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DETERMINATION OF DIRECT RUNOTFF FROM RAINSTORM
ONNATURAL HILL-EVERGREEN FOREST
IN NORTHERN THAILAND
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INTRODUCTION

Locwed in the tropics. Chadlaml has
i lugh ramnfall and humidite, a warm climate,
with a total land area of SE3.1L5 s, ken.

witrrle

With these climatic charactensties, the

country is coversd wih ropeal poan Foresis,
I the past, feaest aress practizally covered

L e lowlands up e the ghlanes
tue 1o High papolaiion growih coupled with

e matien’s predormatastly agzicuhural neels,

re’ziec with rainZall mesn

1wk ol =ielall 1IEPD ard basellow (0E Bol was
sely carrelineld with masaam
il

Lagi | was i

caabedd woalhrracn ol duia

wncaztrollesd deforesaion gl rapid espansion
al desteuctive pracrices inwo the waiershad
arews cauwsed i el Jdeplenion of the forest
area sspeaially in the meunuwen: porth o]
Uhatland, an area Tormerly covered wilh
dense nararal hill-evergreen foresl (Chunkae,
ctoal., 193, Marthers TiEnlindd s mounizin-
wiis, L these moanraias lie the headwalier of
the nation™ main waler supply fo0 the naeen

tl the central rice plain, the Chico

sl T
Prava River, Ue miesl impasian rives of the

capntry, which passes rthrough Bangkok.,
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Al presend, Todesl ey in the o nits

cooarvectierd o aer culiare and ocher pur-

sy wille the mighland foress are delorest
by the hill-trioes bath Tor plantog theis
i;'_n,'u_,uml vruge ol seltiement an 15heng,
P Thee rate of foirest desteaction in tha

parthesn Reginn from 1976 oo P97, 1978 1

1082, and L9R2 to LUE5 were 20075 1 UA; dancd

pereenl, resoeciively (Kkankamasrn and

Supatra, 1981, Royal Foress Deperiment,
19631, The Rowal Foresl Departonent 11953]
repiaried Lal the farest area i northern
Tamibined declined from 7,784 sq.km. in

1952 bo Bk, 120 g ko a1 19ES

As i sorsequencs, deforestalion has
cacsed 112 problems of waly deeradanion in

erms of quantity, gquality and regime,

Likewise, thiz alen led to soil erosion, wilsr
dhrrage, &and drowghl durong the summmes
sewson and loodineg in the rainy seasan
Theorstically speaking, il could be aid thar
aowarer i the mvdrclogie ceele waz neiter
ol por eonserved b land or waler oisase
with nn proper censecvalivn soalegics surcly

agpravale the problems mentioned abuve.

[he oliectives of this siudy ace (1) Toognalvee
rainfall charmeleristivs and direc ranull

selationships of a small watershed i Noithens
[hatland; {20 To develep pradiction couations

“or the amoust of el Tlew and direct

Fasr, &

21T 2dECLYHG

me 140 ;1._-_=|L FECEARIO0N

Lnall, peasMaw, 1
tee, and g time ol a sterm hydrogranh;

wrnd (3 To genszate baseling daa on selecied

Teetheatowical svenrs Teaen he st head

METHODOLOGY

Simily Area

The area selected Ton the sncdy s ocaed
al Dai Pui, Chiangmai Province, Sorther
Phailand a: latitode 18 45 % amd loogirude
98 54 F; ghour 20 km [rom the city of
Chigngmit,  Fhe experimenral area has an

elevpton ol 1,320-0 2035 1 M50 with sha

mean a1 1LA20 moMSL. he mean siope was

astimutest b 39 8%, The arca is ebaoul D07
sp b, o BT RE. with o perenal stream

as tha erigin of Jhe hepdwaier of the Chau

RES T

Pravi Hiver, Seil ol the sma.l v
1he study 2ren belong to e Family Tropo-
humuolie of he Caeas Sail Group Ulosiods
havizg o sleoch of mose fzan L3 om, All
soil harizans are sends clay Josm with a pH-

