4 High
Moist 3 Medium
Freshslike 2 Low
Fresh 1 Very Low
Slope /5 A 3‘i5 5 Very High
- Pl s =25 4 High
"'f %25 —TJO; 3 Medium
'y %40 5 2 Low
" A <% 5 f ' 1 Very Low
Aspect 8 J4sSouth A; 5 Very High
OWest ik 4 High
£ t’ East % 7 Medium
: Ff North o Low
- Flat - Very low
Distance roads B < 100"m 5 Very High
100 —200 m 4 High
200+ 360y 3 Megdium
300-400'm 2 Low
> 400 m 1 Very Low
Distance settlements 3 <1000 m 5 Very High
1000 - 2000 m 4 High
2000 — 3000 m 3 Medium
3000 - 4000 m 2 Low
>4000 m 1 Very low
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Forest Fire Risk Zone
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Figure 4-37 Forest fire risk map in upper Nan watershed (Strino’s parameter)

2000000



2150000

2100000

2050000

2000000

650000 700000 750000

114

(=]
L S
o
uw
~
[=]
LS
S
&
[=]
L8
(=]
3
o™
Forest Fire Risk Zone
' High
a L
AR VY1) e |
: 3
o
! B Low g
0 510 20 30 40
e ey, | ilometers [ ]VeryLow
Ll T 1
650000 700000 750000

Figure 4-38 Forest fire risk map in upper Nan watershed

which is reclassified into 5 classes (Strino’s parameter)
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In the map calculation function the value ranges from 23-105. After reclassify
using Jenks Natural Breaks method in ArcGIS 9.2 software, the areas under very low,
low, moderate, high, and very high are 16.2%, 24.5%, 27.1%, 22%, and 10.2%

respectively.(Figure 4-39)
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Table 4-18 The main parameters, with its weight and modified resulting classes, that

were used to analyze the fire rating risk classes (Adapted from Strino et al., 2007).

Parameters Weight Classes Factors Fire Rating Classes
Vegetation 7 Very Dry 1 Very Low
Dry 2 Low
Moist 3 Medium
Fresh-Like - 5 Very High
Fresh’ 4 High
Slope = >/96 35 5 Very High
o ey 2 Low
[ 9% 25 210 3 Medium
r £ N3 10 b4 4 High
’ _ {% 5 “! g 1 Very Low
Aspect "5 South j‘!: 5 Very High
: ‘;:‘Q"iVest jz‘ 2 Low
Bast /S YSSE 3, Medium
T North 7 J Very Low
- Flat 4‘ High
Distance roads ) 3 <100 m _-1 Very Low
100~ 200im 2 Low
200 - 300 m 3 Medium
800+ 400m 4 tigh
> 400 m 5 Very High
Distance settlements 3 <1000 m 2 Low
1000 - 2000 m 4 High
2000 — 3000 m 5 Very High
3000 — 4000 m 4 High
> 4000 m 3 Medium
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Forest Fire Risk Zone
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Figure 4-40 Forest fire risk map in upper Nan watershed (Parameter from this study)
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Figure 4-41 Forest fire risk map in upper Nan watershed

which is reclassified into 5 classes (Parameter from this study)
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The criteria used for forest fire risk modelling in this research affirmed that
vegetation is the most important factor in the modelling. As fuel is the main factor in the
occurrence of fire the fuel or vegetation index has been given weight of seven. Slope
and aspect is given weight of five. The roads and settlement index was given weight of
three. The road and settelment are given the lowest weight because these act both as

hazard and barrier to fire management.

As mention previously, the spatial relationships between burmed scar occurrence

w
locations and the signifieant forest fire influencing parameters were derived from the
probability method. Later, these significaﬁﬂt influencing parameters were used to modify

the fire rating risk classes iniorder to analyze the forest fire risk zone (Table 4-18).

_—

After modified the value of: fire ra:'t_in;j classes, the value in the map function

calculation ranges from 26-110."The forest fire risk map shows in Figure 4-40. After
. i
add v ol

reclassify, the areas underivery low, low, {,T_?__()'_ggarate, high, and very high are 7.9%,

11.7%, 26.5%, 33.4%, and 20.5% .respectiveI;;(.Ejgure 4-41 and 4-42).

