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WATERSHED CLASS PREDICTION EQUATIONS FOR THREE
MAIN ROCK TYPE WATERSHED IN HUMID TROPICAL
THAILAND
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ABSTRACT

A watershed class prediction eguation in Thailand was proposed by

Wooldridge (1984). The equation is a multiple linear regression which was developed
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using five variables. i.e., slope, clevation, landform, soil and geology without any
transformation. Theory. however, suggests that the relationship between watershed
class and the explanatory variables in not linear and the original equation requires
too many variables. Therefore, linearized models were developed using one to {ive

explanatory variables.

An analysis of the different equations tested showed that the equation
using logarithmic transformation at the right side of the equation was the most
appropriate form. Therefore, this form of the equaticn was used to develop the
equations to predict watershed classes for the three rock type watersheds.

Watershed class prediction equations for all rock types taken together
and each rock type considered individually, namely : granite, sandstone and limestone
were developed from 300 randomly sclected grids of each rock type of northern
Thailand. Several variable combinations were used to develop the regression
equation for watershed classes. The equations baving the highest Rz were selected
for field validation. Field validation was necessary to verify the usefulness and
accuracy of these selected cquations together with the Wooldridge equation. Eight
selected watersheds were used @ three watershed arcas cach for granite and
sandstone rock type and only two watershed areas of limestone rock type due to
unavailability of additional data on this rock type watershed.

For the granite and limestone rock type watersheds, it was observed
that slope alone is sufficiently adequate to predict watershed class. This is due to
the strong direct correlation between slope and soil crosion rate and land usc i
these watersheds.

For the sandstone rock type watershed, slope alone is not adequate to
accurately predict watershed class. This is due to the presence of flat areas on
top of these mountain watersheds. This condition is not distinctly present in the

granite and limestone rock type watersheds. The inclusion of landform and elevation
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into the equation makes the model sufficienily accurate in predicting watershed
class for the sandstone rock type watershed.

For a single comprehensive watershed class prediction equation, a regres-
sion model with dummy variables for the three rock type was developed. The
model has slope, elevation, landfcrm, soil and rock type as explanatory variables
with zero—one variables representing the rock types. If resources are not limited
this eguation could be used to determine watershed class for the three rock type
watersheds instead of using three separate cquaticns. On the other hand, if time

is a constraint, the simpler model using one to thres variables could be used to

predict the watershed class for each rock type watershed.

INTRODUCTION

The Kingdom of Thailand had a
total land area of 514,000 kmg. The
country is divided into six regions : the
north continental highland, the west
continental highland, the northeast
plateau, the central plain, the central
highland and the south peninsula.

he head watershed areas in the
north, which are covered by dense hill
evergreen forests, are the main sources
of water supply for agriculture in the
northern lowland and in the central plain
of the country through Bangkok.

The forest area of Thailand has

been greatly reduced in the past two

decades. In 1881, 57 percent of the
country was covered by forest. Iforest
area was reduced to 37 percent in 1874,
32 percent in 1982 and 30 percent in
18856. The second largest reduction
occurred in the north portion of Thai-
land. Forest areas werc converted into

agricultural land to provide food for a

rapidly increasing population.

Statement of the Problem

he rapid economic expansion
and population growth which are causing
changes in land—use pattern arc of

national concern. Already, the conflict-
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ing objectives in land use among go-
vernment agencies and other entities are
creating a problem for the national

government.

Another prcblem is shifting cul-

tivation in mountainous areas. In

northern Thailand, 30,000 to 40,000
ha of forest lands are cleared each year
for cultivation by several hilltribes.

Considering  this situation in
watersheds, there is a need for water-
shed classification which would properly
evaluate land areas for various uses.
Watershed classification will help imple-
ment the gGVernment’s desire to identify
these areas that should be maintained
as protection forest. Likewise, it may
help in prescribing uses for associated
arcas which may be suitable for timber
species, fruit trees or crops. It may also
help solve the problem of conflicting
land use among government agencies,
thereby making the mountainous water-
shed areas more productive and better
managed,

The watershed classification sys-

tem being used in Thailand was

proposed by Wooldridge (1984). He
developed a multiple linear regression
equation for the prediction of the water-
shed class

using five explanatory

variables, namely, slope, elevation,
landform, soil and geology. However,
it was found cut that the relationship
between the watershed classes (WSC)
and each variable was not linear. The
existing equation also makes use of five
variables.
Cousidering  these  conditions,
there is thus a need to develop a more
adequate watershed classification sys-
tem. The limitations of Wooldridge's
equation necessitate the formulation of
a revised cquation for predicting water-
shed classes. A study to determine the
efficiency of using less wariables in
prediction equation without sacrificing

prediction accuracy was thus designed.

