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THE HYDROLOGICAL ROLE OF KHAO YAI NATIONAL PARK
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ABSTRACT

The hydrolgical rale of Khao National Park as & function of watershed ecosystems wis
investigated wsing historical daca af runol| and sediment dischariges recorded during 1964 1986
by the Roavl Trrigation Department, Matienal Bnergy Authority and Electricily Generating
Autharity of Thailand.  The specific yicld, sepsonal distribotion, water budget, MNow timang
[Mew dates smd Mow intervals) ingluding secdimem vield and some physical water gualities
contributed Mrant eight catchments having their headwater souree in Khan Yai Mational Park were
attlysed, Trobahle impacts of eforestation in those watersheds on flow magnitude, erasion and
sedimentution were alsa arempted to determine. 1o was found that at the time of the sdy

(1082 when Bhao Yai was covered by 82 percent forest and average annual rainfall of 100 mm,

A yDeparumen of Conservalion, Foculty ol Feresiry, Kaseisars Lnivonaity Bangbnk, 10805, Thailand,
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the runed! discharge was generated ai 087 memysgukmSyr, The catchments wich less than 70

percent furest cover contained streams with higher values af pll, turbidity, eolar, elecrrical

condectivity, 1otal dissolved solids and hardness. The bulk of surface waler (rom Khao Yai

takes place during the rainy sewxson (May to Oeraber) with peak fows from August 1o Oclober,

Owerall, the rutio between wet and diy Nows is W02 1. The hasin with the least amount of farest

cover was shown 1o have the shortest hall — flow and guarter — flow intervals of all basins,

indicating rapid runoll during high rainfall periods, Regression analvsis indicated that Tor

every 10 pereent decrease in forest ared of Khao ¥ai, runoff will decrease by abour 47 memsyr,

The present carchment erosion rates of Khan Yai average 005 mmeyr. (0,65 tonshasyvr),

INTRODUCTION

In the past decagles, the scosvstem of
foreated and agriculoural land has been studied
extensively in Armence, Lurope, and in some
Avian Countrics. General and specific siudies
lave reached the widely accepted conelusion
that the wnderscanding of ecosystem concepts
can gid in developing plans for wiser and even
more intensive use af the natural fesources,
Conper {1969 stated that “an uncultivared
warershed i= an intergrated system that trans-
frmns  precipitation, selar radiarfon, oihe
crvitonmental vardables, labor and capiral
inte wod products, livestock products, wild-
life, recreational and cschetic satisfactions
and water. The farest managernent subsystem,
the prazing subsysrom, the recreation use and
development subsystem, and the warer manage
menl subiyslem interact to produce the vogeta-
tinn, animal and soil candilions st govern
the vield and qualitv of its prodects and
services, The only leveél of ccological theory
thar can effectively puide mansgement of such

i complex svstem is a theary of geosvsiem'”,

The lerm “‘ecosystem’ was proposed
by Tanslay {1935) as “'a system resulting from
ttie integration of all living and nonliving
factors of ihe environment™. Odum (1963)

defined “‘ecosvatem’ as o baszic Junctional

unie of nature which includes both orranisms
and their nonliving environmeni, each Loier-
wcting with the other and influencing each
other’s properries and both necessacy for the
muintenance and develapment of the sysiem,
Similarly, Vassere (1972} explained that *'an
coalogical system or ecosws(em possesses 10s
own organizaion which is represented By plam
animal groups mocontinual interaction and
existing in a physico =chemical environmenl
where exchange occurs®.

I its Mundamental azpects, an ccosvstem
invalves the circalation, transformalion and
accumulation of encrgy and marier through
the medium of living chings and their acrivities,
Photosynehesis, decompositian,  herbivors,
predation, parssitism and other symbiotic
achivities are among the principal biological
processes respensible for the tanapert and
storage of materials and energy. The interac-
ticons of the organisms engaged in these acti-
vities provide the parhwavs of distribuiion,
I ke nonliving part of the seosvstem, circu-
lation of eneiny and matter 3 completed
by such phwsical processes as evaparation,
precipitaiion, erosion ind depositien {Vinsley,
19357, Anccosystem, then, may he visualized
ms i oserics ol components, such as species
papulatens, orgacde debrs, available nulrients,

primary and secondary minerals and atmosh-
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periy pases, linsed together hy Food webs,
murrient flow and energy flow {Rormaenn and
Likens, L9648

o cecent years, the watershed approach
ta the study of ecosssrems is being wsed exren-
sively in studving eeosvstem.  Cooper {1969)
stited Lhal “'a wiilershed is oceupied ar any
diven time hy a parcicular grouping of plants

and animals,™  This ls almost o rewording
al the clissie delmiton ol an ecosvsiem.
As osuch, a catchmen: of convenient si2e 15
wactul for studving interactions among plants
sl somals angd thedn nonliving environiments.

Among thiee main funcrions of Forest
copavarems, ie., hydrologic cycle, nuocrient
eveling wol energye Mow, the hydrologizal
function is the one thar can be visoalized
by people not only in terms ol il phovsical
process but alse bz benetils conlibule 10
people. L0 thas the main agim of this paper
o prescnt herein the hvdrologzal role of
Khao Yal Mational Park,

Bhwo ¥ai Natooal Fack lias been consi
dered 1o be very essential Torested censystems
which was proposcd o be one of the world
bentapge,  Desides tecopmeing as the firse
mationl park in Thailand which is popularly
known as a place for recreation and Lourism,
LEis alsoo @ superutive source of streanwaler
[or downslredm areas of the northeastern
and esstern provinces,  This paper lolents
Lo present Lhe benelits of Khao Yai Marional
Park intenns ol s Avdrological rele 1o dowo-
serean poaple,  The specific objeclives jre (1)
ta describe, an general, the benelis of Khio
Yai MNacional Park as a lorest ceosysrems. (2)
tor present its hydrological role in forme ol the
contribution on Mow guantcy, guality and

regimen (o the surrounding downstiean arcas

and {31 o determmine the inpact of deforestation
ol this eeosyatems on these hydralogical cha
raclerislics,

It i hoped that the results obtained
frosm this study could be o opart of knowledus
leatding e evosvstem rehahilitation in rhe
camming decades so that environmental con-
dition not only in Thatland bl alse of e
world be recicved maore artention in better
management and improvement which will be
consequently beneficial o the gualiy of lile

of wll mankinds,

KITAG YAI NATIONAL PARK
The Last Foresl Resources in

the Mortheast-Central Region

The General ¥iew

Khas Ya:, Uhailand s Firsr national park.
is locuted al the southwest edee of the Kharar
Platesu in norrheasr Thailend (Figare 110 L
2GR km” extend into four provinces: Pri-
chinbur, Nakhon Mavok, Saraburi, an Rakhon
Kachazsima, Located about 160 ke northesis
nf Bangkok, khao ¥ai has been one of Fhal-
land's most popular perks since e establish
roenl oo 1962 and s one af ten Asean Herirage
parks and Rescrves (WPLD 1986).

