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ABSTRACT

I Mufayvia, water gueantit and quadite as well us sittanon of river beds wre closcly connected with hill fand develvgpment, soil erosion amd
sedimentation Gradual depletion of developuble fowland has rosufted in the development of Wil land, which tocated v the upstream of
drainage basins, iv exiremiely sensitive to humen-induced environmental chunges. Even small changes caised by forest clearance could lead 1o
severe demage o atead svstonis suclt as flore, fma, climate, hndretogy and sods. Rapid developarent of the foothills, stopes and hill tops since the
[9205, Ixave resulicd i deplction of forest, dosirection and deieroration of watver catchments. chungimg micro-climatic clementy, enddungering of
wiled Hife, figh ranes of sol eroxion, increased incidence of londstides and rockiulls, figh rates of sedimentativn feading to rapid yiltation and reduced
capecitivs of rivers feading fo mercased froguencios and magnitiides of “dowenstream flooding, and the peltuion of river weater. Much of such negatve
fmipucts wre also i fo the disparuie and wicoordinateed natare i which a farge manbor of guveriment agencies ge drutnuge basins. There is
aneed for afl drainage Rasis jo Be managed 0 an integrated promer, Border o conir ol il faned dovelopmient aned te associcwed impacts

INTRODUCTION

Malays i hias come @ long way since schieving independence lrom the British in 1937, Atfter more than three-guarters of a century
of tin and rabber exgplortation, the British fefl a legacy of development. Townships and urban areas were rapidly developed and by
the 1970s, urbanization and Industrighzation touched most of the country. This pace of frenzied rapid development aceelerated
during the cariy vears of Prime Minister Mohammad Mahathic's feadership which transformad the country from an agrarian
soctely 10 one of the most rapidly developmg "Tiger cuonmniu" of Asin, As g result, land becane an increasingly scarce reseurcy
many of the devcloped areas such as Kuaka Lumpur, Petaling Lava, Penang and Johere Baru. I the last ten years, intensification of
industrialization. heusing and construction, the d"'clopmc.nl of tourism and agriculure, and prester urbanization have led to
greater pressures o fand. bven land reclamation {in some coastal arzasy has not eased the pressures, as demand for land remaing
high. As such. deveiopers have wrned o developing hll land. Currently, many hills and their cnvirons have been developed and
many il projects are in the pipe line, This has fed o0 many environmental pronkms such as deforestation, decimation of wares
catchments, destruction of endangered fauna and flors, sait erosion. fandshides, water pollution. sedimentation and downstresm
floodmg. Two of the more serious problems are depletion and pofiution of water resourees and downstream fooding, 1e. the focus

of this paper.

Hilk kandd, which s foeated on the upstream of drainuge basins, 15 extremely sensiave o human-induced environmental changes
(Kung. 1983; Chan, 20000, Even small chanpes caused by forest clearmee could lead s severe damage on natural syvstents such as
(Kung, 1937 Rapid development of the footiiils, slopes and hili tops since the 1970s, have
changine micro-climanie elements, endangering of
. hizh rates of sedimentation leading to rapid
des ot dowastream Jooding {(Chan, 1995), and

. hvdrology and s it
restlied i depletion of forest, destruction and deterioration of water calchments,

wild life, high rales of so1l erosion, increased incidence of fmdslides and rockt:
bLHd ton and reduced capacitics of rvers leading o inereased frequencies and magr
the polution of tiver water { Wan Ruslan, 1993; Chan and Wan Ruslan, 1047

Hora, faung, clun

Tradidonally, hill Tend (as upstream stretches of tiversy and nivers are placed under the responsibilty of @ large number of

government departments and agencies in Malaysta, each managong a distinet cor g ith duthe interaction or co-ordination
amongst them (Rerzeul, 1999, Henee, management of river basins (which include 71 land} ix frasmented and this has been
Erabn, 1999y Henee. there is a need for
W downstream activites need 1o be co-

recogiized as a mgjor weakness hinderng effective management (Ahmad Fuad &
river basing 1o be manazed tn an integrated and hobsiie manner whereby
ordinated (He and Kung. 19983