Objectives
The objectives of the study are:
1. To develop prediction equa-
tions for the classification of granite,
sandstone and

limestone rock type

watersheds in humid tropical Thailand ;
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2. To identify important varia-

bles (i.e., slope, elevation, landform

shed classification for the different rock

soil, vegetation) associated with water-

type watershed for proper zoning;and

2. To validate the equations
and determine the final equations for

the watershed classes.

MATERIALS AND METHODS

Study Area

The study was conducted in nort-
bern Thailand, which is located appro-
ximately between latitude 15 N to 20 N
and longitude 9730 to 10131E. It
hzs an area of 169,644 km2 which is
2bout 30 percent of the total land area,
and comprises 17 provinces. It is the
seadwaters of the nation's most impor-
tant river, the Chao Phraya. Its moun-
tzinous watersheds not only feed the
four major tributaries of the Chao Phra-
va2 River and irrigate the Central Plains
Dut also produce 70 percent of the
nztion's timber.  About 70 percent of
the area is mountainous and has been

=signated mostly as forest land.

Materials
The following materials were used

in the study :

7. Topographic, geclogic, soils

and forest maps with scale of 1:50,000
of northern Thaiiand.

2. Aerial photograph and LAND
SAT Imagery.

3. IBM PC/AT 512 KB Micro-
cemputer with Epson FX 285 Printer
and Televideo Model 295 with Disk
Drive of SIERA Data Science and Map
4, MGRID Program wilh Mannesman
printer operated under the Depariment
of Conservation, Faculty of Forestry,

Kasetsart University.

Data Gathering

Three hundred landscape units (4
km.j grid) of granite, sandstone and
limestone rock-type watersheds from a
oealogic map (scale 1:60,0(?0} with 150
grids, were randomly sclected {from

areas with elevations higher than 700
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MSL (overlay geologic map grid with
topographic map of the same scale).

Slope, elevation, landform from
topographic map, scil and forest from
soil and forest maps for every selected
grid, were documented. Each variable
was scaled using the same methed of
Wooldridge (1984). The rationale for
the use of these variables in the water-
shed classification was to develop a
watershed classification with the fol-
lowing components !

Slope. Many physical processes
related to rates of soil erosion or mass
wasting were direct functions of steep-
ness of slope. More steeply sloping
areas and stream channels had greater
energy for transportation of eroded mate-
rials and bedload. Overland flow had
similar energy relations with slope steep-
ness. Slope was measured in percen-
tage based on contour maps.

Elevation. Elevation has a nega-
tive effect on watershed class as increa-
sed elevations represented both steeper
landforms and increased erosional poten

tial. Elevation was read from contour

maps as the average for one square
kilometer divided by ten (TOO meter
= 70).

Landform. Current landform was
the product of recent erosional history.
Properly scaled, landforms were arraved
from the most erosive to the most stable.
Scaling of landform had assigned mini-
mum values to peaks, ridges, canyons
and dissected landforms. Maximum
values were assigned to the most stable
landforms such as broad plains or broad
alluvial valleys. Landform was assigned
a numerical value (1—21) based on
landform description read from contour
maps. Soils were arrayed numerically
based on properties related to inherent
stability. Geologic formations were ar-
rayed numerically in a manner based on
the evaluation to a stable soil or disper-
sion ratio.

WSC Values, The watershed class
values were determined in continucus
number based on the graphs showing
the relationships between watershed
class number and important variables
Vooldridge

which were identified by
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222, The effect on the WSC value Close examination revealed that most of

Sepends on the contribution of each  these variables had insufficient data
yarizble (in percent) as indicated in base, hence the problem of scaling for
Woclaridge (19234) as follows: slope, numerical solutions. Thus, these varia-

'.,_;.',_‘ Lol a i by . Tl i Z 3
andiorm, 305 soil, 167 elevation,  ylaq were no longer included in the

80C znd geology, 10.

equation.