It is located al the western edee af the
Dongrek mountain range and most ol s
terTain is mountainous,  Limestone  peaks
dominare its western side while te easiern
side 15 primarnily low, undolating hills, Ever-
wreen forests cover most of the park aleng
with smaller aress of dectduows Torest and
grasslungd,  Average rainfall is more than
200U o per vear, with most of this ocourring

during the runy season frem July o October,
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I'he northeast region of Thailand has the
sallest proportion of Torested area of any
o the countey's tepions,  Belween 1961 and
1985, the region's percentage ol Torest declinsd
o 42 10 1404 percent (VIKEL 19571,

the vicinity of Khao Yai, almost all Toresis

In

sulsicde of the national park system have heen
devrnled o fetally clesred for agriculiure
and sartlements. Deforestabion within khao
Y 15 much lower than in the surrounding
areas.  Plowever, even will ils prodecned
sarus, forest cover in Khao Yo decreasad
frorm 4 percent in 1M1 te 85 percent of Tand
areit i (985 {RED various vears).

Khao Yai provides a number of benels
beth o the surreunding region and the natinn.
Ii S @ prremies tawcist destinalion m the regien

with hetween 250,000 and 00,000 wisiis pey

verr. Since it cantaing most of the iergining
farest inthe reginn, o fsal critical opornance
for wildlife and also profoundly affects the
hedrolopy ol the resion Foor majer river
Fasing have their headwarers in Khaoo Yai,
and two maejor reservoirs are dependent nn
seater Tram the park

The mein rtheears o Khan Yal are of
huseo e, Clvang ol Loresis o sisde the
pack’s bocler Tar ggoculiucal land, Troacihing
of timber, wildlite, and nther forest prodoers

depride the park,

Henefits of Khao Yai MNational Park.,
This pait beigly describes e benelits
of Khao Yai in parricular o biodiversity,

woelogicul processes and tourism.
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Muintenpnce of Biodiversity and Leole-

gival Processes

Khao Yai concains one of the lages
remaining areas ol ran ferest i mainland
Asta (Dohias 19821 More than 60 percent
of the park is considersd tropical ram forest
(NP 1986), mostly berween the d00-m and
10y elevation level. This type of Foresl
s multisioricd with muny epiphyies, Within
this category, ditterem stangds confain quite
dilTerent vegetation communitics (Kasetzarl
Llniversity, 1962},

Diry evergreen [ores) is the second most
SOMENON yeRSLALION T¥pe, COVETING d4pproa-
mately 2a percent of the park, These [orest,
found mostly between the 1Eand  4-m
elevation level, accur in the west, north, and
sputh of the park. Becouse of their valuable
rimber species, muny have been disturbed by
timber poaching (ML, 1986},

Areas ahove 1000-m elevation arg covered
with hill evergreen lorest, These forests anly
cuver approsamately 2.2 perecat of Khao Yai's
area, The Mational Parks Ddvision {1986)
has called for special protclien of these areas.
There are alza small arcas of dry, mixesd
decidwous forest, Only moleted patches af
this forest type remin due (o past distocbances.

Eobran Yan's sive and diversity of habitats
make it a valuahle storchouse of plant genetic
diversicy. MocKmoon wnd MacKinnon (1986}
note Lhat Khao ¥ai is considered a plant
canservation priotity sire, the only such area
in Thailand.

Creerall, Khao Yo 15 estimaied o have
more than 2000 plant specics (NPLD, 1986).
Cumhberlege and Cumberlege (196dp reported
Finding 121 species of orchids in a series of
visils berween 1962 and 1963, Eighteen of

ihese speecics had nol been previously repor
in Thatland, and three were belicved 1o be new
spacies, previously nnrecorded anvwhers,

The diverse habitats hackor @ rich variery
of wildlife. More than 60 specics of mamimils
live in the park including larger species such
as elephant, tiger, gaur, serow, sambar deert,
plicated gibbon, white-handed gibbon, amd
pig-lailed macagque. The park also containg
18 species of amphibians and 35 species of
repriles [Kasetsart Upiversity, 1982 For all
ol these species, the protected wreds femain
their last refuge in the ares. Even within
rhe park, few of the larger speeies are abundant
outside of the headguarters aren of the park
due to widespread poaching (NP, 986},

Khawo Yai is the only known area where
the ranges of pilcated and  white-handzd
pibbons overlap. Thiz zene of contact s
considercd an important rescarch area, o
the hybrid offspring between the Lwoespocies
are oof preat inrerest 1o scientisis {Dohias, 1985
Drackelman, 1975), Borckelman, a professor al
Mahidol University, gocs as far as saying that
khao ¥ai could become the most imporiant
gibbon study ares in the world,

Khao Yai is also considered i key site
for forest bird preservacon (Round, 1545).
Wore than 295 species of birds have been
recorded (WPID, 1986} This includes four
species of hornbills—species that require Large
areas of malure Torest to survive, As one of
the largest procected areas in Thailand, Khao
¥ai provides the besi chance for Jong-term
survivel of hornkills in the region.

Owerall, Khao Yai's rich diversity of
plants and animals makes it an important
conseryalion area for muintenanee of hiologcal

diversily, There are lew plages in Thailand
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where such o large area af forest has remained
mtact, These few remaining  reserves ane
critical to maintatning viable populations af
wild species. Khao Yai may harbor a much
as 10 percent of Thaitand's total population
of clephant, guar, vger, ansd pileated gibbon
thasetsart Ulniversily, 1H85).