This forest firg #isk map shows that very high and hi‘Qh risk areas are occurred in
the high mountainous and steep topographic areas on bath sides of the watershed. Very
low and low risk areas .are occurred. in the.flood plain-area. on the center of the

watershed which the land cover are the urban and agricultural areas.

The'finall results from this,research can be.used as/a spatialidata for decision
making in handling, monitoring, and controlling the forest fires in order to enhance the
fire management efficiency. In the absence of a scale map temperature, rainfall moisture
content, humidity and wind velocity of the study area, an attempt has been made to use
the remote sensing technology and the GIS software to generate the forest fire risk map

of the area.
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Validation of the model and its operation will require much more input than what
was available and discussed in this research. With limits options and time it was
attempted to do justice to the fire risk modelling, the model has been attempted to

validated within itself using the weights assigned to different layers.
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Figure 4-42 Graph SBW@ risk-area (Parameter from this study).

A

Moreover, the palygo sca_rﬁere used to overlain on both

forest fire risk maps F|gweé -43 and 4-44) q_;]e forest fire burned scars were grouped

into 3 sizes ﬂ&&]@%& V& 71T 1Fm, meoium sice (e

polygons WhICh are between 0.1 — 1ﬁ<m and largessize (the polygohs which are more
than 1 a\ ﬂl@hﬂr flim ;VI w ’1’; nﬂrg ijoalculated from
Strino’s parameter shows that there is no relation between the forest fire burned scars and
the forest fire risk areas (Figure 4-45). However, the graph of forest fire patch size in each
forest fire risk area calculated from the parameter in this study shows correlation between

the forest fires burned scars and the forest fire risk areas (Figure 4-46).
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CHAPTER V
DISCUSSIONS AND CONCLUSIONS
5.1 Discussions

In this part, the results of the study methods as previously mentioned are
discussed in three categories. Firstly, the forest fire susceptibility results are proposed
and discussed. Secondly, the results from forest fire risks analysis are discussed. Finally

the problems and recommendations in this research are discussed.
-

® Forest fire suseepiibility:
In this research; a Statisticiial approach to estimating the forest fire burn
area using remote sensing techniqué and the GIS.was performed. For the forest fire

susceptibility analysis, the détected burr'.'ii scar locations and the forest fire related

database were constructed for-the upper Nan watershed. Using the constructed
" a §
vl ok

database, forest fire susceptibility, analysis{_--vjvﬁs done by probability method. It is

remarked that the probability methed is sim,{_j_.l_ei_and the process of input, calculation

and output could be-understood easily. Moreover, there is no need to convert the

database to any othef format, as the large amount of data’ éan be processed in the GIS

environment quickly and easily.

The relationship "of burn‘area“and relévant parameters was analyzed for
forest fire psuseeptibility .assessment pusings the ~prebability »method, @and forest fire
susceptibility map as mentioned above. In the upper Nan watershed, burn scar
locations detected in multi-temporal satellite image as well as in field investigation were
put into a GIS database. Besides, various maps were constructed from the burn area

relevant parameters derived from the database as illustrated in Chapter 4.

The significant influencing parameters involved in the forest fire

susceptibility analysis are slope, aspect, distance from road, distance from settlement,
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vegetation and land cover. Using the parameters above, probability method was
applied to analyze the forest fire risk areas. The analyzed results were used to

reconstruct the GIS database, then to maps.

® Forest fire risks analysis.

The forest fire susceptibility map and relevant maps as previously
proposed in Chapter 4 might be of great help.io planners and engineers for choosing
suitable locations to implement develop_)jments in=the upper Nan watershed. Besides,
forest fire risk map that was reclassified into five areas'as very low, low, moderate, high,
and very high was also illustrated .in Figu‘[e 4-41 as the forest fire risk map in the upper

Nan watershed. It was noted that the very low to very high risk area were occurred here.

_—

The causes of forest fire rh the upper Nan watershed are numerous.

Gatherers of non-timber products"in j‘orest s;ié:rt’fire to clear litter, grass and undergrowth
add v ol
on the surface floor to facilitate aecess to the forest. In order to prepare agricultural land

after harvesting or clear cutting of industrial;ﬂii){aﬁations, local farmers usually start fire

without any control overtheni:

The national fire management and science communities require remote
sensing mapping and egharacterizationsof. vegetation becausessemotely sensed data is
relatively reliablej timely and cost effective. In this research Landsat imageries have

been usedito estimate.forest cover and-buri @rea that occurred after forest fire.