valoe renging from 3,310 5,7, Buls density

al the topscil (045 omd was less than 10

amscz, The percenlaey of organic malte
abreptly decreased wirlt inereased soil depeh
Chunkae and Meksir) (197a) faand
that the el tnfikaron of dov, mas, ol
wat snils are 1,102 8230 and 1% mmohr,

rimed goabout 4 2 and L Ronr, respedlivdy,
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witl i censtaonl inEliatinng rare of akowe 280G
merdhr, The average mimimum sl motslure
necors in February and March and rhe
maxirmnn Grkes place in Seprember. This
could he duz 1o che small weoownt ol ranfall
durtng the dey segson aml heavy rainfall
tluring the rginy scason. The charsclerislies
ol e sl menslete eomstant showed that
waler can he absorbed From lhe lopson s
gravirational waler and then released 1o ihe
stregmilow aimd swhsequently becomes as

lareral flova (Chunkae and Makiakhirom,

1974,

The Kop-Ma Warershed s covered by
narural hill evergreen foresi The whels
witlershed s located in the Maeg-5a and Dot
Pui Mational Fark bebind the Blbing Boyal
Paluce. The foresr is composad of 43 mmee
specigs with 18 uodernrowtl species angd 21
phrearophytic specics. The average peroeniage
el crown cover iz aboui 90% which varied
with altirnde.  The main species consist ol
trges al the Family Fagaceae, such as
Castaropsis, Litkocorpuy, and Quercus
species. Stand density increased with increasing
altitude Bul ol in basal area due 1o smaller
trees in highes elevations,  Sland idensily Tor
tree, seedling and undergrowth were esrimarcd
to e abour 154905 179,300 and 96,006
siestiadia,  respeciively, with average hasal
arga of X220 syomdba, The undergrosihs

campriae of ferns along the hattom lind,

Wl Far 800237

21U

Wa

ke (Fwrerg woshalioia) oo the hill

slope and Yatack rFafiverin gizeneides

asaociated with Yaka (fmperdia orliegnes)
on the ralie top (Chovkan eral,, 18R,
Strcamflow cheracterislics invesligzial

b 120-Wonolels wedr with recordiog stall

wmhicatesd thin abous YIS mmAyr, o 1R
cii i s km. of annuel strewm Uow Teeds the
streenrts Cerouphical the wear, O this amioun
abonl 1™ (e gheat QTR 0D coLme sk

acourred dur The wel semeoen and aman

250 (e about ALK cuomdag. kme ) happenal

in summer.  Runofl potenval, whick 15 the
perenlage ol runadl e confall, was &hon
&5% . Turing the stody period, there was nn

Ul e

face runotl o the watershesl,

shipe of crest segment with the steep slope
af the rising hmb, therefore, indicated tapd
Jateral flow,  Louse testure wili gl soon
al wrgvel i smil profiles rogerher with hicl
aradient oo overlamd stope aold Bed sock were
tesprnsiple Tor these characteristios {Chankan
ctoal., L981L  And the revession coelloen]

af alirect and basefow (Ke) are 1240 and 095,

respectively.

Suierinks

The fallowing materials were psel 10
conduozt L siudy

1, Mapaf the srudy arca;

&

2. Rainlull cecorting vhit;
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= Duskettes o progzams oo Mocrosial

i Lolus 125
i Mwrocompueer TBMVM-XT ar AT: and

§ e sehool supplics

M himls

The reinfall and runaff detg were
aetainzd om the Department of Conserviation,
Facwlty of Foresioy, kasetsart Linjversiny,
Thalland.

The experimental walershed used For

i lovaesd i the kooe

e walikatien af «

Va Warershed Rescarch Srarion subwalershed

A tletamled deseription of the soorees

cteatd are as tellows ©

Mag, A lopesaaplie map el e sty
iren was abrained 1o determine the oundary
el waiersned [ 1 owas printed by the

dviel Thie Army ARTAY with 1he scale of
SN and enlarged up o the scale 132,500,

Rainfull data. HKarntall daie were

githered vsing a weighing rvpe recording
mingare locered in the average zone of the
waerahedl, D on selecied mdivadual rain-
serms were gathercd from the Kog-ha
Wilershed Resenrch Staten subwatershed D).
The etfecrive rainfall for a pericd ol 20 vears
Hwah-1985Y from the recording chan were

