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PREDICTING FIRE BEHAVIOR IN HERBACEOUS FUEL
COMPLEX AT DOI ANGKHANG, CHIANGMAI PROVINCE.
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ABSTRACT

Predicting fire behavior in herbaceous fuel complex was conducted in
Summer, 1983 at Doi Angkhang, Fang District, Chiangmai Province, in order to
construct fuel model for herbaceous fuel complex and to predict fire behavior in
the herbaceous fuel complex at Doi Angkhang using Rothermel s fire spread model.
The herbaceous fuel complex was characterized and variables were adjusted for
use in Rothermels (19?2) spread model, The fire behavior predictions were
attempted in various conditions of wind speeds ranged from 0 to 10 miles per hour,
slopes ranged from 0 to 40 percent, and fuel moisture contents ranged from 5 to
20 percent. The program outputs were predicted rates of fire spread ranged from
0.022 to 2.978 meters per second, the predicted fire line intensities ranged from

491,121 to 97971.762 kilowatts per meter, and the predicted flame lengths ranged
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from 1.34 to 15.33 meters. Two experimental fires were conducted to test against
the predicted fire behaviors., The predicted values of fire line intensities and flame
lengths were closely agreed with the observed values, except, the predicted rate
of fire spread was five times less than the observed value, it might be due to
wind speed was not measured at the time of burning. However, the predicted
values of rate of fire spread are more reascnable to the given ranges of wind
speed, thus, the information of this study still be useful in fire management

planning and in land use planning.

INTRODUCTION

As known that most forests on mountaincus areas in the northern part
of Thailand have been illegally cut for shifting cultivation and then most areas
have been abandoned covering with dense grasses and forbs. During dry season,
the herbaceous plants are desiccated and inflammable the fires occur almost every
year. Because of frequent fire, no any economic tree takes place in the burned
area. For land use planning and fire control activity, the herbacecus plants as

fuel complex must be evaluated in term of fire behavior.

Recently, fuel evaluation in term of fire behavior in most part of the
United States of America by using Rothermel s fire spread model (Rothermel, 1972)
has been well succeeded. The method consists of fuel modelling and fire behavior
prediction. In fuel modelling, a fuel model, is a set of parameter inputs, required
for the solution of Rothermel s fire spread model, must be established by either
simulation or measurement. The parameter inputs include fuel loading, fuel bed
depth, heat content, particle density, total ash fraction, silica—free ash content,

surface area—to—volume ratio, moisture content, moisture content of extinction,
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wind speed and slope of terrain. Fire Dbchavior prediction, the parameter inputs
are specified and are solved via a computer program library, FIREMOD, which
was organized by Albini (1976). The program outputs are rate of fire spread,
fire intensity and flame length. The Rothermel s model predicts fire behavior well
enough if the fuel is relatively homogeneous, single layer and contiguous to the
ground but it can not be employed to predict crown fires and spotting conditions

(Rothermel, 1972).

Doi Angkhang in Chiangmai Province is one of the problem areas as
described earlier and the existing fuel condition in also corresponded to the
assumptions in Rothermel’s fire spread model. Yet, characteristics of fuel and fire
behavior at Dol Angkhang have not been documented. Thus, the purposes of this
study were to construct a fuel model of herbaceous fuel complex and to estimate
fire behavior in the herbaceous fuel complex using the Rothermel's fire spread
model. Besides, two experimental fires were conducted to observe actual fire
behavior. The predicted fire behavior was compared against observed fire behavior

so that adjustments could be made prior to use in critical application.