EFFECTS ON WATER RESOURCES

Malavsia receives an average rainfall of more thar 2000 amm per annum, moest ot Juring the hortheast Monseon seasen
{Figure 13 Hence. the vountry bis abuadant waler sesources (Reizrul, 19U Chan, 20uth ] Unfortunitels  the dist ibution v
rainfall is uneven hoth oser time and space us many sides and months vfien experie T addition, water pellution
watlabiity of water resources. One ot the i sourees of poilution 15 the

due to o myviad of i activities roduces the total ¢
sediment resulting fom erosion of the Jand surface. In the humid woples, soil crosor huve caused land degradation 1o oceu
an akarming rae {Douglas, 19945 19901 Tuman activities influence borh the avadabilit of Tresh water and the water quality

&

Rapid developmen: teeleed o inerease i populationt especiaty i residential development even on the smadlest of seale,

oo ol onderiving or nearby aguilers orsurtace wader (Falkland, 5993

conld lead to conts
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Fruure 1. Location of Malaysia and In fluence of Monsoon Wimnds

Wan Rustan 119937 has shown that hili land cicarance by construction activities has caused a lot of f erasion on hil slopes. Soil
erosion on Penang Hili refated to tend clearing for agriculture has been described as early as 1938 when Seper (1938)
recognises the soif erosion problens as weil as ways to manage the problem. Chan (1998} has shown that the rate of soil foss 18
ngly high i steep and billy arcas i the cqummml regton. This s bccun;c ofth high erostvity of the high intensity ramfall as
ung that exposed hill siopes (in the Penang Hill
slene of 34 dugr res can give rise 1o 2 30-fold inerewse i surtaee runoft and a soil Joss of between 700 to more
s The Depasmient of Ervironment Malayvsia classities soif erosian rates as foltows: vy low erosion - <80
severe erosion — > 150 tornesthavear. Based on the above
a can be extrenely high, Even though the above soit
Joss caleulations is based on @ werse case seenario (e, assuming all vegetation dre cleared), it cannot be denied that many hill slopes

alar
well as the steep slopes. Based on the Universal Sail Loss Equation {USLE).

area) with an averug
than TOU0U torneshads
tonnes i \ car: {2} severe erosion - 80 L3 onnesha yeur, and (3Yve

classification. it can he seen that the potenial soil toss i hidl slopes i Malavsi

1 urban arcas under laond pressure e I’ erany Istand), huve vers Bittle vewetation left. A such. the soil loss of at least
350 tonnestavear is stilt ar beast twice above the veny severe category, For example, 1n the Pava Terubong ares in Penang, i 13
estimated that about 3070 of the slopes huve been cleared of vegetation. This sould vive an eroston rate of between 100 o 33()

tonnes havvear. D‘ll‘.ld and Kulasingant ¢ 19741 found that erosion rases in forested and pianud (vegelable) areas are 25 v’ km™ yr

and 732 b w' respectively. This is an increase of more than 29 tmes, This rite of erosion can have devastating eftects on

water quality 15 the volme of penerated sediments are extremely high. The lake in Cameron Highlands w hich used o spot clean
CAT WALLT I8 Do a,mn;mld\ pollined by sedimentation and has o underee sigorous treatment betore it can be used as a source af

water supply. This contirms e susproon that inensive and unconirolled farming and other physical developments on Cameron

Highlands has degraded the quality of s water resourees.

Sail Yoss data collected between Jupe 1995 and June 1996 on Penang isiand and computed based on the Universal Soil Loss Equation
praduced 3 soil foss of about 19000 tannesheetareivear in freshiy deferested land with stopes between 20 w0 30 degree s {Chan and
Wan Ruslan Ismail, 1997 Given the higi inteasity of equatorial rainfall in Malaysia, the steep terrain and the resulting high rate of
son, sail Toss in a forested catchment in the Air Itany water catehment in the

soil lass, landstides are the inevitably resuits, B compa
fuble Garmig on Bild stopes which recorded asoil loss of between

Penang hills s oty about 001 w13 tenmes hectare vear. Ve
3010 90 tenmes-hectareds car is already regarded by the authorities with concern.

soib erosior is also mnfested iw sedimentation it i helpfial 1o distinguish between an site erosion end downstream effects or
ot site impacts (3raijnzeel, 10931 This is because not all the eroded material will enter the drainage actwork immediately
Sedintents that end wp i the river will be carried dowpstream and will be deposiied behind debris bars and control structures
credt problem to the
enrfiee witer availanle Tor domestic nses. The fiemy sediment e pellotes the witer and render i ansuitable toe public

such s weirs, The inerense insediment concentration associated sith Tand elearig activities pose o

HE



Effects of hill land development and soil erosion

consumption. The sediment laden water needs to be treated and this usually involves a greater cost which is passed down to
the consumers.