=

Vegetation. The presence and

. s Data Analysis
shsence of forest cover were included

5 % All data were entered/processed
2 variable for two reasons: L1/ an

= o into a microcomputer file. The multiple
gwerzll objective of watershed classifi #5104 iektomp . wltip

C - : oression analysis using logarithmic
{0 maintain a minimum area in TEGTES . g 8

t

Thailand as permanent forests; and (2) transformation on hoth sides and one
..... n areas which were classified as side together with reciprocal on the
watershed class 1A are being used for  Tight side of the equation were deve-
szriculture for several decades already. loped to the appropriate equation for
* may not be possible to force people  watershed class of the three geologic
“wing on these lands to leave. rock type watersheds, The watershed

Other variables included in the classes {WSC 1 —WSC 5) were deter-

A1)

guation were rainfall, temperature, mined according to the range recom-
water yvield, water quality, soil depth, mended by Wooldridge (1984). These

emcangered species and aesthetic values. watershed classes are:

WSC 1 when the value is less than 1.50

WSC 2 = when the value is between 1.5 — 2.29

when the value is between 2.21 — 3.20

wSsC

w
I

WSC 4 = when the value is between 3.20 — 3.09

WSC

i
i

when the value is greater than 3.99
where :

WSC = watershed class.
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Important variables which were
included in the equations were identified
in the regression analysis. Less impor-
tant variables were eliminated from

final equations.

Field Validation

The watershed classes resulting
from thz equation were field validated
using the selected watersheds in the
north. This field validation was neces-
sary to evaluate the usefulness and
accuracy of the developed equations.
watersheds were

Eight selected

used for filed wvalidation :three water-

RESULTS AND

Testing the Equation

According to Wooldridge (1884),
the relationship hetween the watershed
class (WSC) values and slope, elevation,
and landform are non-linear. Theory,
however. suggests that the relationship
were described in negative and positive

logarithmic forms. Therefore, logarith-

shed arecas each for granite and sands-
tone rock types and only two areas of
limestone rock tvpe watershed due to

the unavailability of this type.

Mapping Procedure

The classes of the selected water-
sheds were determined from the pre-
diction equations.  These watershed
classes were manually lecated on the
These

topographic map with grids.

classes, in addition to sociocultural

and forest cover data, were used to
delineate the boundary of each watershed

class.

DISCUSSION

mic transformation of the multiple
regression analysis, 1.e., logarithmic on
both sides and on the right side, together
with reciprocal on the right side where
geclogy was a dummy variable, were

tested. These modified equations are of

the following forms :



Eguation 1 :

Equation 2 :

Equation 3 :

The data for testing these mathe-
equations were 160 randomly
grids from granite, sandstone
Iimestone watersheds, together with

88e determined WSC values.

The developed equations with the
oeiicient of determination (Rz) and
8= t-values were analyzed. The analysis
showed that equation 2 gave the highest
lz (0.98) which was significant. The
~ #guation with the second highest R2
| fo.91) is equation 1. Equation 3 gave
an R2 value of 0.63. Therefore, equa-

tion 2 in logarithmic form at the right

side was used to develop the equation

Thai J. For. 62 109—133 {1287) 317

log WSC = a + bylog (siapc) + b,log (elevation)
+ Db,log (landform) + b ,log (soil)
+ b (granite) + b, (sandstone)

+ b7 (Iimest‘one)

WSC = a + bjlog (slope) + Dbylog (elevation)
+ bylog (landform) + b, log (so0il) + by (granite)
+ b (sandstone) + b (limestone)

WSC = a + b, /slope + b, /elevation + b,/landform
+ b, /soil + b, (granite) + by (sandstone)

+ b7 (limestone)

fo predict watershed class.