STUDY AREA

The study area is a part of Ang—Khang mountainous range, near Royal
Ang—Khang Station at Fang District in Chiangmai Province. The general area is
mountainous and undulating with the average elevation of 1400 meters above mean
sea level. The soil is classified into two great soil groups namely : yellow podzolic
and reddish brown lateritic soils within Pak—Chong Series. Soil textures of upper
and lower soil layers are clay loam and clay which are derived from shale and

limestone (Mantanont, 1977)
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The area is now classified as abandoned shifting cultivation covering
with dense grasses and forbs. The common species are Ya—kha (Impm*afa
cylindrica. Beauv.), Sab—maa (Ezfjmtorizmz adenophorum. Spreng.) and Goat-Chula-
lampa (Artemisia pallens wall. ex Bess.) and the less common species are Khlong—
kheng—khee—nok (Metastoma malabuthyicim. Linn.), Khai-poo—yai ( Rubus alcetfolius.
Poir.), Naam—khai—goong (Rubus elliplicus Sm.), Shown—pai (Pteridium aguilium
(L) Knhn.), Dua-—plong—din (Ficus semicordata T:E: Sm), Paya—doug (Palygmzz'um
chinense Linn.), Plug—plab (Commeling of palndosa BL.), Plai-sarn (Ezt?‘ya acuminaia
DC.), Ma—dua—hom (Ficus hirta Vahl.), and Ma~mui  (Macuna gigantea DC.),

The vegetation is a single layer and exists in large expanses of continuous fuel

that is contiguous to the ground.
The climate of the area is cool and wet all year round due to high

elevation and mountainous area. However, the climate can be classfied into three

seasons namely ! Rainy season starts from May to September, Winter starts from

QOctober to February, and Summer starts from March to May. The climatic data

recorded at Angkhang experimental station about ten years revealed that the
average monthly precipitation is about 107.7 mm., the average temperature is about
17.5 C with the average values of maximum and minimum are £3.4 C and 11.5 C,

respectively, and the average relative humidity is about 70.9% with the average

values of maximum and minimum are 91.5% and 50.2%, respectively (Chunkao, 1982).

METHODS
Site Selection and Plot Layout

Site selection was made in November, 1982. The selected site would
3
be a representative site in the area. Two sample plots, 20x20 m size of each,

were laid out side by side, approximately 20 meters apart. Thirty meter wide

fireline was made around each sample plot,
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Data Collection

The aims of this study are to construct fuel model and to estimate
fire behavior using Rothermel method. The parameter inputs required by the
method are heat contents, fuel particle density, mineral content, silica free minerals,
surface area-to-volume ratio, fuel loading, fuel depth, fuel particle moisture content,
moisture content of extinction, wind speed, and terrain slope. To complete the
parameter input set, the data sources include field procedure, laboratory procedure

and literature citation as following :

Field Procedure

Fuel moistuve content
Six vegetative samples hoth live and dead were collected in plastic

bottles which were sealed for subsequent analysis.

Fuel depth

Fuel depth, here in, is the height of vegetation which was measured
in March, 1983. Six measurement were taken in each plot by random sampling
and the average value was then computed as a representative fuel depth in the

area.

Fuel loading

Fuel loading is the ovendried weight of vegetation per unit area.
Six vegetative samples within 1x1 m2 plot in size of each were clipped closed to
the ground and weighed. Then, the fresh weight was converted to overdried
weight when its moisture content was known.

Wind speed

Wind speed was measured using pocket wind meter for several times

in summer to obtain representive values of minimum and maximum in the area.
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Terrain slope
The terrain slope was measured by using Haga hypsometer.
Office and Laboratory Procedure

Fuel moisture content

The collected vegetation samples were weighed and were ovendried
at 70 C for 24 hours. Dried samples were weighed and fuel moisture contents
were determined as follow

Fresh weight — Ovendried wright

% Moisture content = x 100
Ovendried weight

Fuel loading

Fresh weight values of fuel loading were converted to ovendried
weight and then average value from six samples was calculated.

Mineral or ash content

Ash content was determined in a muffle furnace. The collected
vegetation samples were ovendried at 105C for 24 hours and weighed., The
ovendried samples were ground and were put in crucibles. All of the samples

were then ashed in the furnace at 750 C for 3 hours, cooled in a2 dessicator for

16 minutes and reweighed (Mingle and Boubel, 1966)

Literature cited data

Due to either low natural variability of some fuel properties within
same vegetative species or low sensitive data to the model, the following data
were taken from the literature are heat content, surface area—to—volume ratio,
particle density, moisture content of extinction and silica free mineral content.