Tourism

In addivion to beirgg e oldest pational
qars tn Thailand, Khaa Yai is also onc of
the most papular and well-developed parks
fer rezrearion. Located approximately 3 howrs
awiy Drom Rangkek by car, Khao Yai attractz
large numbers of hoth Thais and [oreigners.

Tourism 0 Khao Yai has increased
dramaticially during the last decade. Berween
1997 and 1985 {the peak vear), the mumber
of visits tripled, reaching more than 40,000
in 1985, The number of visits has dropped
i e last rwa years, but weas still mees than
A0 in 1987, (Shermin and Tixon, 1949)

THE HYDROLOGICAL ROLE OF
KHAO YAI NATIONAL PARK

The Headwaler Sources

Khao Yai plavs an extremely impariznt
role in regulating the warer resources of the
surrounding region. The headwaters of four
mujor river basins are locared within the
park ‘s boundary.

Figure 2 shows the location of the major
watersheds in Khao Yai. The two watersheds
ot e western edge, Muag Lek and Huai Yai,
arc mostly outside af the park’s boundaries
ardd are not considered further. The remaining
four warersheds—Prachin  Buri, Lam Phra
Phloeng, Lam Takhong, and Bakhon Nayok--
are all of ¢onsiderable imporiance.

The west are southiwest parl of Khao Yai
contains the headwisters of the Makhon Nayok
Kiver. Most of this watershed is located on
the windward side of the park and has an averape
rainlall of 2350 mmAye (Tangrham [9EEL
Three streams-—-Khlong  Tha Dan, khlong
Nang Rong, and Khloop Wang Takhrai--
originate i khao ¥ai and merge just souch
of the boundary ro form the Nakhon Bavek
River. T'he Khlong Tha Dan Trrigation Project
1 locared in this warcrshed.

The tarpest watershed in Khao Yai, the
prachinbur, includes streams which eventually
drain inte the Prachinburi River.  These
streams include the Sai ¥ai River, Sai Mo
River, and Lam Phravi Thon River, which
[lew inta the Hanuman River, and Khlonog
Mong Kaco which flows ta the Prachantakham
Fiver, ‘Lhese rivers both Mow inte the Pra-
chunburi Eiver

In the northern part of the park on the
leeward side of the mountams is the Lam
Takhong watershed. This watershed covers

a relatively small area of the park (201 ko),
and the water flows o the Mun Biver in

Makhon Ratchasima Prosioce. Thero is @
reservolr oi the Lam Takhong River in Sikhiu
istrict, Makhon Ratchusioa, approximacely
166 km downstesam from the headwaters of the
rivEr.

Another tributary ¢f the Mun River, Lam
Phra Phloeng, alse originates in Khao Yo IS
watershed covers 114 km™ in the northeast part
of the purk. There is also a reservoir on this
river al Pak Thong Chan Distrct, Nakhon
Ratchasima, Approximately 60 km  down-

stream from Lhe beadwater source.

Mg present, the majar areas of forest loss

are around the perimeter af the park though s
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Figure 2.
time concinues, deforestation is moving farther
inweard (MNP 1936). The areas suffering the
areates losses in lorest cover are in the nortieast
{froom Pak Thong Chai Districr west o Pak
Chong District], the southeast {Madi District
and Prochantabbam Dasteict), the ooribvest
{feen Tak Chong  Distrier o Muoak Tek
[Fstrice), and in the west (Khaeng Khoi District)
(TIy, 1986),

The Hydrological Role Investization

In arder (o evaluate (he hyvdralogical
role of Khao ¥Yal Marional Park, the following
methads end procedires were employed.

1} The srudy area was divided inte 3 man
river basins namely: Makhon Navok River
Basion, Prachinbiicl Biver Basin and Mam Mun

HRasin.

Lrcazian and dracnage hosing of Khaa Yar Mosianal Park

21 Im each river hasin, it was divided
intey subdrainuge arcas basing on availability
al lestonic hydrometeoralogical recocd  (Fi
aure 2.}

3) The watershed wreas

oulzide (e MNationil Park boundary were

within  aal

separately messured for the purpose of es-
mating  waler vield contribured by National
Park arca and rhosc by arcas ourside the
Maticnal Park.

41 ‘I'he  historic-hyvdromersorological
data were mainly ohtained from the reports
published by Royal Irrigaton Department
(RIDY. Mavonal Boergy Authority (NEAJ,
and Elecrricity Generating Aurhority of Thi-
land (EGAT) including some parts {tom (e
Melegralogizal Department.
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1 Monthly water--quality  dara  were
antained from water samples taken at the cighr
assigned sampling stations (rom November

1981 L Dctober 1982 (Tongruk, 1983), Some
waler-quality  chiructeristics such as warer

lemperature, pH and DO were measured at
the atles. The duplicared water samiples were
tiken and preserved and analvsed inimediately
after the samples reached the luboratory in
Banghkak.

f) Streamllow characteristics in the
following calepories were investigared and
discussed:

(13 Waler vields in terms af annuoal

and scasonal Tlows,

{2} Specific wvield-the wolume of

annual sireamm-Mow per un aren
of drainage hazin {mamsg km)
and runolt potential-the racio of
annual runofl and oen annaal
basin rainfall {in pereent).

{3} Monthly and scasonal distribiilion
of runoff of cach drainage area.

{4} Waler budger of cach diainage
area and for the khao Yal Mation-

nal Park arca.

L
—

Regression maodels of the runofs-
rainfall relarionships for each
drainage arca.

(51 Regression equation for predicting
detorestation elTect on runoll
discharwe,

{7) Streamflow tming in terme of
hall-Mew dates, bhall-Now inter-
vils, quarter-Flow dates and infer-
vils for each drainage area.

{8} Impact of forest destruction on

suzpended sediment vield,

Rusults of Investigation:

Resulls of this invesrigation are divided
il 1 oparls
PART I: The Role on Waler Quantity
Contribution

I-1: Water Contributied 1o Downsireams

I'he sumrmiry ot mean annual eaofll
discharge, seasonal Mow and specilic vield tor
all drgoapge bazing emploved in ihis study are
shown o Fable . and can be briefly deseribel
wy follonws:

1) The average annual rafall over
drammige areas where their head-watcrshed
originate in Khao Ya Navonal Park ranged
Trom T300 mm for Mam BMuon s to 000 mm
ar the upstream ol MNakhon Buvok River basin.
I'he aresl weighred average of annual rainlall
over Lhese drainape hasing is ahour 2000 mm,

Y Generally the MNakhon Navok and
Frachinburi River Rasing which locale on the
windward side of Khao ¥Yai National Pack
have higher annual vainfall than the Lam
Thakong and Lam Phra Phloeng waterslal
which locate un the leeward side.