Equations for Watershed Classes

All Rock Type Watersheds

The equations for watershed class
of all rock types were developed from
the 450 selected grids using the multiple
regression analysis in log form at the
right side, Several variable combina-
tions were used for each equation with
their corresponding RZ and t—values.
The equation having the highest R’
and significant variable in each com-

bination of wvariables were selected for

field validation. These equaticns are :
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TWSC, = 5.227 — 1.129 LSLP (R = 0.83)
(t=56.7) (t=—57.8)
TWSC, = 6.186 — 1.046 LSLP — 0.287 LELEV (R = 0.91)
(t=54.7) (t=—57.0)  (t=—12.0)
TWSC3 = 4.844 — 0.865 LSLP — 0.266 LELEV + 0.367 LLF
(t=08.0) (t=—3z.9)  (t=—12.0) (t=9.0)
(R” = 0.92)
TWSC, = 4.782 — 0.875 LSLP — 0.264 LELEV + 0.356 LLF
(t=28.0) {t=—23.7)  (t=—11.5) (t=s.8)
+ 0.179 LSOIL (R” = 0.93)
(t=4.1)
TWSC. = 4.261 GRAN + 4.466 SAND + 4.634 LIME — 0.839 LSLP
(t=32.2) (t=234.0) (t=35.7) (t=—42.5)
— 0.239 LELEV + 0.434 LLF + 0.197 LSOIL
(t=—14.2) (t=13.9) (t=5.0) (R® = 0.96)

where :

TWSCy1_5 = WSC for all rock type watersheds. Subscripts1-5

refer to number of variables used in the equation.

LSLP = log, (slope)
LLF = loge (landform)
LELEV = log, (clevation)

LSOIL = loge (soil)

The Granite Rock Type Watershed

The watershed class equations
for the granite rock type watersheds
were developed from 300 selected grids

of the granite rock type watershed.

The multiple regression analysis with
log at the right side was used in develo-
ping the equations. The selected equa-

tions for field volidation are :
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GWSC, = 5.163 — 1.172 LSLP (R” = 0.88)
(t=64.4) (t=—45.7)

GWSC, = 4.790 — 1.120 LSLP + 0.617 LSOIL  (R" = 0.03)
(t=73.8) (t=—57.3)  (t=15.2)

GW‘SC3 = 2.504 — 0.787 LSLP + 0.683 LLF + 0.512 LSOIL

(t=16.4) (t=—09.0) (t=14.7) (t=16.1)

2
(R” = 0.96)

GWsC, = 3.374 — 0.812 LSLP + 0.5%2 LLF + 0.409 LSOIL
(t=15.8) (t=-31.0) (t=12.5) (t=11.5)
2

- 0.136 LELEV (R" = 0.96)

(t=—5.6)

GWSC5 = 4.489 — 0.850 LSLP <+ 0.411LLIF *+ 0.196 LSOIL
(t=35.0) (t=—44.4) (t=13.4) (t=6.3)

2
— 0.204 LELEV — 0.301 GRAN  (R" = 0.95)
(t=—12.9) (t=—18.0)

GWSCy_5 = WSC for the granite rock type watershed. The subscript

1—5 refer to the number of variables used in the equation.

= Sandatone Rock Type Watershed

For the sandstone rock type watershed, the equations were developed
the 300 selected grids of the sandstone rock type watershed. The

equations for field validation are :

2
5.169 — 1.075 LSLP (R” = 0.91)

I

SWSC,
(t=00.6) (t=—56.2)

SWSC, = 4.175 — 0.948 LSLP + 0,304 LLF (R = 0.02)
(t=25.5) (t=—36.4)  (t=6.4)
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SWSC, = 4.617 — 0.906 LSLP * 0.333 LLF - 0.164 LELEV
(t=27.7) (t=—35.0)  (t=7.4) (t=—35.8)
(" = 0.93)
SWSC, = 4.614 — 0.906 LSLP + 0.334 LLF + 0.007 LSOIL"
(t=27.5) (t=—235.0)  (t=7.4) (t=0.1)
— 0,154 LELEV (R” = 0.02)
(t=—6.6)
SWSC, = 4.653 — 0.875 LSLP + 0.365 LLF + 0.178 LSOIL
(t=27.7) (t=—34.7)  (t=9.0) (t=4.4)
— 0.229 LELEV + 0.040 SAND" (" = 0.04)
ey 1) (t=1.8)

where @
SWSCi_5 = WSC for sandstone rock type watershed.  The s ubscript
1—5 refer to the number of variables used in the equation.
*SWSC4 equation; soil is not significant.

%SWSCs equation; geology (SAND) is not significant.