Conducting Experimental Fire
To test the Rothermel spread model, two sample plots were burned

in March, 1983. On tested burn, climatic data were recorded, are relative humidity
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and wind speed and fire behavior parameters, rate of fire spread, flame length,
and fireline intensity, were measured and determined, The fireline intensity was
determined by Byram (1959) equation.
Data Analysis

Fuel model

Due to each parameter input to be a single value, therefore, the
measured data must be calculate to obtain average value which was then converted
to English unit system as required by FIREMOD computer program.

Fiye behavior predication

All collected data as the parameter input set was used to compute
fire behavior by using Rothermel s equation via computer program (FIREMOD)
written by Albini (1976). The program outputs were forward rate of fire spread,

fireline intensity and flame length,

RESULTS AND DISCUSSION

Fuel Model of Herbaceous Tuel Complex

The vegetative community at Doi Angkhang, Chiangmai Province
consists mostly of herbaceous plants include grasses and forbs which can be regarded
as a source of fuel, and its components are thus a fuel complex. For fire manage-
ment purposes, the fuel complex must be characterized and evaluated in terms that
relate to fire behavior. Rothermel method (Rothermel, 1972) is handled readily
to serve the purposes. The herbaceous plants at Doi Angkhang exist in large
expanse of relativety continuous, single layer vegetation that is contiguous to the
ground, Thus, the herbaceous fuel complex satisfies the assumptions of Rothermel
fire spread model. Fuel model of the herbaceous fuel complex was then constructed

and shown in Table 1.
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Table 1. Fuel model of herbaceous fuel complex at Doi Angkhang, Chiangmai

Province
Parameter inputs Sources
fuel particle low heat content (Btu/lb) 8000 | Albini (1976)
fuel particle density (b /it") a2 | Albini (1976)
fuel particle total mineral content (fraction) 0.05 this study
fuel particle effective mineral content (fraction) 0.01 | Albini (1976)
fue] particle surface area—to—volume ratio (ft‘l> 1500 | Albini (1976)
fuel moisture content of extinction (fraction) 0.25 | Albini (1976)
fuel particle moisture content (%) 6,9,14,20 this study
totz! fuel load (Ib/ft2> 0.451 this study
fuel bed depth (ft) 4.4 this study
wind speed (miles/hr) 0,2,4,6,8,10 this study
terrain slope (%) 0,10,20,30,40 this study

The input values of fuel particle properties include low heat content,:
particle denlsity, effective mineral content, and surface area—to—volume ratio were
taken from the Northern Forest Fire Laboratory (NFFL) Fuel Model L (Tall grass)
in U.S.A. (Albini, 1976) due to low natural variability of the fuel properties
within same vegetative species. Especially, low heat content, particle density,

total mineral content and effective mineral content were also treated as constant

parameters in modelling due to their low natural variability or the Model’s low
sensitivity to them (Rothermel, 1972). For surface area—to—volume ratio can be
considered constant within each fuel species’ size class, the value was taken from

the literature due to the same fuel type (grass fuel). Although the total mineral

content was analyzed in this study, the value of 0.05 was the same as in literature
(‘%}bini, 1976). This, in return, proved that the parameter input was species

dependent,
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The moistare content of extinction is required by the Rothermel spread
model, but it is not easily determined for most natural fuel.  This parameter is
also treated as a constant due to a lack of quantitative data, Therefore, a value
of 0.25 for herbaceous plant was taken from NFFL fuel model L (for tall grass)

{Albini 1976).

The values of fuel load and fuel bed depth were determined in present
study because they are distinguished one fuel array from another. The two
input values were the average of collected samples and should be the representive

values of the area.

Fuel moisture content of dry herbaceous fuel is a specific time-—and
space—measurable parameter because it is sensitive to surrounding envirenment.
In addition, it can be specified in prescribed burning prescriptions. The moisture
contents of dry herbaceous fuel were determined in this study. Four values of
the fuel moisture content were assigned to the model for predicting fire behavior
in various weather conditions during Summer. These values were also covered

the ranges of minimum and maximum moisture contents of dry herbaceous fuel

in Summer.