sad ps secondiey dula,

Thu: 1. Por, 8237

298¢ 1Lk 241

The ranoladl data mewsucement recorded
ware dFigure 1hos follows

1o DaresmenthS v of ech selesied

RLaTm,

Z. Initial nme of ralasrorm;

1 Ti:”l:' JF.L| I."'I|r|||,||i_||i‘|-'l;' pmaonnt ol

rainsterm of any hreak point
4. Rainfall increameni between any

hieak poiniy;
X

5. Rainfall inlenaity for each bBieas
puant and cumulauye average raintall inrensity

A, EMfechve rainfall duraisen (E0; mend

s the sum ef the incrial roo che Tinal time i
the rain stopped;

T Lftestive amounl ol ramsworm (EP;
mml s the som ol amognt af runlall frem
the rime it stares uneil it s2ops; and

8 Ao effective ruinzall ntensiy
nf all hreak poires (EImas;mmd b aod e
linal cumulative effective rainfall intensiry of

e wirale slorm (Elaves memshe.) as vaclables

for developing rhe predictinn equation,

S Aneredent pnlall was moditied iz
the form of the cumulative arecedent radnlall
intemsicy, CAL{mmAhr) for 3, 6, %, 12, 15, 14,
2, 24, k48, 6, T2 B4, U6, 108 and 120

hours from e selected effectiive rainstorms

previously mentioned.
Ihe 178 observatinns of individoal

rainstorms of small amaunt up o avialable
erfective ratnstorms werg garhered for the
peviad 19AA-1985 o develop the multiple

regrassion equition ussne Loty 12220 solwane,
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Figure 1 Belotionship ol efTective rinstorm vomabbes ihut affect storm hedrapeaph variahles corresponding o e

AR obseTYacions.

Siceamflow data,  Stieamfllow data
mieasured from 120-Y-notch weir were craphed
as shown il Pieere |owith the automatic
drurivpe Sieven waler level jecaider. Data
an individoal eflective hvdrograph corres

pondine e sare abseraations ol el

rapErarins mentioned abeve were also garered

from the Koe-Sa Watershed, The waler Jovd
recerding chart of 120% Vonorrh weair was
alsa pbiningd as o secomdary data for g 2

woars period Trom L9660 |9E35,
Streamilow dala measurements were

conducted e follows
1. Ul e monthy/vear of each selecial

hvelrograpl were read and reverdued:
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2, Both the initial time and sl
evel af the aydropraph belure ot rises g were

rewel anad Tezorded;

3. Both e e and water level af the
reeording chart for cach break poun for boerh
dsing and Falling Liks jncloding ithe peak
af avdrapraphountl the warer level el el
' rthe same initial witer level reading were
read and recordel;

4. The averags height of water level
between hreak puinis wers compuled;

5, The discharge berween break poins
paliplicd by cach duranion was compased;

&, Lhe somenarion of dischares Irom
fl itial ro the end o1 the st hydrograph
salled the totad Do, OT {ouam.) was ob Luoned;

7. The baseflow QB (ooan,d using rhe
iial readioe, of water level in the sguistion
muliplied by the retal tme al the srarm
Fycrngraph (TF - TR, were compiec.

%, The difference betwess 1otal flow
10T and basellaw (QU3] s ealled direcr fow,
(R (ouom b was Tkewisz determmine:l,

%, The hewghi betwesn e initial s
level up e the peak ealicd peak of divect Mow,
P dom .y, was also dletermined,

L, The riree from inital o the peak
of storm hwdreaph i@ called rime e peak,
TE )

11, The time Mrom the peak 1o The
el ol stoem hydrograph s salled recession

rime, TR [min.);

2480 1089) 243

12, Lagnime, TL (min, s the dhiation
al the sime beresen the ool seading rima
ot rainstorm aad e itial reading time al’
storm hyedpograph.

amary he sireamfow variables, vl
basellow {0B) was classificd as the slepen-
tlenr variahle.

Ihe 1735 observarion: vi mghvidual
stowen hydrograph doringe thie same period
(19R6- 19831 commespading 1o rhe same obeer
vt al rainsiorms praviousiy mentioned

were noted.