Accuracy assessment was performed based on the field data collected
during the field investigation. This included data obtained from field survey and fire
registered by the fire-fighting group of Nan forest fire control station. It was found that

the composition of forest cover is changing in those areas where forest fire occurred.
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® Problems and recommendations
There are some problems in carrying out this research. The 30 meters
resolution of the satellite data prohibits the interpretation capabilities result in reducing
the classification accuracy. Moreover, the presence of clouds in the study area is the
limitation for the classification of forest fires in this study. It is recommended that multi-
resolution data, such as IKONOS and SPQT'can be also used. It is also recommended

to acquire and analyze multitemporal satellite.datato prepare historic forest fire maps.

-
The analysis can show the origingoccurrence and. extent of forest fire events.

The results filom.this research can be used as basic data to assist forest

fire and forest management planhing. Figure 5-1 is an.example for the map in details

_—

that can be used to helps planning forest ﬂ’Ee management in the specific area. The map

shows the occurrences of forest fires.in Té}pbgn Sakad, Amphoe Pua, Changwat Nan
' )
during 1999-2007. The map also shows the increasing trends of forest fires from 1999 to

2007. In 1999, the forest fires oécur_red n th?{s_buthern part of the study area, after that

i el

they moved to the _é:_astern and northern part of the stg‘d_y area in 2001 and 2004.

However, in 2007 mostof the forest fires occurred in the eastern part of the study area.
Moreover, it can be noticed that the sizes of forest fire polygons in each year are

became larger.

For the research to Be more genérally applied, mere forest fire data
related such as temperature, rainfall;’humidity and wind velocity'that are not available in
the study as well as the advance and specific methods will be needed to be used in

detail for more accurate results in the future.
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Burned scars map in Tambon Sakad, Amphoe Pua,
Changwat Nan during 1999 - 2007

Burned Area

[ [REEE]
B 200
I 200
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5.2 Conclusions
e

i
In this researciﬂhreé data are ther@ic (GIS and remote sensing)

data preparation, field ifvesti ation, and Ié?abratogj‘analysis were used to study the

spatial pattern durEJﬁigJJ WEJ y]oitm :e]nf;:!)ejarea of Nan watershed

¢
during %ﬁORFﬁﬂﬁéfﬁ i:l;TﬁefT ﬁaﬁat ﬁjﬁr ters influencing
the forest fire and associated forest fire occurrence during 1999-2007 and to determine

the forest fire risk areas in upper Nan watershed in the upper Nan watershed, Changwat

Nan, Northern Thailand.

The input data used for forest fire assessment consists of several data
categories of spatial data from the available resources, digitizing from available maps,

and prepared from image interpretation and field investigation data. Thematic maps of
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the input data produced in this thesis consist of vegetation, slope, aspect, distance from
road, and distance from settlement. These input data were further used to analyze the

forest fire risk by the statistic analysis.

The burn scars maps show a significant increase in the burn area in 2001 after
that the burn areas were slightly decreased in 2004 and 2007. Furthermore, the sizes of
forest fire polygons in 1999 are small but they'became larger in 2001, 2004 and 2007. It
could be noticed that most.forest fire paLched are distributed on high mountainous and
steep slope that are mainlysin the.northern part of the'study area. It was concluded from
the burn scar map that'most.of the forest flires were oceurred in Amphoe Pua (58.9 Km2),
Amphoe Mueang Nan (451 sz), Amphoé Bo Kluea (41.7 sz), Amphoe Charoem Phra
Kiat (30.5 sz) and Amphoe Tha Wang I;?.;ha_;(25.8 sz). However, when focus on the
burn areas that are expressed;as 2 perce!ﬁt,___ag_e of the total area, the high percentage
were occurred in Amphoe Ban Luéng (12-@7%) Amphoe Pua (6.43%), Amphoe Bo

- - -'fj.."
Kluea (4.88%), Amphoe Mueang Nan (4.710@-3@ Amphoe Song Khwae (4.02%).