One of the greatest problems encountered by river managers is that of sediments (Bauglas, 1999). The sediment concentration
is one of the main indicator of soil erosion. [t only measure the suspended ediment lead, where sediment discharge compriscs
both the wash load (suspended sediment) and the bed load (Dickinson et al., 1990). Land disturbance will increase the amount
of erosion (Goh, 1978; Douglas et al., 1992, 1993). Since the load of sediment is the product of sediment concentration and
discharge of rivers, any increase in discharge following land disturbance mentioned above as well as the increase in sediment
concentration wilf definitely increase the sediment load and sediment yicid measured at a downstream river cross section (Wan
Ruslan, 1996).

Measurements taken in the disturbed Sg. Relau catchments vielded sediment yiclds estimated at 910.5 t km™ year! and
3,100.6 t km? year” at upstream downstream stations respectively. In comparison, the sediment yicld measured at Sg. Air
Terjun basin (s forested catchment) was only about 101.68 1 km* year! (Table 1). Elsewhere i the Bukit Kiara Basin,
construction site, Chong {1984) estimated vields about 16,5001 k™ year | whereas Mykura (1989) found yields about 12,125
tkm™ year " in the Sg. Sering Basin. in the Sg. Jinjang Basin, an urban area, the yields were 2,283 (Balamurugan, 1990). This
indicates that development of hill land (in this case deforestation and urbanization) causing dimimshing forest cover in the Sg,
Relau catchment areas is a significant cause of increased in erosion and sediment yield,

TABLE ]
SEDIMENT YIELD FROM VARIOUS RIVER BASINS IN MALAYSIA

River-Basin Land Use Sedmment Yield Sgtircc
{tonkm™ yn:z‘.r"'}

Bukit Kiara Basin -~ Construction 16,500 Chong (1984)

Sg. Sering Basin Logging 12,125 Mykura (1989)

Sg. Jinjang Basin Urban 2285 Batamurugan (1990)

Sg. Relau Basin Semi-Lrban 2701 Wan Ruslan dan Zullyadin (1994)
Sg. Relau Basin 3101 Wan Ruslan (1993)

Sg. Air Terjun Basin  Foresied 472 Wan Rustan (1993)

Source: Wan Rusian lsmail, 1yf

EFFECTS ON WATER YIELD AND DOWNSTREAM FLOODING

One of the effects of hill land development, s.e. fznd use change from forested 1o deforested catchments, is in the amount of
water yield {Bruijnzeel, 1993; Law et ab., 1989, The water vield, however, is not suitable for water consumption since it
carries a lot of sediment the cost for ireaiment is high. Most likely, the increase in water yield also has the efiect on increasing
the streamflow and runoff, which afso has the adverse effeet of flooding in downstream segments due to the lowering of
channel bed, thus reducing the capaciny of the river because of siltation. Many siudies have shown the ingrease in water yield
involving the clearing of fand upstream. Law et ai.. t 1989) and Abdul Rahim (1990} reported studies in Sg. Tekam Basin and
Berembun respectively, involving lind use change from farest to plantation and due to logging. Both cases showed an increase
in water yield as much as 706 mm tsecond veari at 3¢ Tekam and 175 mm (third year) at Berembun watershed (Table 2). The
targe increase in water yield in the foarh vear (823 min} was associaied with clearfeiling i the upper part of the Sg. Tekam
catchment (Douglas et al., 19931, The reduced inliliration after conversion of Torest resulied in more surface water runett due
to the creation of more impermeable surface combined with the seafing action of raimsplashe This hus been shown o

exacerbate downstream tlooding {Chan, [993),

Surface water vield increase impiies thae less water are made availible tor ground water storage. The storage of water n
underground aquifer will be reduced and the effeci is rormally shown during Tow flow when the water supply depend solely
on underground water. This hus some implications for domestic waler supply espectally during the dry period or fow flow
supply. The effect of disturbance of land use on water discharge of a catchment especially duning Tow fTow exhibits a higher
low fow for much forested cutchment compared t the most disturbed catchment. Comparison by means of the space-tinie
substitution approach, shows that the ttab low flow discharge from December 1993 to February 1994 was comparatively
higher for undisturbed Sg. Air Terjun catehment which has higher percentage forest cover compared to the lower pereentage

S
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forest cover of Sg. Relau catchment. The diminishing forest cover is clearly the main controlling factor in the amount of water
storage capabilities of the catchment. The higher discharges at downstream Sg. Relau compared Lo the upstream station was
due to extra waler input due to quarrying activity and continuous discharges from urban areas.