Values for mid—flame wind speed were varied from zero through 10
miles per hour in 2 miles per hour increments which were assigned to the model

for predicting fire behavior in various wind speed conditions.

The values for terrain slope were varied from zero through 40 percent
in 10 percent increments which were modelled for predicting fire behavior in

various slope conditions.

The two latter input values were covered the ranges of mininum and

maximum values of field measurement,
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Fire Behavior Prediction

Before interpreting or applying any of the results of the following fire
behavior predictions for herbaceous plant community, it should be noted that fire
behavior predictions from the Rothermel model are valid only for uniform wind
conditions and a continuous, homogeneous fuel layer that is contiguous to the
ground, Wind speed, wind direction, and the characteristics of the fuel layer
will vary on actual fires, causing divergence of predicted values from observed
fire behavior., Thus, the predictions will be compared against observed fire
behavior, and adjustment made prior to use. Other concerns not currently included
in the fire behavior model are the influence of spotting on fire spread and inten-
sity, and crown fires. Finally ,the spread model assumes that fire behavior has
reached a quasi—steady state. However, the resalting information should still be
useful in fire management planning. Since computer access is not always available

the results have been presented as tables.

Table 2 shows changes in the predicted rates of fire spread in herba-
ceous fuel complex at Dol Angkhang, Chiangmai Province with various conditions
of terrain slopes, wind speeds and fuel moisture contents. For a given level of
fuel moisture content, the predicted rate of fire spread increases with increasing
wind speed and it also increases with increasing slope, and a combined effect of
wind speed and slope result in faster rate of fire spread. The reasons are due
to wind directly affects the rate of oxygen supply lo the burning fuel and strong
winds increase the rate of fire spread by tilting the flames closer to unbruned
fuel, so does the slope for the latter reason of wind (Brown and Davis, 1973;
Steward, 1974). Regardless of wind speed and percent slope, the predicted rate

of fire spread increases at lower fuel moisture content which is due to the pro-
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Table 2. Predicted rates of fire spread (m/s) in various conditions of fuel mois-

ture content, wind speed and terrain slope.

Fuel
wind speed (miles per hour)
Slope moisture
(%) content
0 2 4 6 8 10
(%)
0 5] 0.0566 0.379 0.8565 1.419 2.045 2.716
9 0.045 0.307 0.704 1.162 1.676 2.228
14 0.039 0.251 0.569 0.944 1.363 1.816
20 0.022 0.162 0.363 0.604 0.866 1.187
10 6 0.073 0.397 0.872 1.436 2.056 2.733
9 0.056 0.324 0.715 1,173 1.688 2,241
14 0.060 0.263 0.581 0.956 1.375 1.827
20 0.028 0.168 0.369 0.609 0.877 1.162
20 6 0.123 0.441 0.922 1.486 2.107 2,780
9 0.101 0.363 0.754 1.218 1.727 2.278
14 0.078 0.296 0.615 0.989 1.408 1.855
20 0.050 0.18¢ 0.391 0.631 0.894 1.1856
30 6 0.201 0.5256 1.006 1.565 2.190 2,867
9 0.168 0.430 0.821 1.285 1.794 2.347
14 0.134 0.352 0.671 1.045 1.464 1,911
20 0.084 0.224 0.4256 0.665 0.933 1.218
40 5] 0.319 0.637 1.118 1.682 2.302 2.978
9 0.257 0.525 0.916 1.375 1.889 0,442
14 0.212 0.425 0.749 1. 123 1537 1.989
20 0.134 0.274 0.475 07775 0.978 1.268
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duction of sufficient water vapor during the preheating processes so as to dilute
the volatile gas—air mixture ; if a sufficient amount of vapor is present, the
mixture becomes so dilute that subsequent ignition and spread can not occur
(Berlad et al., 1971). Thus, the higher the wind speed, the higher the slope,

the lower the fuel moisture content, the faster the rate of firs spread.