The Limestone Roek Tyne Watershed
The equations for the limestone rock type watershed were developad
from the 300 selected grids of the limestone rock type watershed. ‘he

selected equations for field validation are :

2
LWSC, = 5.326 — 1.118 LSLP (R" = 0.93)
(t=92.8) (t=—62.1)
LWSC, = 6.275 — 1.000 LSLP — 0.307 LELEV ~ (R" = 0.95)

(t=71.1) (t=—57.8)  (t=—12.6)

LWSC, = 5.384 — 0.860 LSLP + 0.262 LLF — 0.311 LELEV
(t=39.5) (t=36.7) (t=8.1) (t=14.1)
(R” = 0.96)




— 0,307 LELEV
(t=—14.5)

(t=—‘i 4.2)

= z2bove equations show that

rock type, slope was the most

t2nt and most important variable

¢ eguation. This could be due to
correlation with soil erosion
2 land use. Similar results were
2 by Sheng (1978) and Hawes
[B=milton (1950).

Landform was the next important
; in the watershed class equation.
i i3 because landform is directly
=2 o the shape of the mountain.
antainous landform is always

=oped and changes until it becomes

2 Deczuse of soil erosion. Moreover,

(t=40.0) (t=-38.4)

— 0.241 LELEV + 0.276 LIME
(t=15.1)
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- I.WSC4 = 5.332 —0.859 LSLP -+ 0.240 LLF + 0.210 LSOIL

(t=7.7) (1=5.5)

2
(R” = 0.96)

l.’JifSC5 = 4,224 — 0.824 LSLP + 0,495 LLF 4+ 0.166 LSQOIL
(t=20.2) (t=—29.9)

(r=r1247) (t=5.0)

LWSCi_5 = WSC for the limestone rock type watershed. The sabscript

1-5 refer to the number of variables used in the equation.

landform usually has a direct effect on
soil erosion and land use (Eiumnch,
1623). As such, it could be directly

related to watershed classification.

Elevation is a less important
variable than slope and landform in the
equation. This is hecause of the presence
of some {lat areas in the highland areas
with high elevaticn, especially in the
sandstone rock type watershed. In flat
areas, soil erosion isless likely to occur.
Soil, while included in the equation,
contributes much less than the other

three variables in explaining the varia-

tion in the equation. It can be seen that
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in some equations, scil is not significant.
These relationships belween important
variables such slope elevation, landform,
soil and watershed class determination
had been reported by Rukkanam (1985).

The above explanatory variables
may be expecied to significantly con-
tribute to the total variation in the
cquation to determine watershed class.
This is so because of the inherent
relationship between soil erosion and
soil productivity and these important
variables. This rclationship had been

reported by Wooldridge (1985) and

Tudsen (?97"!).

Validation of the Equation

Several variables are known to
affect the eguations for watershed
class. As previcusly identificd, these
variables include slope, elevation, land-
form and soil. In addition, anv or a
combination of these variables may be
sufficicat to produce an acceptable
cquation to predict watershed class. An
acceptable equation would require a

high value of R : significant equation

™

must a minimum number of

have
variables with the values of the varia-
bles included in the equation readily
available, easily rcad and scaled. Given
the above circumstarces, field validation
was needed to validate the usefulness

and accuracy of these selected equations.

The Granite Rock Type Wafershed
Out of the 65 total grids used
for the granite rock type watershed. 59
grids (91%) matched the actual water-
shed class for the 3 equations (GWSC“
GWSC. and TWSC;‘). However, the
number of matching grids for each
watershed varied slightly. For other
cquations (GWSC,, GWSC,, GWSC,),
including the Wooldridge equation
(WWSC), less number of grids matched
the actual watershed class in all the
selected granite watershed. The results
of the validation indicated that the
simpler GWS8C, equation derived {rom
slope variable was adequate enough to
predict the watershed class for the
oranite rock type watershed. The pos-
sible reascns for this result have been

discussed previcusly.




Rock Type Watershed

was a slight difference in
er of matching grids between
v derived from the slope
CSWSCI) and the equation
foen 21l variables (SWSC,_) and
equztion (WWSC), especi-
¢ sandstone watershed 3.
iF the sandstone watcershed 2,
oould have been affected by
graphy on the top portion
sntain. Because of its flat
. e zrea was occupied and
By the people who converted
£ Info agricultural land. As a
many of the watershed class
s from these cquations were
Even in the Wooldridge
which has the highest number

5g grids (37 out of 45), 8
wrong.