The mean annual canlall ol the wind-
wardl  basans, cthe Makhon Navok and Pra
chinburi are 2,251 ol 2,337 mn respectavely.
['he Mun River Basin which locees in the
leeward sule bas about 1900 mm of annusl
rainfall,

3y By average, runoflof ahowr 1AS0 mim
oor 0% ol anouasl raanfally for Nakhon Navek
Basin and about B45 mm (or 40% annoal
raunfall) lor Prachinburt Basin are also greater
than that of $26 nun (or abeut 25% ol rainlall)
el the Mam: Muon Basin. o the contrary
the eeapotranspiralien (L cdoalated For both

of the windward hazsing ae less tThan Thal of
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of Khao Yai
for drainape basins within and around Khao Yai National Park

Park ; Mean annval rusofi discharge, scasonal flow and specific water - yicld
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Rakhon Nayok Hasin -
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Phrachunmbakham a1
= flan Tha Takm i un (L) 1132 i.3a n i34 o & 4 -8
Nam Mun Basin :
Lam Phra Phioeng
Ban Bu Hun Chang 2 2000 (723 T4k nis T 144 L) L3 B 1933=0d
Lam Tha Kong ai
= Khais Yai Lk xm 4% 758 0.3 % 41 ol 5 I 19T
= Ban Mus Pt ur 18 2 L5 ] 24 101 fit I 4 1533
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Weigted average by drainage 201 - 0.68  H] - " - ] -
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the leeward basins, The Er of rhese chree
bastts e, Makhon Navok, Prachinburi and
Mam Mun are §#3, 1442 and 1519 mm which
i5 equivalent to aboul M), 80 and 75% of annual
rainfall respectively.

4y The Tha Dan Basin in the windward
gide containing 97% of (orest cover has the
highest specific vield of runoff (1.6 million
cubie peters, mem, per sg.km) while the
Bu Hua Chang watershed n the leeward side
which having only 22% of forest cover has
pnly (.15 memAsg.km of specific ycld. The
weighted average of thes pacameier was cal-
culated ac 0068 mcimag. km (Table 1)

5y 1o weneral, peak flow ocours during
the month of August, September and Corober
depending upon topopraphic Jocarion (wind-
ward ar leeward side) forest coverage and land
use prictices, Ahonr 77 to 98 percent of tofal
annual runctt oceurs i the wet season {May
ta Octeber], the rest of 2 1o 26 percent occurs
it The dry scason. By average the wer flow-
dry flow rutio is about 10 2 | for the streamfow

from Khao ¥ai Mational Pack.

I-2: Effect of Foresit Conversion on water
Quuntily

i) The study of effect of Lopowraphy
undd landuse on water balance of Khao Yai
Mational Park (Kaeochada, 1984) indicated
that deforestation has caused the higher water
loss especially in the area converted from
feresl land to agricultural practices. For
instance, the MNakhon Mavok Basin which
was covered by 97% of Forest has only 30%
of water loss {evapotranspieation and leakage)
from the basin while abowr 1% of water loss
has been observed for the Lam Phraya Thon
Rasin which locates i the same windward

side and covered by only 63% of foresi (see
wlser Table 20,

24 In order 1o abrain quanricative impact
of land use change om amount of water down-
stream, the multiple regression analysis based
o the historical runoff discharge and annual
rainfall which were recorded during 1966 1o
1980 togecher with existing [arest and drainage
area was determined to find out their ralation-
ships {Ruangpanil snd Tangtham, 1982). The

equation and itz statistical paramecers are:

RImem) = -205.63 - L8627 04
+ (L IHFRE AN + 4. 58 56FEF A,
R® = (L6129,
multipte B~ (7829
with F-ratio = 36,42
where
R} = predicred annual runaff discharge in
millien cubic meters {memy,
O = drainape area in sy.km,
BAIN = observed basin average of annual
rainfall in mm,
EFA = existing foresl cover in the basin, in
percent of {otal drainage arca,
R! = Cacfficient of decermination,
Although regression analvsis resulted
in not very high of R, this scaristical para-
meter and the positive coefficient of EFA
indicute some eflfect of forest destruction on
downsiream flood. In general, it can be said
for all drainage areas within and arownd
Khao Yai Mationul Park that conversion of
forest landuse into conventional agriculiural
practices has resulled in decreasing annval
flow downsirearn, The magnitude of impact
depends upon he drainage area, topographic
effect, amount of annval rwotall and type
of agriculiural practices.  The  decreasing

annual flow downscream runoff @ perhaps



Table 2. Land wie patterm 2od walos todper of 2l baaks wrouno Kieo Yai Nakosad Pt

1,566
]
i3

Lasd Use Patiers, k'’ Water Busget. G}
Biver Wanis Aven whikis  Asvs ot of  Toud Rrservede Agrbmboral Gram  Foreu Anmyal Ammwal Answsl
Mage Vi Khse Yol Anes A Ares Lasd Lead' 41 Rainfall Rusolf ¥
1. Nolban Nayeh Riser Baum
Basi Khaa Nang Dus iy Sise - Wi AR ST 208 LM
(=R L1} cam LR s o
Dias Tha i3an o - DA 4N ksl L8H 1AW
(8- T = TR [ed]
2. Prachinburi Kives Rasin
Bad Vil i Ban Wng Heo W4 m - Jan - - L e
haay [+
Sini Vsl u D Sy Him A iR o - I HR AT LG S
(LA L] EUETUR L U L] om
1 am Phaya Thas o [ AL 1481 M40 Pas a0 LN 1 M
Han Vg T .30 L (L T ] {5
Pracaseealbum st 12100 - e - 2N LA J08TT LA M0
Ban 1ha Takre (e “h (LU I[Ny ) 1an
E Mun River Tads
L Poa Phileomg 2t ) LR T TaE 6NN W 1M e [£]
Bl B Mus Clung [T ] man psAn Wiy (24 m
Lam Taknong ar Pak Clong 209 4TET R0 asis0 s N4 Al unr
L35 a3y GLTH (LR (3328 xn
Lo Takhong or iz Bunz Tonn 15270 (L% -1 (RN TR R TR R L R
am wam OFSR 0N N @
Lamn Talbion o Han Ml s AT B0 - Wl BN ek LN o
LIt (8L 2L W (0o m
Taem Tukbong af Khao Vai 050 - G - - 18 MM LM 33
oy (8 LY ) (L5

wh

§ CHBM o A s O A v L e T oo Lk Zahgrare ool P, 0%, ol PR, it 0 By s At el s g =44