Table 3. shows the changes in predicted fire line intensities in her-
baceous plant community at Doi Angkhang, Chiangmai Province with different
combinations of terrain slopes, wind speeds and fuel moisture contents. For a given
level of fuel moisture content, the predicted fire line intensities increase with wind
speeds and with slopes as would be expected. The predicted fire line intensities
decreasing fuel moisture content, for all levels of wind speeds and slopes. For all
combinations of wind speeds, slopes, and fuel moisture contents, the predicted fire
line intensities range from 491.121 to 97,971.762 kW /m. According to Andrew
(1980), the ranges of predicted values are classified as medium to extreme fire
hazards. The predicted values ranged from 491.121 to 3458.60 kW /m, could be
controlled by indirect method of fire suppression. The predicted values above
3458.60 kW /m may present serious control problems due to they are over limit
of machine control. However, prescribed burning could be done at higher fuel

moisture content, lower slope and calm conditions for fire hazard reduction.

Table 4 shows the changes of the predicted flame lengths in herbaccous
fuel complex at Doi Angkhang, Chaingmai Province with different combinations
of wind speeds, slopes, and fuel moisture contents. For all levels of fuel moisture
content, the predicted flame lengths increase with wind speeds and with slopes as
would be expected. The predicted flame lengths decrease with increasing fuel

moisture content, for all levels of wind speeds and slopes. According to Andrew
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Table 3. Predicted fireline intensities (kW / m) in various conditions of fuel mois-

ture content, wind speed and terrain slope.

Fuel
wind speed (miles per hour)
Slope | moisture
(%) content |
0 2 4 ! & 3 10
(%) |
0 6 1815.765 12457.12628163.379!46642.6?9 67172.929/82380.599
9 1348.854 9241.37920924.580134655.17249907.59866408.579
14 1037.580 i 7103.964/16082.490/26638.137(38362.791|51405.477
20 491.121| 3358.201] 7602.003[12582.304(18122.981|24123.735
10 6 2351.848 ?1‘2973.209 28600.463147178.763|67712.471|89916.683
9 1750.062 | ©639.118[21322.269|35052.911|50308.756(66806.318
14 1345,396 | 7408.321({16390.305|26945.953|38670.60751349.834
20 £36.382 | 3500.108| 7747.964{12734.565|16275.242124268.996
20 B8 3963,566 |14584.916/30311.170(48780.470(69320.719/91628,390
9 2946,727 |10835.794|22518.945|36249.587|615605.471|68002.993
14 2265.383 | 8328.309|17310.293|27865.240/39590.581|62272.280
20 1068.707 | 3935.887 8183.048/13170,349(18711.026{24704.779
30 6 6660.888 (17272.248132996.044|61477.802/72008.052|94212.264
9 4942,339 |12821.406i124514,557(38245.192/53501.083|69998.605
14 37097.543|11863.927|18845.211|29398.100|41122.754/53805.440
20 1795.013| 4662.193 8905.805|138032.196/19437.332/25431.086
40 6 10410.386/21031.747|36764.542|56237.301|76767.650|97971.762
9 7733.429 |16625.065|27309.106(41039.748/56292.174{72793.154
14 5945.233 [12011.718|20090.243|31545.821{43270.545(55953.231
20 2808.383 | 5675.563| 9919.265/14810.026/20450.702|26444.456
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Table 4. Predicted flame lengths (m) in various conditions of fuel moisture

content, wind speed and terrain slope.