¥ compared with the potential
class, all the developed
are better than that of
e in predicting the watershed

‘The Wooldridge cquation gave

sumber of matching grids (31
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out of 45 grids used or 60% correct)
while SWSC, and TWSC. had the
highest (93%) number of matching
grids (42 out of 45 grids used). For
SWSC,, only 37 grids cut of 46 grids
(82%) were correct. It can he seen
that for the sandstone rock type water-
shed, which has a flat area on top of the
mountain (Jower slope but high eleva-
tion), the equation derived using slope
only may not be the best equation to
predict the watershed class.  Instead,
the equation (SWSCS) with three ex-
planatory variables (slope, elevation and
landform) was more acceptable.  This
cquation had 40 (89%) matching grids,
2 grids lower than SWSC; and TWSC;
equations. In additicn, the three ex-
planatory variables can be more easily

read and scaled than Lhe soil and geology

variables.

The Limestone Rock Type Watershed

All equations had almost the same
result in the prediction of watershed
class. QOut of 28 grids used, there

were 34 matching erids (94%) while
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the LWSC, and the Wooldridge cquation
had 33 (92%) correct grids. Therefore,
for this rock type watershed, the LWSC,
equation can be used to predict water-
shed class. This result re—emphasizes
the significance of slope in predicting

watershed class.

All Rock Type Watersheds

The accuracy of each prediction
equation for all rock type watersheds
are summarized in Table 1. It was
observed that only TWSC, equation
is Dbetter than Wooldridge equation
(WwsC) in predicting watershed class
for all these rock type watersheds. The
percentage of matching grids for all
rock types was higher than ¢1, while
the other equations were lower and
varied within rock type watersheds,
Therefore, TWSC. equation is recom-
mended.

For the granite rock type water-
shed, analysis indicated that TWSC,
and TWSC, ecquations had §9 (91%)
maiching grids out of the 65 total grids

used,  This result would mean that

\

slope alone was adequale in predicting
watershed class for the granite rock
type watershed.

TFor the sandstone rock type, it
was found that TWSC, and TWSC,
cquations had 42 (83%) matching grids,
On the other hand, TWSC, equation
had 21 (91%) correct grids while
TWSC,, TWSC, and Wooldridge equa-
tion had 38 (84%), 36 (80%), and 31
(69%) correct grids, respectively. Based
on these results, it would scem that for
the sandstone rock type watershed,
TWSC. equation is the most suited.
However, TWSC, equation is also
acceptable. TWSC3 showed that slope,
clevation and landferm were the three
most important variables in predicting
watershed class. Fer this rock type
watershed, slope alone was not adequate
to accurately predict watershed class
on account of the presence of flat areas
on the top of these mountain water-
sheds. This condition is not distinctly
present in the granite and limestone

rock tvpe watersheds. It is thus neces-

sary to include landform and elevation




Table 1. Summary of the accuracy of each equation in predicting the watershed class for all three rock 't?pﬁl

PERCENTAGE AND NO. OF GRIDS MATCHING WITIT POTENTIAL

SELECTED TOTAL GRIDS
WATERSHED CLASS
WATERSHED EMPLOYED — e
TWSC, % | TWSC, % TWSC, % TWSC, % | TWSC, % | WWSC %
1 26 23 88| 22 85 23 83 22 85| 923 88| 20 77
GRANITE 2 27 24 89 16 59 14 52 17 63 25 96 22 81
3 12 12 100 11 g2 12100 12 00| 10 83| 12 100
Tatal 65 EQ 91 49 75 49 75 £1 78 50 91 54 83
1 13 10 77 11 85| 11 85 12 9z| 12 92 9 69
SANDSTONE ¢ 8 6 75 6 15 6 75 6 75 6 75 B 62
3 24 20 83 21 88| 24 100| 24 100 24 100 17 T
Total 45 36 80 38 84| 41 91 42 93| 42 93| 31 69
18 14 78 i 13 72 13 72 14 18| 17 94| 17 94
LIMESTONE
18 18 100 14 18 14 78 5 83| 17 94 16 89
Total 36 3 80 27 75 27 75 29 80| 2 94| 33 92
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in the watershed class prediction equa-
tion for the sandstone rock type water-
shed to improve 1ts accuracy.