2=l

6204 [ L

{0661} SA1-TL1



PIEHATIIUAIART B 1TE— 185 (2538} 183

tue 1o the higher loss of water diverted Trom
strcam channels and stored Tor horiculooral
and agronomic purpess,

1y Since staristical paramcters of the
derdved  equations show  highly  significant
imtpact of land-use change in the study wrei,
the equacions are therefore applied for pre-
dicring impact of Torest destruction o6 dowis
stream flood Tor Khao ¥ai Marional Park,
It can be interpreted based on the equation
that tor every 10 pereens decrease in forest
areat [or Khag ¥ai Narional Park, tunoit
discharge prodoces by this area will desrease
about 1.3 cros dor about 47 memsannuml,
Ar present (1983) when exmsting [orezl area is
about 1918 sg.km or aboul BY% and ziven
busin average of annual rainfall aboue 1600
mmsyr the runoff discharge produced by
Khan Yai MNavional Purk = about 2000 million

cubic meters per year {cal. ac 1993 momdvrh

PART II: The Kole on Flow Regimen
Bockground and Definition

In order to evaluate the impact of land
wse evolution within and around the Khao ¥ai
mational Park on Flow regimen, steeamMow
timing defined by Court (1961, 1962), Saterlund
and Lschner (196%), and Sopper and Lull
{19700 iz employed in chis study,

According o the previous lieratures,
indicator of streamflow tming can be care-
gorized inlo Cwa gpain Erameeers, e, the
UElow Dates'” and the * ' Flow Intervals™. The
first one can be defined as the date an which
a given Mow volume of 3 year has passed

and it can be further designed as;
Hall-[low date (HFT):-The date onowhich

hall of the streamflow of a year hos pussed,
First (100 Ly and Chired (3OFT quartile

Mo dates- & dates an which ona-fourch {1.4)

and three--Taurth {3/4), respectively, of the
year's flow has passed.
For the “'Flow woterval”™ parameters it

was dedined as the shoriest number of conse-
cutive days rthat accounis for hich flow and

the longest number ol consecutive dioys (hat
aceounts Lot low Mows,

The “*high-Mew intervals™ in this study
ara defined as tollows:

Hali-Mow inlerval {HFT)-The shortest
rainy seasan pericd that includes one-hall
af the annual runolT,

Cmarten-flow interval (QF1):-The shortest
rainy scason period that includes coe guarter
of the annual ruooll,

For “low Nows'™, ronoff-flow incervals
can be defined tor ths study as [ollows;

Five percenr-flow  interval (5F13:-The
lomgest period, wsually in drey season, lhal
accounts For 5 percent ol aonnual flow.

One  percent-fow  interval (IF1:-The
lomgest period, mainly in dry season, that

accourls Ter one percent of annual flow.

1I-2: Method of Delermination

Sinee the change of flow dates amd [ow-
intervals cun be allered by varions factors
siech as the monch that highest rainfall vecuss,
the amount of annual cainfall, amownt of
rainfall in each month and the changes of
Jand wse within the watershed, vartations of
momentary peak date, ball-flow dafes and
any particular flow interval are therefore ditfi-
cult o deteer which factor or Tactors signifi
cantly aftected on. he study on the impact
ol L uze changes on streamtflow dming bhere
thus hased on the assumption that within a
piven period of consecutive years, g, 3 vear
pefind, ie., the average of flow volumes of

cach of those given pericds can he assumed
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Tabke 1. Errenmfiow regimen indizeced by “fow dases’’ amd Mo mierals® of gven Mow solume |n secer - sear fase lor emerseds
wilkin amd around Ehea Yai Mareoaal Pork

Manw ol Miver Basin Basin [ uiniimg Fluw lnterval. deyy Froer Dhaims, dude ol Wear Edven pariod

mnd v al Taresl ol Mew
Souilbed W wiershods ruiniinll mred ] iiE £F1 [ Ligi] HFL ATRELE o gheicn
mm
Wakiban Masok Besin - Ly 4 aw 1w 1n# 144 1k 1934 — 1960
- w Ran Thi Dan - L bt 41 24 e 124 147 1961 — 14908
(152 5 k) a7z w n i 2 un 12w 161 T5eE - 1970
kLol (] mn hrd L1 =] 111 114 (L1} 1570 = 1575
[ ] # I L 133 % [ B Lol
at Khao Kamieng L1 k] L0 1=] 27 133 1kl 1958 - 196G0
[T
Khait Murg Rual - a8 i Th L (] [EL 1 B 191 = |82
(510 5q.km} HES] 93 2 L LEA 113 il i 1966 - 170
I 91 L ] ] 11 142 b B -1E
- i 2 1] " i 113 i ELAL LT
Frachinhird Basin |
= “am Sai Yai @
llan Zaphan Hin e} i o 170 i3 s 139 140 — 1885
636 sq.km) 2lah ] a3 a1 1% 1Z1 144 i 1966 - 19711
] " 18 L) 182 3 1= 14z 1971 = 1975
H n 15 L] 142 n 147 143 1976 — 1978
- Lam Paasa Thun al (£ " 1] k1 133 (4] 152 170 150 — 14711
Han Tung Fack L b L ] L1 17 iz2d 151 136 1971 - 1975
(1R sy ki 2k 1 b kr] 155 128 154 140 197 — 1979
- Prachuntakham 255 il 4 4k uind 1n# 138 163 1571 — 1578
a1 Ban Tha Takro 1% a1 b1} 4= Ha 1LE 11k 1£2 1576 - 1475
4121 #a.kmi
Mun Hiver Basin =
Lum Takhong ot ] 2 o 1E3 iUE 127 18 |t — 1970
ul Khao ral BAE K 1l il (&1 124 1£3 I 1801 — 1578
o812 wzpkmp
- Lam Takhong n 21 L 1 T4 LRS 104 (L1 (1 1066 - 1570
Her Mo 5 FALR] o n L1 I7E 12n 5] 14 P —100E
135 gkl - L H] n = L7 1 158 1q [l Bk H]
- &= Takhing & LT [T ) L1 (] {[1n) 153 (L] LEL — | 1%
lam Bung Tioi LRil 0 il i 17 I 143 1r! 1086 - 197D
112 wg.kmi
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Table 4. Mcan annual of approximarced flow timing in rerms of Mow intervals in relation o forest cover and drainage area of stodied watersheds.