Fuel i
wind speed (miles per hour)
Slope moisture
(%) content
0 2 4 6 B 10
(%)
0 6 2.438 5:94:3 8.626 10.881 12.898 14.681 |
9 2.134 5.182 7.629 9.609 11.247 12.602 ‘
14 1.889 4.572 6.6756 8.412 5,967 11.339 i
20 1.341 3.231 4,724 5,974 7,041 8.047
10 6 2.743 6.035 3.717 10.942 12.924 14.720
9 2.407 5.273 7.589 9.540 11.278 12.832
14 2,184 4.663 6.736 8.473 9.947 11.369
20 1.624 3.322 4.7556 6.005 7.071 8.077
20 6 3.5056 6.370 8.231 11.125 13.076 14.844
9 3.048 5.578 7.803 9.693 11.399 12.954
14 2.713 4.938 6.888 8.58b 10.089 11.480
20 1.920 3.6056 4,877 6.026 7.163 8.138
30 6 4.450 6.888 9.296 11.339 13.289 15:057
9 3.871 6.005 8.108 9.938 11.613 13.136
14 3.444 5.334 7.163 8.808 10.272 11.643
20 2.438 3.779 5.020 6.248 7.285 8.223
40 6 5.456 7.559 0.754 11.765 13.626 15.330
2 4,755 6.584 38.504 10.272 11.887 13.350
14 4,206 5,802 7.529 9.080 10.5616 11.826
20 2.987 4,145 5.334 6.431 7.437 8.382
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(1980), the predicted flame length in Table 4 can be interpreted as follows: the
predicted values between 1.3471 and 3.35 mecters are under machine control ; the
predicted values over 3.35 meters are over limit of machine control.  These
interpretation arc in the line with the predicted fire line intensities as bescribed
earlier. In addition, the predicted flame lengths provide a rough guide to the
minimum width of fireline required, a width of fireline would have to be at least

ecqual to the flame length in order to achicve containment at the fire head.

Experimental Fires

2
To test predicted fire behavior, two sample plots of 20%20 m . size of

each were burned in March, 1983 in conditions of 24 percent relative humidity,
wind speeds ranged from 4 to 8 miles per hour, 30 percent slope, and 9 percent
fuel moisture content. The results of observed fire behavior were compared to

predicted values in the same environmental condition as shown in Table 5.

Table 5. Comparison of predicted fire behavior and observed fire behavior in the

same environmental condition.

Fire behavior Predicted Observed
descriptors values values
Rate of fire spread 1.3 6.67
(mls)
Fireline intensity 38753.613 38627.831
(kw/m)
Flame length 9.89" 10
(m)

Noted : The averages of underlined values in Table 2, 3, and 4.
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Interestingly, the predicted values of the fireline intensity and the flame
length are very closed to the observed values, but the observed rate of fire spread
is five times as much as the predicted value. The striking differences of the two
rates of fire spread might be due to wind measurement was not recorded during
actual burning. According to Rothermel (1972), the fire spread model is most
sensitive to the wind speed parameter, a change in wind speed generally affects a
proportional or greater than proportional change in the spread rate, in addition.
More over, the accuracy of the Rothermel medel is a factor of two, thus, if wind
measurement was taken during fire, the predicted values would closely agree with
the observed values., However, all of the predicted values scem reasonable within

the ranges of given envircnmental conditions.

CONCLUSIONS

Fuel model of herbeceous fuel complex at Doi Angkhang in Chiangmai
Province was constructed. Predicting fire behavior in the herbaceous fuel complex
using Rothermel s fire spread model was successful within the ranges of environ-
mentzl conditions. With the given conditions fuel moisture contents ranged from
6 to 20 percent, wind speeds ranged from O to 10 miles per hour and terrain
slopes ranged from 0 to 40 percent, the predicted rates of firc spread ranged from
0.022 to 2.978 meters per second, the predicted fire line intensities ranged from
491.121 to 91971.762 kilowatts per meter, and the predicted flame lengths ranged
from 1.342 to 15.33 meters.

Regarding to tested fires, the predicted values of fireline intensities and
flame lengths were closely agreed with the observed values. But the obscrved
rate of fire spread was five times as much as the predicted rate of fire spread,

it might be due to the most sensitive parameter of the fire maodel, wind speed.
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was not measured at the time of burning and the given wind speed might be
lower than the actual wind speed. Regardless of the error wind measurement,
the Rothermel method is a very useful tool for fuel evaluation, Thus, to improve
fire control efficiency, other fuel types should be attempted.

However, the information of this' study should still be useful in fire

management planning and land use planning.
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