To investigate=the_parameters-infiuencing-the foreét— fire and associated forest
fire occurrence, the‘re'lationship of burn areas and eagh relevant parameter was
analyzed for forest fire ;usceptibility assessment using thé univariant probability method
and forest firel susceptibility:map. (Al key assumption using| this approach is that the
potential (occurrence possibility) off burn area weuld be comparable to the actual
frequency of burn ‘area‘andirelationships between €each iparameteriare-independent. In
upper Nan watershed, burn scar locations detected from Landsat satellite image
interpretation and field surveys were formed into a GIS database. Various maps were
constructed from the forest fire relevant parameters derived from the database. The
parameters involved in the forest fire susceptibility analysis are forest fire inventory of

burn scar locations, slope, aspect, land cover, distance from road and distance from
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settlement. Using these parameters, probability method was applied to analyze the
forest fire risk. The analyzed result was used to reconstruct the GIS database, and
mapped. Furthermore, calculation of forest fire susceptibility was applied to analyze the

forest fire risk area in the watershed.

Based on equation from Strino et al. (2007), the five layers are converted into
raster layers and intregrated in map calculation function. After reclassify using Jenks
Natural Breaks method in AicGIS 9.2 softwarethe areas under very low, low, moderate,

w

high, and very high are 166%, 39%,24.2%, 15.1%, and 6.1%, respectively.

The significant forest fire inﬂuenéing parameters. derived from the probability

method were used to modify the fife: raf[ggj risk classes. . After reclassify, the areas
under very low, low, modgrate, high: and véryJ;high are (.9%, 11.7%, 26.5%, 33.4%, and

20.5%, respectively. This forest fire risk map shows that very high and high risk areas
\ o
add v ol
are occurred in the high mountainous and ste_;g@jgopographic areas on both sides of the

watershed. Very low and low risk areas are dg:o;uj;reﬁ in the flood plain area on the center

of the watershed Whic'h the land coverare the urbanandaer¢cultural areas.

In recent years, /GIS and Remote Sensing have e€merged as a powerful tool in
collaboration with multitemporal .remote sensing data for studying and monitoring the
impact of manyyenvironmental factors. Many government agencies now use a wide
range «Of computer-basedinformationy systems, 10y handle jgeographic parts of their
business| especially mapping, by integrating spatial data collected from different
sources, and in different formats, into GIS. In this way, it is possible to address the
critical questions of how economics, meteorological, hydrological and other processes

interact with geographically disposed natural resources like forests.
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Because of its rich biological diversity, the Upper Nan Watershed forests are
very important, and forest fires are the most significant factor that threatening them.
Today, the concept of sustainable management of forest has changed considerably.
Moreover, advanced forest management systems play a vital part in organizing,
maintaining, accessing and reporting on all factors of forest information required to
support management planning functions 'such as control, scheduling and monitoring

resources for the future.
- |

Forestry in Thailand™ has~te change quickly=to adapt to this new concept;
however, there is still a'significant gap beltween what is possible, in terms of knowledge

and management from the ngw techniques such as remote sensing, and traditional

_—

forestry techniques. To reduce this-gap is ‘only possible if it is can be shown that digital
4
remote sensing techniques are at, Ieast as !é'c,cgrate and economically viable as current

operational tools, and that GIS can play-"’a- decisive role in the management and
,J.l
assessment stages of a forest managemem strategy An integrated management

ol

system could have an |mportant role in the planmng review and improvement of current

methods, principally through better modelling.

Although in re(;ent years technologies using GiS and remote sensing have
greatly increased in.fThailand, many of these GIS and remote sensing applications are
not fully integrated with organizationfprocesses as=well as being used to their greatest
potentialiini resources analysis. Success will alsofrequire~the \government initiative in
data management and in the integration of data flows within and between agencies. The
results presented here suggest that co-operative forest management program that
monitors assesses and reports on the long-term status, changes and trends in forest
ecosystem health, based on the new technologies, should be initiated, developed and

incorporated within the regional forest service or public sector.
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Photographs illustrating locations of the field investigation

(sample locations referred to Figure 3-14, 3-15 and 3-16).

Tambon Pha Thong, Amphoe Tha Wang Pha, Changwat Nan.
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Nan Forest Fire (%ntrol Station Tamborg;Phu Kha, Amgloe Pua, Chan%at Nan.
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Tambon Phu Kha, Amphoe Pua, Changwat Nan.
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