Mrainage  Fxlsting Flow Intervals, days Flow Date, daie of water year

area forest
Name of Watcrshed ares yuuricr  hali 5% Lot yuarier  hall Jed quarter
wy.km L] Mo Mow Mow Mow flow Mow
date daie daie
Forcared watcrsheds :
— Mam Sai Yai ot Ban Saphan Hin 636 7 e ] 59 1856 120 14 e
= Lam Si Sook ai Ran Tha Dan 152 LA 2% 1] 0 n 129 161
= Makhon Nayok at Khan Nang Buat 520 9.2 11 66 159 1o (R 76
Lam Takong ai Khao Yal ol o0.7 35 it 176 114 153 189
= Prachuntakhom al Ban Tha Takeo 121 B5.2 2 &1 154 122 11 181
= Lam Takhong a1 Ban Musi 233 T n 7 1T 12 149 189
Average for forested watersheds - 2.7 49.5 1858 133 1415 179.2
Agricubtural watcrshods :
= lam Phaya Thun a1 Ban Tung Fack il 0.6 26 = 187 2 (B 158
Lam Takhong w1 Ban Bung Tos k. B4 n 4 178 13 130 187
= Lam Takhoog a1 Pak Chong L] 13 3% B 152 115 146 amn
— Lam Phra Phlocng st Ban Bu Hua Chang 2 24 36 s 17 136 91 A4
Average for apdicultural watersheds - 337 3.0 m 12,5 158.7 190.5

ol
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o be crestend B the same rainfall characteris-
tics. ©nly the chanzes in land use within a
aiven perind is then presumed 1o be a main
factor causing the changes i streum Mow riming.

With the above assumption, cumulative
Jow valume of cach monch 15 caleulatel stiar-
ring with April as the first month of the warer
vear, Cumulative fow velume of the last
manth (March] s assipned ws 100 percent,
Cumulative ow-volumes ol each month
averape for the given period (generally 5 yr--
peried i this study cxcepr any of pariicular
pne chat its consecutive years is less than 5)
ire then plotted in graphic paper. Lines repre-
sentlig comularive values of each period are
adjusted for determining fow dates and Toew
imervals.  The methos] of deriving  thaose
sieeamTow timing is illuscrated in Digure 3,
Mean annual flow intervals ad flow darcs
were caleulated Tor grven periodical intervals
und tor the whole secarding periods of each
drainaee hazin are shown in Table 3 and
Tublz 4.

L-3: The resulis

In general, screamflow tming mlervals
for each studied watershed can be briefly

doseribed as follovws:

11 High-Maw Intervals:

The mean and range ol high-flow
intervals for three main fiver basing are given
in Table 3. High-Now intervals of Nakhon
Muvuk Dasin are almost the same as (hat of
Prachinbur Busin but much mare concentrate:d
in wiatersheds locate in the windward side
than the leeward side of Lam Takhooy Basin,
Lam Phra Phioenz has quite different flow-
mnterval patterns Irom those menrioned basioe,

O averagze, halflow interval was as much

a5 |8 days shorter in the Makhon Mayoek Basin
and Prochioburi Basin than the Mam Mun
Basin excepts in the Lam Phra Phlocng where
s hall-Mow inrervals is aboot 48 days-the
shortesl amwng wilersheds in studied area,
Far the quarter flow interval, water-
shipds in the windward side have about 3§ to
I days sharter than the leewardside basins,
Lam Phra Phleeng where having the lowest
pereonrage of torest cover again shows the

shartest guarter-Mow ateeval, i.e., 23 days.

2} Low-flow Intervals:

The longest wlerval lor S-percent
fabout 197 days on average) occorred in all
studiedd drainage arcas of Makhon Navok Basin,
followed by watersheds in Prachinburi Basin
tuboul 185 days) and the shortest on { — 171
davsy in watersheds of Lam Thakong Basin.
As expected, Lam Phra Phloeng, where il had
lowest percestage of Forest cover, has the
shorresr 3 pereent Flow tnterval among (he

Mun Rive Basin,

11 Streamflow Timing in Eelalion 1o
Lirni-use Changes:

Based o he relevant data of Mow
timing in eoncurrence of land use changes,
variation of annoal rainlul and the difference
in drainage wres as shown in Table 3, the
regression analysis wsing stepwise method

vielded the following equations:

When annual rainfall o each dirainage
arca is treated ws low variation among Lhe
riven periods, e, only percentage of exisfing
foresr arce {EFA) und the size of watershed
pr drainage area (DAY were eonsidersd as
factor influencing flow regimen, the following

resulls are obrained:
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Flow timing parameters and cquation
derived by slepwise analysts

QFL = 49,43 - 00098 BAIN

HFI = 105,94 —(.0498 RATN

5F1 = 117.58 + 0.031 RAIN

1QFD = 151.39- 0,407 EEA

HFD) = |95.38-0,5338 EFA

JOQFD = 24742 - 00031 RAIN

Flowy timing purameters and eguation
derived by stepwise analysis

QFI = no variahle meets criteria
HFI = no variable meets criteria
SFL = 137.99-0.53 EFA

1OFD = 153.39—0.407 EFA
HFD = 9538 - (0.534 EFA
30FD = 227.00 —(0L523 EFA

Parameters and Eguations

QFL = 3953 - (k116§ EFA
HFIl = R5.80—{.21% EFA
SFL = 134284 0366 EFA
LQFD = 14766 -0.401 EFA
HFD = 178.77—0.410 EFA
IFD = 212,70 -0.407 EFA