For the limestone rock {type
watershed, TWSC, cquation also had
the highest percentage of matching
grids (g4%), followed by WWSC and

TWSC, cquations with 92% and 89%

respectively. The rest were rather
low. These results indicated that
TWSC. equation was the most

acceptable equation.’ However, WWSC

Por All Rock Type Watersheds

- 109—133 (1987)

and TWSC, equations which are simpler
than the TWSC, equation could also be
watershed class for

used to predict

limestone rock type watershed.

Final Equations for Watershed Class
Prediction

The results of the field validation
were used as basis for the sclection of
final equations for all and each of the
rock type watershed. These equations

are .

TWSC. = 4.261 GRAN .. 4.466 SAND - 4.634 LIME

(t=32.2)

(t=34.0) (t=356.7)

— 0.839 LSLP — 0.229 LELEV + 0.434 LLF

(t=—42.5)

- 0.197 LSOIL

(t=6.0)

For Granite Rock Type Watershed

GWSC, = 6.163 — 1.172 LSLP

(t=64.4) (t=—45.7)

For Sandstone Rock Type Watershed

SWSCS = 4,617 — 0.906 LSLP + 0.333 LLF

(t=27.7) (t=—35.0)
~ 0.154 LELEV

(t=—6.6)

(t=—14.2) (t=13.0)
(R" = 0.98)
(R = 0.88)
(t=7.4)
(R” = 0.03)
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For Limestone Rock Type Watershed

L\\'SCJ = 5.326 — 1.118 LSLP

P
(R” = 0.93)

(t=92.8) (t=—62.1)

From the above, TWSC. equation
wiih geology as a dummy variable was
feand highly acceptable in determining
wztershed class for these three rock
“¥pe  watersheds. However, GWSC,,
and LWSC, equations were
sclected

2ed class for these eight

SUMMARY AND

Watershed class prediction equa-
ions for three main rock type water-
$2eds in humid tropical Thailand were
ceveloped, The important variables
slope, elevation, landform and soil were
identified and scaled and the watershed
clzss values were determined.

Three hundred randomly sclected

fandscape units (grids) of granite,

sandstone and limestone rock type
watersheds in northern Thailand were
used in the study. A microcomputer

wzs used to develop the mathematical

granite, sandstone and limestone rock

type watersheds.  These predicted

watershed classes were used as the basis
for mapping the watershed classes. In
addition, forest cover and socio-cultural
data were also considered in delineating

or zoning the watershed classes.

CONCLUSIONS

equations for predicting watershed

classes. The transformed form of the
multiple regression analysis and simple
multiple regression were tested. The
analysis showed that the equation with
log at the right side gave the highest
coefficient of determination (Rz) which
was significant. Therefcore, this form
of equation was used to develop the
watershed

equations for predicting

class.
Several wvariable combinaticns

were analyzed for cach equation. The
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analysis showed that in any rock type,
slope was the most important and most
significant variable in the equation,
followed by landform, elevation and
soil. The equations having the highest
R2 value in each combination of varia-
bles for each rock type and all rock
types were selected for field validation,
together with the Wooldridge equation.

Three sclected watershed areas
cach of the granite and sandstone rock
type and two of the limestone rock
type watersheds were used for ficld
validation to verify the usefulness and
the accuracy of the selected equations.

The results of ficld validation
showed that for the granite rock type
watershed, the cquation derived from
slope alone (GWSCl) and from using
all explanatory wvariables (GWSCs)
predicted the same watershed class and
better than the Wooldridge equation.
This could be duc to slope having a
direct correlation with soil erosion rate
and land use.

For the sandstone

rock type
watershed, the equation (SWSCS) deri-

- 109—133 (1087)

ved from three variables (s]ope, land-
form and elevation) was the most
acceptable. This equation had aimost
the same number of matching grids
(40 out of 45) as those of the equations
(SWSCS) using all the five variables
(42 out of 45) and aleo better than the
Wooldridge equation. This result could
be attributed to the presence of fla
areas on top of these sandstone moun-
tains. The equation derived from slope
alone is not acceptable. Thus, to improve
its accuracy, landform and elevation
were included in the prediction equation.
For the limestone rock type
watershed, all the equations gave almost
the same results in watershed class
prediction.  Therefore, for this rock
type watershed, the eguation derived
from slope alone (LWSCJ_) was used.
Tor all rock tvpe watersheds,
slope alone (TWSCl) was highly suf-
ficient to predict watershed class for
granite and limestone rock types.
TWSC, was just as accurate as TWsC,
in predicting watershed class. But for

the sandstone rock type, slope zlone
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wzs inadequate in accurtely predicling equation had better prediction accuracy
watershed class. The equation derived than the Woeoldridge cquaetion in  all

ing three variables (TWSC;’ was rock types.

acceptable. This result is in accordance The results obtained from the
with the {findings in each rock type field validations led to the selected of
ratershed. However, TWSC, cquation the final equation for all and each rock
s recommended to predict watershed tvpe of watershed. These equations
class for all rock type watershed., The are.