Siabistical Analysis

Slepwise Multiple Linear Bepression
pechinigue was used 1o develap acceplable
qratisrical relaionships Retween and amnong
earh dependen: variable : T, QR, HP, TF,
TR, and UL s a Monctien of the mdependent
vasuhles @ FT, ED, Elmas, Llave, OF, CALL
Calf, CAIY CALIZ, CALIS, CALLE, CAILL
CALR, CAIRG, CAL4E, CALOD, CALT2,
CATRD, CAI96, CANDNE, and CALLZD in all
selelse rinsrarms,

Each muluple lnear regresscn equation
was curried ool using a Micrestal Sofbwae
Progeam and an [BM crmpater. Throghout
the entire siudy period, the mukiple hnear
resression cquation o 179 abaervaticns with
M anlependent variables were analvead wsing
fhe srepwise reession model L find out tie

crader by owhich independent varables highly
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coarelaie with dependent vanables, The
selecred fingl equarion is rhe most suitahle
that could explain the highland srreamflow
characterislics from the headwater of northern

Uhggilermse] tha relegse water 1o the loaver arems

ol the country

RESULTS ANID
IDMSSCUSSION

In thos study, stepwise regression ol
Microstal Software program was applisd o
develop prodicnan eguations for selcared
Ptlrilowic variahles From 175 nheservalions of
A amill headwarershod & Keg-Va Walershed,
Di P, hlaczpamin, Sonbern iailand dorivg
the peried 1966 10 1985 The kng-Ma Warer-
sawtl is st the suparvision of the Deparbmend
af Conservation, Faculy al Forestry, haselsail

Lnversily,

237 - ZAE(LWEY

The sources of daa for bola indepen
deny and dependest vaciables wers drasa from
Lhie werglco type reconding vaingape chasls
amd dinm swpe recording stalfoage chans
The 21 independent varables are o rainfall
arneant {E P, razodull dusation (B0, o
amd average rwinlell onensicy (L Tmas and
Lilivad, baseflow, OR, CAl 03, 6% 12,
21, 24, 3G, AR, 6720 B4, 96, LUE, and 120-
b camrmulative wtecedent rsintall e e,
The dependenn variables arc @ toral fow (0T
ditect Flow (QR); peak of direct flow THPD
Lrne o pesk U1 PR recession Lime ¢ FRY; and
|._|_|g_| e d UL ol the indisidual siodm,

The predicricn equations develuped
from full models shown in Tablz | were as

fullanw s -

£

F ¥aloe k i
QT = - X250 1NARGH 1T TP b Ty 1ttty 172
K Miantzy LIS EP LS00 hadlT . ERTID 173
HE 0801 - 0OMER ED - L0137 ED g1 .5362 175
TP - [RJELE- DMOIED - 0ATIREP & 2072 A0 fasTn 175
TR — 49z 3% 59 B o D290 OH &2 [22RCALS Jaass HIEHE 1 194
1" ADEWZ DA Dlopas - LOMIT R 0 eI EE LR I 174

Tabie 1 Full model of stepwise regression equation of subwatershed D, Daoi Poi, Chiongmai,

Borthern Phailandd,
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HIGHT HASNES1E CFF THE BAMUSTHEN

240U 30 4]

TEFENS- SEA TSI AL FARAMETERS
nES1 W IEF Imiercepicd lmbependent Y aribles seil. b,
vaRl %01 Cloasraml e al b= oaluie K= Wul-®
ARLES Valur (B} 2l ind Estimuie
£2H r
121 | tam AFATL LDZASY DAL LW
1 130 LR A LRC TR L A i R L
ER 0k
(K]S 1 4 dig 112240 AT QTTTR DHALE
T - 1718 HR{TETS LA DAY QRTI0 DMEE
CP L
HE I GUHTH 1 AINE fIem T GHIAE [ OD
- eAS93 [BRELS 00137 LA R LR RS R T ¥ £
kP VAN
T | 2 TiEMI 1l
z 1 it LRI L3 e
§ (L B LR e Landss pEETD QETD
R o Calb
I [ ATAILE S dsai2 231, OhUs* TGT O DEREE
2 A7 L b L 1ha 7 GEQTT 1 HHAN [REE T
S 140702 SR Eaq.1232 151 8 ST LARIA N
Elmas El FF
L i 2 hL M 1,456 anErs 0T
) L6350 HERLTE [N T RRHRE] A 71ES
kl 2RI LINEEN (KR [ et il | .7ELE b1l R T )

Al the prediction souations are highly
sinificant.