Again, when the mewn anoual of appro-
simated (low-timing parameters o relation
o the most recent Torest cover af cach water-
shed as shown in Table 4 was analysed by
stepwise repression analysis. the influence of
farest cover on flow-riming was indicated as

follows:

Reparding the dynamic factors intluen-
cing flow regimen of walersheds witha and
arpund Khao Yai Mational Park, regression
analysis indicates that annual rainfall s a main
factor that mests statistical criteria in explaining

flow regimen, Only two screamilow timing

R K F - ritio
19 — 44 3
17 — .41 341
47 t B9 14,44
k35 — .50 R
h.44 — Ay 1255
47 - .69 14,44

R’ ] F - ratio
.39 +.61 10,04
0.35 - .59 2.T9
.44 6 12.8
.39 - .62 10,4

15 B T = ritig
(.30 =055 530
(.42 ~ 0.4 552
(2,53 +{.73 O.06
0.54 =073 931
.49 — .69 T3
(.42 — 1635 5.8l

paramelers, e, first quarner flow-date and

half-tlow date are affected by forest cover,

1f the drainage area (DA) and existing
forest cover (LFA) are considersd ae Qaclors
influencing Mow timing, only EFA meets statis-
tical criteria Tor explaining 5F1 and all flow-
date paurameters, The general eguation derived
for representing the cffect of EFA on stream-
flow timing also indicates significant role of
EFA on almost all Mow-liming paramelers
excepts QUL and HEFL The equations indicale
thail besides the 3 percent flow interval, forest

cover and anmual rainfall decrease the (low
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inlervals and flow-dates due to the negalive
sign in the coetficeint of parameter RAIM and
EFA,

e may be interested in 3F1 in which il
should be the only parameter that could he
sffected by RALM and EFA because of it
prime impartance in supplyving summer flow.
Prediction equation for 5FTin all cases indicales
thar EFA and BAIN increase lapger interval of
this low-Clow parameter. Te could be sasd that
the greater partion ot forest cover o the
walershed and higher amount of rainfall the

longer 5% flow-intesval is occurred.
PART 111: The role on Water Quality
M-1: StreamMow Sediment Observation

Aldthoupgh there are 13 streamflow gaging
staticns installed in and around Khao Yt
Mational Park, only scven of dramage areas
namely @ Tha Dan al Ban Khlong SiSook.
SaiY¥ai al Ban Saphan Hin, Lam Phraya Thun
al Ban Tung Fack, Lam Phra phloeng at
Ban Bu Hua Chang, Lam akbhong at Khaa
Yai, Lam Takhong at Fak Chong and Lam
lukbomg &t Damaite ohserved the suspended
wdiment discharge, The stream{low sediment
mensured st different period of rhe mentioned
stations 15 thus employed to decermine Lhe
role of Khao Yai MNational Park on sedient
contribution. The measured suspended sedi-
ment vield and estimared crosion rate of eack

basin are shown in Table 3.

AS

with
ags.rp = M7 iasspa = 06
rassRAIN "3 ragg gy =058

und multiple B - 080

11-2: Sediment Yield and Erosion Rate

The observed suspended sediment and
calculated sediment vield data in Table =
indicate that the mean annual suspended sedi-
ment produced by watershed within and around
Khao Yai Mational park 35 about 48 tons per
sg hm. The sediment vield or {otal sediment
Toad, which is estimated hased on the assump-
tion that bed load is about 0% of anoual
suspended sediment and sediment dengicy is
cguivalent e 1,203 (onsSeubic merer, cquals
{0 abouc 63 tonacsgkm or equivalent e the
catchment area erosion vate of abour .05 mm/
yr. This amount is quitc low compared 1o
those watersheds in the Morth and the South
of Thailand.

101-3: Impact of Land-pse Change on
Sediment Iischarge

Based on the hisearical records ol runoll
discharge and suspended sediment data
together with estimated precentage of existing
[orest areas as shown in Table 5, 4 rewression
¢quation  tepresenting  relalional function
hetween annuil suspended sediment (ASS
tons) and drainage arca (A in sg.km), aoongal
raimiall (RAIN in mm), mean annual ronedl
discharge (KD in cins) rogether which percend
of existing forest arca (EFA, Wy ol each vear
wasg derived For che purpuose of landis: impact

determination. The equation is:

‘i—c“'TH FOOTIERD + 0,0030A + Q.00 ERATN + D0IZ1EFA)
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Statistical analysis indicated that all
parameters exist in Lhe equation have positive
impact on suspended sediment yield.  However
the T-tesl indicares insigmbhcant effecc EFA
o ASS excepies those Lhree paramerers, e,
RO, DA and RAIN. 1t might be possible
that Corest cover in the raoge of 70w BO
pereent of drainage area can maincain equally
af watershed ecosystem in controlling erasion
pril downstreamn  sedimentation.  The data
of ASS eraploved in this study were available
only-in Lhe warersheds that hive forese cover
areater than 80 pereent. The equarion obluined
Terein is thereloee nor recommended Tor forure
pradiction,

It ¢onild ha however anterpreted that A5E
privduced by watersheds of Khae ¥ai National
Park salar was dependent an the magnitude
al streamflow power rather than the effec
af Torest destruction. Thar is the greater the
strepmuilow power the large the amount of
ASS be produced by Khan Yai Waterzhed,

Wi-4: Impact of Land-use on Physical
Waler Qualiiy

The study was carmied ol by Thoneab
{1u5) under the Khao Yai Boosysiem projec.
Mumbers of witershed employed o this study
were the samne as thar used in studying stream
waler guantity. The purpase of study was 10
determine the impacl of land use praclices
in watershed on water qualicy swch os tempera-
ture, DO, pH, turkidiy, color, clectrical
conductivity (EC), (olal disolved solid (TDS),
acidity, alkalinity and hardness, To meer the
objectives, five watersheds having forest cover
more than 70W are considered as forested
walerzhed. Thase remaining walersheds with

23 1o 60 percent Forest cover were classtfied

as wpriculiural watershed, Stream water of
these selecred watersheds as their names listed
in Takle 6 was randomly sampled duritg
Movermber 1981 to October 1982 and labora-
pary analvsed immediately after sampling,