TABLE 2 i
CHANGES IN WATER YIELD IN MALAYSIAN CATCHMENTS FOLLOWING LAND USE CONVERSION
Catchment Name Catchment Mean Annual Changes in Water
{Type of change) Area Rainfall Yield mmy
(km?) (mm) Year | 2 3 4
Sg. Tekam, Pahang
(Secondary forest to
cocoa plantation) 0.37 1§78 +110 +706 4353 4263
Sg. Tekam, Pahang
(sccondary forest to 097 1878 +145 +155 +137 3§22

oil palm [60%] and
cocoa {40%])

Bukit Berembun,

Negeri Sembilan 0.13 2136 1165 P42 #1TS 0 HL5S
(lopging [40%] of

primary forest)

Bukit Berembun,
Neweri Sembilan 031 2126
(Selective logging
of primary forest
{30% conservation
measures|)

+70) +Uk 44

Sotrees Law et i, 1989 Abdal Rahiar Nk, 1990,

INSTITUTIONAL ISSUES

Hill land and river basing are problematic areas. Currently. there are many government ministries, depariments and agencivs
which have a ciuim to their management (Keizrul, 1999). [t 1s & case of oo many cooks spoiling the soup. Hence, the
management of river hasins (which include il fand) is not done in an integrated and holistic manner (e et al., 19932 He and
Kung. 1998) . The divided responsibilities beiween Federal and State agencies. and offen hostilities between them (soime states
are woverned by opposition parties), mike matters warse. Henee, there is no formal mechanism to integrite and co-ording
activities within a river basin, Given that alf activities in a nver basin will affeet the riverine environment and river w
quality, proper management of such activities through co-vrdinated efforts from planning to enforcement is necessary ta
ensure that waler resourees are not polluted end dowostream flonding minimized.

<

dater

Over the years, different government depasiments are responsible for river conservancy, flood mitigation, water resaurees,
navigation, fisheries, tourism, recreation, mamlenunce of water guality, rescarch, cte. In addition, some gencies cover areds
which impuct onto the river system {land use, structural planning, forestry, sewerage, industrial ficensing) white others have
jurisdiction oo the leensing and approval process (Keizrul. 1999) As a result of the mvolvement of o many ditferent
depariments, it s nevitable that conflivts osten arise. For example, while the Water Supply Departinient wants to 0l up the
dans, the Flood Management Agency is desperate 10 keep the dams half-full. The Forestry Department iy be interested in
conserving its hill forests but the Tourisi: Depariment wants to develop il areas info hill reserts. This has often fed o

conflicts and non-cooperation,

CONCLUSIONS

Hilt Land developrent in various forms, including logging, tad cleanag activities for agriculture., illegal squatting
heman ko use o eatehment areas are fuend to aifeet the bydrological systens i terms of increasing ihe soil erosioi witer
diment conventratior. Many badly eroded hill lnd arces in Malaysie are iegely due 1o hoaun
cint, The rezative

vield and increase
interference while nateeal causes such as catural uprooting ol trees duv W storms are compuatively msian
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impacts of hill land development has been shown to sericusly pollute the water resources and exacerbate downstream
flooding. Hill development can further destroy water catchments, give rise to soil erosion, landslides, sedimentation and other forms
of water pollution which exacerbates water stress. When the eatire natural hydrological eycle is disrupted, it eften culminates in
environmental hazards and disasters such as landslides and downstream flooding, events which have become increasingly common
in Malaysia in recent years as more and i ore hill areas are rapidly and haphazardly developed. Despitc experiencing an equatorial
climate with copious rainfall all year round, Malaysians cannot take water resources for granted. The majority of rivers in Malaysia
are already polluted to various degrees. As hill development is aceelerated, the water resource base will be further reduced. Malaysia
should count itself fortunate that it enjoys plentiful rainfall but it must protect and conserve this vital resource by mitigating its
extremne manifestations. Hence, the conservation of hill regions, and the holistic management of river basins through a single
empowered agency are necessary steps towards sustainable development.
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