Lot Flow. Based en Fioee 1, the
tonal Mo conszals el boseMow and direct flow,
Direct fow is dorectly awifeied by the etbeciive
reinstorm anly bul basellow & The main source
ot sl Mosw throogoul che vew and the most

important fow dormg the dry ssasan of the

hati]

perenniil strenm of Kog-Sa watershe) :

base Mone should e the st prioviry of the
independent varmbles that has the hipres:
vorrelaion with the ool dow of the stream
wh long s Uhere oo sorface TanelT eoouesing
in rhiz warershad dunng e whole year, This
situsiien can pe explained by the kagh in

Mhrration rale in Lhe Wi ed,
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Idrect flow.  The dirzer Flow of the

nydrmarapk is directly relaied wath the wmean)

of storm and supparied by buasellow

lwwit el Tective rainsiorm,

| romn | iaure |, W
ttere Is no direet Ao, Thus, raanfall amean:
v a priovity vatiakle 1o affecn direct o
while comtinued baserlow was derpead Trom
sl ety teleased slowle duning che day.
Uhee sl maistore in the whole warershed -

e higgest source of waler For the perenmal

stream sspeciadly during the diy seazon

ok, 1982

Peak of dircct flow (P, Uhe s
al direct [low s diresied affecred by tne
asnow sl of rainfall, From the prediction
cuarion for peak of direct Tow, the amanm
Ut rainsonm = e Tost pricricy veriaboe
divestly coriclared with the peak ol doeel
flows Telowed by the reversed zanlell Guatens
Chunkae el 1911 reporiad tha the oo
ol mainfal dircesly affecied ditect low ansl
Faseflow,  Basellow suppastel tbe Tlow in

somes Srem sell

the siezam,  Lhis

mwdsture whicp is slowly selewse] e e 2l

Time o peak (1P Dise 1o peak of
the hydrograps e divesrly atizoed by cuaben,
imversely by raiotfell amoun. ot divecily
alfecred by -hour cumalative antecedsni

raindall wlens Thi= finding supporis the

resull of the stody by Chantanasmith (19821

and Boonywwat and Chastkao (T75) wher

they  reported UCtan the amount ol rainil

moreemes dhrestly with raintall inmensicy b

inversely e rainfall duration,  This s whe
the wme (o peik mereases wirh the durator
al ranlall but decreases with the anouent ol
tainlall.

Revessiom rime § TR Recession ame

i+ directls selaresd oo rhe armoun: al
anel baseTow hur v G5 invessely reliesd wab

Hehowr zumulecye antecedenn sainfall itiensing

Lagrime (TL), Legone ooihe ceflesion
al the ellects al physcal characteristics ol

the watershed suck as popography, seil el

vegeration cover onorwntall,  Furthermere,

lagiome hos aostraeg nverss relatiensaip weh
Friem the resulis of this

pain il iniensiny.,

study, lagrime iy mvessely conielated with

masimum ey - all irrensite TElmasd
aid e amount of rainlall, bur divesniy
zowrelated with rinlall dovareon, The order
vl prioziey of These independent variebles an

maximum oifesive G essity (EDmaxy,

ay Firs, curiton ol effecive maanzall (LD as

seecirgd and, and emount of effective rainlall

crive tainzall

IFP} as thord. Mascmom of

trensiy has an fiverse relazionship with the

[rverse by correlated with

laglir
raznfall daration sonsiderng the ceneral

clharastenistios of the rain inrapieal regions,
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RECOMMENDATIONS

Rased oo the results of this study, Lhe

[law nr reccinmendarions nre made 2

The medel needs to be tested an
gareraacds wich different laml use types and
o differsn parts of the ropical region Lo
detgmmine i apphoabilive in these stuabions.
Caatiom shall be gxercised in using the models
aalsicle e srudy ared;