For All Rock Type Watcrsheds
TWSC, = 4.261 GRAN + 4.466 SAND * 4,634 LIME - 0.839 LSLP

(t=32.2) (t=34.0) (t=35.7) (t=—dp/5)
— 0.230 LELEV + 0.424 LLF <+ 0.197 LSOIL
(f =i i) (t=13.9) (t=6.0)

(R” = 0.95)
For Granite Rock Type Watershed
2
GWSC, = 56.163 — 1.172 LSLP (R =o.

[€9]
(9]
N

For Sandstone Rock Type Watershed
SWSC, = 4.617 — 0.908 LSLP * 0.333LLF — 0.154 LELEV

(t=e7.7) (t=—25.0) (t=7.4)  (t=—6.6)

(R” = 0.03)

For Limestoene Rock Type Watershed

LWSC, = 5.326 — 1.118 LSLP (R” = 0.93)

(t=92.8) (t=—62.1)
GWSC,, SWSC3 and LWSC, sheds of granite, sandstone and limes~

were used to predict watershed class tone rock type watershed, respectively.

“or the individual cight selected water- These predicted watershed class values,
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together with forest cover and socio—
cultural factors, were used as the bases
for mapping.

However, the TWSC. equation
with geology as a dummy variable
could also be used to determine water-
shed class instead of using three sepa-
rate equations. In fact, there was no
watershed which had only one geologic
rock type for the entire area. The
TWSC. equation is more accurate for
it generated more matching grids than

the Wooldridge equation.  Therefore,

the TWSC. equation would be more
accurate in predicting watershed class
for the watershed area which has com-
posite rock types. On the other hand,
if time is a constraint, the simpler
model derived from slope would be re-
commended to he used in predicting
the watershed class for granitc and
limestone rock type watersheds.  For
the sandstone rock type watershed, the
equation derived from slope, eclevation
and landform could be used to predict

watershed class.

RECOMMENDATIONS

On the basis of this study, the
following recommendations arc given:
1. In

determining  watershed

class, the following prediction cquations
for the different rock type watersheds

could be used:

a. For All Rock Type Watersheds
TWSC. = 4.261 GRAN + 4.456 SAND * 4.634 LIME

(t=32.2)

(t=234.0)

(t=85.7)

— 0.839 LSLP — 0.23% LELEV * 0.434 LLF

(t=—42.5)

+ .197 LSOIL

(t=6.0)

(t=—14.2) (t=13.9)

(R = 0.96)

b. For Granite Rock Type Watershed

GWSC1 = 5,163 — 1.172 LSLP

2

R = 0.88)

N

(t=64.4) (t=—45.7)
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¢. TFor Sandstone Rock Type Watershed
SWSC, = 4.617 — 0.908 LSLP + 0.333 LLF — 0.154 LELEV
(t=27.7) (t=—35.0) (t=7.4) (t=-86.5)
d. For Limestone Rock Type Watershed
LWSC, = 5.326 — 1.118 LSLP (R" = 0.93)

o i A=
2. If resources (i. e., budget,

N

iime, manpower,) arc unlimited, the
equation for all rock type watersheds
T‘\‘-'SC:,) could be used to predict wa-
“ershed class.  However, if resources
&= limited, the simpler prediction equa-
=oas involving only one to three varia
223 should be used.

3. The above equations could be

o8 1o determine watershed class for

the studied rock type watersheds instead
of the Wooldridge equation which in-
volves five explanatory variables.

4. Probit analysis should be used
in future studies to predict watershed
class in discrete number involving class
variables on the left side of the equation.
should be

5. Further studies

undertaken to determine watershed
class for other rock type watersheds

(i.c., shale) in the humid tropics.
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