The summary of investigation is shown
in Tahle 6. In general, it can be conchuded
thit the warcr temperature differcnce wie
pacher small canging from 21,3 1o 25.9°C
The 0 in all selected watersheds range from
6.0 o 7.9 mesl, The average values of pll,
turhidity and color of warer range from 6,2-8.3;
G.6-Td.6 1, T.10,; and 31.4-253.4 units respec-
tively, The EC ranges [rom 28.2 umbos/cm
ar @al Yol (98% forest cover] (oo maximuom
of 5266 umhassem at Lam Takhong st Pak
Chong [33% forest cover). The TS, acidiry,
and alkalinily in all stodied watersheds range
from 12.4 1o 2545 mgs], 9.3 to 239 mgdl
A% CaC0y and 9.6-128.7 mgsl as a0, res-
pectively, The water in the streams of thes
walersheds can be classified 25 a soft to mode-
rate hard water as their average hardness range
from 10.1 ta 1623 medd as CatOy,

The results confirm that watersheds in
Khao Yai Wational Park and is vicinity which
most of the land were covered less than 70
percent of [orest (agriculiural watershed) such
s Lam Phaya Then, Lam Phra Phiceng
and Lam Takhong at Pak Chong have the
higher values of pH, iurhidity, color, EC,
TS, acidity alkalinity and hardness, In the
contrary, the resl of studied watersheds wheres
most of the land sill cover with dense Tares:
{rminimal disturbance from agriculieral activi--
pigs) are normsally low inovalus of chose men-
toned parameters. [ vould be said thal the:
ratiay of warer temperaturs, DO, phl, mrhidicy
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sodor, Ec, TS, acidity, alkalinity and hardness
hetween forested watershed and agricultural
waershed ace 10004, 0:1.08, 1:1.2; 1:3.4,
L6, 167, 1567, 1215, 1:8 and 1:9 respec-
rively,

An atrempt o determine the impact af
forest conversion of these walersheds o5 those
water qualicy parameters wis also done by
using simple regression analysis. The relation
helween (e mentioned warer quality para-
merers and percentage of exdsling forest area
was unalysed, The resulted cquations are as
futlows :

There is insignilicant effest of land use
chunpe on water temperature and [y The
decranse of Farese cover tends Lo slpnificantly
merease in pH, turbidity, eolor, EC, TDiS,
acidity, nlkalinily and water hardness.

These resulls indicare the adverse effects
ol chapging land uvse [rom [orest land o
agrieultural land on stream water gualily.
However, water guality produced by the
sindied watershed was not seriousely corla-
ginared and is still aceeplable for pullic water
supply and usages,
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SUMMARY AND CONCLUSION

The mvestigation on the hydrological
rirle of Khao Yai Mational Park as a part of
coosvsemaric funcrion was carricd our using
tustoric-fydrometearological data doring 1961
1o 1986 collected by RITY, NEA and FGAT
tagether wirh the recent forest map and warer
gualily abservalon. The resulis can be suin
marized as Follows!

1] The windward side ol Khao Yo
ationl Park receved higher sadnfall than the
lesward sidde. The annual rainfall ranged from
1308 mm at the leeward uplands to 3000 mum
ut hgher altitudes of windward side.

2y The runeff cocfficient indicating
perecntage of rainfall becomes runoll cangesl
from 23 in the leeward side 1o 70 in the
windward side.

3} Pouk flow of all basins vsually ocenrs
during the month of August, Seprember and
Ocraber depending on the peak ol cunfall
About 74 o $8 percent of wotal annval munoff
oceers in the rainy segson (May to Ocleber,
The rest (2 to 26 percent) occurs e the diy

period,

1) Temp (°C) = 24.64 - 00037EFA (%) ; rf = 0.0074  F = (044"
2y Do (mpd1) = 7.43—0.0073EFA ;17 = 0.0%; F = 0.631°

3 pH = BO0—0.0Z46EFA | o* = 092 F = J0.18%

4y TURB [1.T.U.) = 68.58—0.5774EFA ; i = 0.52; F = 642
§) COLOR {unit) = 232.27-2.012EFA ; I = 056 F = 75T

6) EC (umbosem) = 48322 4, 7984EFA | o
3, 1953FFA § rf = (042 F = 69864

71 TS {mesl) = 32154,

092 F = T(hL.22%*

B} ACID {mpdl) = 23.36- DLL46%EFA | = 088 ; [ = 46,32
9p ALKA (mgsl) = 202.12-122.0298EFA ; ¢ = (BS F = 33.77%

10 HARTY (mgsl) = 196.08— LYSHSEFA S =089 F

48, 34
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41 At rhe rime thae Khao Yai Matonal
Trark covered by 8% percent ol totest (o 1982),
i vieldedd aboul 1,888 mem or about 087
e s km per year when wverage annual
rainlall of LA mm i wiveis,

3 Converting Torest on Khao Yai MNa-
tienal Fark mo conventional agricolrural crops
has resulied in decreasing annual runoll dis-
charge ar downstreamns, Small reserveir deve-
lepment and diversion of sirewmwater foo
agriculiural purposes are bebeves] 10 be the
main cause.

fy The average suspended sediment pro-
duced by Khao Yol Matopal Fack during 19600
193 05 extimated ar about 58 rons/sq.kmyr.
or cauivalent o 005 mmyr, This amount
v guite low comparsd Lo those watersheds
1t olher regions,

TF During the mentoned peried when
lresl cover il Khao Yal bs jeduced from 94
1o 8% percene, there was insignificant impact
of deforestation en suspended sedimenti.

B The catchment with feast amoune of
forest cover was shown to have the shorlesl
half —flow and guarier - flow inrerval of all
hasins, indizating rapid runoft during high
rbnlall period,  Torest of Khao ¥al also
prolenes the 5 percent — Mow interval which
is a prime need when considered from the
witershesl management poinl ol view,

Wy The carchments wich less than 70
percent Forest cover produced stresmwaler
wirh Tigher value of almost ol physical warer
gualities excepl trmperature and Do,

10 Altbeueh the ahove resulis indicare
the adverse cffecrs af deforestation on stream
water gualily, the water guality within the
vicinily of Khao Yal Matienal Park is sl
within the acceptable range nf water quality

criteria for public water supply and usapes,
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