2 Ramladl distobanion anilysts within
rre walershed is necessary 1o detormine the
uptitm size of watersled thar would provide
rel bl data for beter model development,

3. A exrension of the study using the
ceplharea-duralon analysiz af ralnstonm
i several raingage stations willin the
watersiedls wonld be wseful 10 gather moere
peliahle data and develop a more sailalle
prediciion madel, Srreamilew routing would
e weelul in the model wo determine the ellec)
af travel Lime of time of concentralion; and

4. For fulure studies, other physical
watcrshed charasieistics such as slope and
lemgth ol the stream, iniiiel soil moisture,
fandd yee rype and olier Tactors could be

wseful

However, the srudy has the Calleawing
([t =TI

|. The results nf rhe study may he
applied only on & small healwatershed with

wream fiow fed by high inensiny ranniulls
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1 The models are designed [er per-
enmial siream:. As such, they may nat he
applivakle v intermittent sireams and

4. There musl be a high correlavon

hetween rainlall and streamtlow 1o achigve

hest s for the maodels.
REFERENCES

BOONYAWAT, 5 and K, CHUNKACD.
1975, An-analysiz ef rainfall charac-
teris=lics and gage density on small
watershed, Doer [Fui, Chiangmai.
Ranckok @ Kog-Ma Warershed Research
Bulletin Mo, 210 Dept. ol Conservation,
Faculty of Forestry, hasetsar: Lniver-
giry.

CHANTANASMITH, P. 182, Ao analysis
af rainfall probabilivy aad s patterns
an mewntainaus land ar Dol Pui,
Clhiangmai, Bangkok @ M35 Thesis,
Fasctsarl Wniversily,

CHUNKAQ, k. 1982, Principhes of walershed
maragement. Depl of Conservarion,

Facully ol lFovestry, Kasctsarl Llniver-

sity, Bangkok, Thailand,

M TANGTHAM, 5. BOON-
YawAl and W, MIYOM. 193]
1% years tentacive reporl enowalershed
management research an mouniaino s
lund, Depl, of Conscrvation, Faculty
of Forestry, Kaselsarl Lniversity,

Bangkuk, Uleailand



24k

Thae I, For, ¥ 237

cand 1 MAKARALRHIROM,
L9 Sprmnmer Tow of hill-everereen
farest al Lod Pui, Chungmas, Kog-ya
Watershed Rescarch Bulletin Ma, 34,
Lepi. ol Conservatuon, Fadalty of
Foreseey, Kasersiu? Lioversily, Bunghok,

Thailand.

G MO TANGTHAM, 50 AK-
SORNEADE, % RLUAMGEPANLIT, O
PANICHAY AKLL, M. NOFARAT
MARAPORMN, B, JINGSLINGNLERN,
S BOONYAWAT, W, NIYOM and 5.
IANTANASARIT. 1493, Rescarch
un hydralogical evaluarion of Lyl
se Cactors relaled (0 water wviclds in
the highland: a: 4 basiz [or selecing
subsiilute creps for opiom poppy,
Highland Agriculiural Projwecl, Kasel-

surt Lniversity, Bangkok, Thailang,
Land Co NARKSIRL 1976,

Infiltrarion vapacity of natural hnll-

2480199

evergrecit Tooet al Ded Pui, Chiangnd,
Bungkok @ Koo-Ma Warershied Researn
Bullin Mo, 25, Dept, ol Congervatior,
Faculty af Forestry, Kasersarn Up-
viersity.

KEASNKAMSORM, B, and T. TARLUPATRES,
1961, Lsing LANDSAT lmegery 1o

inwestigare the chaneges of foresr lasd

use.  Forest Manogemenl Divsion
Raval Forest Depariment, Banekak,
Thailan,

ROYAT FOREST DEPARTMEMNT, 14ss
Foress arca of Thaaliel [rom LANTISAL
Raval Forest Depariment Press,
Bangkok, Thailand,

SHEMG, L, L 18600 Watershed ramagzemen
and conservalien farming in Neern
Fhatland, Mac-Sa Lniegned Waiessha
and Frerest Land Wse Praject, & liane
e, Weorking Paper S0 110 Warershia
Management Division, Roval Fors:

Department, Hang kol




