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Environmental functions ot' trepieal foTest cun  serve  us eriLeriu for foresl conservation  pLanning in the  Tropics. The nbjcc[ivc  of  this

study  is to evaluate  the environmenta]  functions of  tropical forest in Kinabalu Park, Sabah, Malaysia, using  GIS and remote sens-

ing techniques. Field data. statistical data. including weather  data with  geographic loca]ities, maps  and  sate]liLe  image ure cellected.
Line"r regression  models  are  dex,e]uped for foresLs of  di fferent geological substratcs,  based on  thc rclatinnships  between attitude
and  biodivcrsity (Fislter"s alpha index). Biodiversity conservation t'unction map  is derived with  the  statisticu] mvdels  and  a digilnt

e]evation  model.  Coup]ing with  extensiye  literature review,  an  evaluation  matrix  for evaluating  sail and  watef  conservation

funetions inc]uding landstide prevention, flood prevefition and  drought prcvcntion functions. is eonstructed.  Te eva]uate  the sei[ and

water  conservatien  functlons. a weighted  iinear eombination  mcthod  is used with GIS ]aycrs of topography, geology. sQi] depth. raLn-

fa11 and  slope.  Forest areas  in Kinaha]u Park are  derived with  ]und cever  mapping  using  Landsat-TM image. Areas havlng high val-

ues  of biodiversity conservation, fieod and  drought prevention functions are cox,ered  with  mainl},  lowland rain  forest. On  the othcr

hand, areas  with  high vaLues  of  the ]andslide preyenLion function are  covered  with  tnainly  suhalpine  forests. Using the envLronmcnta]
functions, a conservation  index is computed  to rcp]=sent  forests that are  important to conservatien.  Based on  the CL the ]ewland rain

forest receives highest priority in protection. In t'act, it is 1ocuted in the boundary uTeas  el' the  purk und  Lhus  expesed  to illega] activ-

ities.Key

 words:  environmental  t'unctions, forest eunservation,  GIS, KinahaLu Park

  As a consequence  of  rapid  loss of  tropical forest, forcst con-

servation  has become an important activity in dcve]opment

planning et' a country  especially in the tropics. While devel-

opment  is important to a  nation, forcst conscrvation  is vita] to

ensurc  thc 
li`rcsourcc"

 is adequatc]y  sccurcd  for future gener-
ations and  to maintain  at a high percentage cover  to tackle

many  environmental  problems such  as  globa] warming.  FDr-

est  conservuLion  can  be classified  into ex-situ  and  in-situ

conseryation.  In-situ conservation  founded on  the basis if and
only  if acquisition  of  large pieees of land is leasible, Other-
wise,  ex-situ  conservation  is the only  way  to censerve  a

species  in aTi artificial environment  such  as  zoo.  For long-term
management,  there is a need  to identify which  land of a pro-
tected area to be emphasized  in forcst conscrvatien  plannin.u
with  appropriate  criteria,

  Tt is well  known that a forest possesses sa-called  func-
tions such  as biodiversity conservation  function and  soil and

water  censervation  functions, Vltric}us terms haye been used
to represcnt  these functions such  as environmenta]  preserva-
tion functions (Sawada and  Tsuyuki, 1988) and  ecologicul

functions (Kato et at., 1997; Kate, 1998). They arc often
heing considered  as  services  ar  goods of  forests or  ecosystems

in studies  related  to monetary  valuation  of  the environment

(Costanza et  at., 1997; Kumari, 1996). In this study, all
these  

"functions'i
 are  termed 

`'environmental
 functions" in a

]oese scnse,  referring  Lo roles  or  capabili{ies  of the forest
ecosystem  ln maintaining  a sound  environment  that con-

tributc to safety and  comfort  of the society. They can serve as

quantitative criteria  to forest conservation  planning.

iCorrespondingauthor.

  Biodiversity has been the mesL  1'requently emp]oyed  mea-

sures of ecological value  for forest censervution. Perhaps ehiel'
amongst  measures  of  biodiversity is species richncss. Greater
number  ot' species  tends  to embody  more  genetic diversity
more  organismal  diversity and  greater ecological  diversity

(Gaston and  Spicer. 1998). Biodiversity indexes such  as

Fisher's alpha  index and  Shannon-Wiener index provide het-
ter measure  of biodiversity bccausc hosN' numbers  of indi-
yiduals  are distributed across  species is aLso considcrcd.  In
Kinabalu area, the Fisher's alpha  indcx and  the Shannon-

Wiener index were  found indicativc of species number  per plot
(Aiba and  Kitayama, 1999). By binding the soiL, forest plays
an  imporLunt role  in Landslide prevention. Forest can  a]so

enhunce  water  retention  capacity  and  ground water  recharge

by processes such  as  interception o[' raindrops  that slowing

down the rate  of infiltration into thc soil  and  rcsult  in reduced

possibility Df drought and  flood occurrences.  Despite their

importance. these soi] and  water  conservation  functions are sel-

dom  being considered  quantitatively Ln forest conservation

planning.
  There are  many  ways  to evaluate  the environmentaL  func-
tions of forcst dcpendjng on  factors such  as purpose, data
availability and  scalc, A regional  scaLe is attempted  in this
study  as it is bounded by scale and  availahi[ity of  data espe-

cially maps.  It is conccivablc  as an  uppropriate  scale  to con-

servation ptanning becausc what  a censervation  planner cen-

cerns  is the spatial distribution pattern and  ovcrall  undcr-

sLandings  of  the matter  under  Lnvestigation, Gcographic
information system  (GIS) is an  excellent  tool that enabLes

input, storage,  and  manipulution  of  spatia]  data for conserva-

tion planning purposes. Its capability  dealing with  spatiat
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dimension has promised a way  to evaluate  the environmental

functions of forest for conservation  planning. The objective
of  this study  is to evaluate  the environmental  functions of trop-

ical forest in Kinabalu Park using  GIS and  rcmote  sensing

techniques.

Study Area

  Kinaba]u Park is located at the northern  part of  Keta Kin-
abalu, the capital of  the statc  of  Sabah, Malaysia, between
1 16C28' and  1 160 45`E and  between 60 and  6030'N (Fig, 1).
Kinabalu Park was  gazetted in 1964, with  an  areu  of 711
km2. as lhe first national park in the State of  Sabah and  has its
boundary changed  several times  before gaining the prescnt
size, 753.7 km2, Kinabalu Park, with  the Low's Peak at
4,095,2 m,  contains  the highest mountain  between the
Himalayas and  Mount Whelm  in Iriafl Jaya. Lowland areas
with  an  elevation  Less than 600 m  are found mainly  in the
northern  and  eastern  part of the park while  the  summit  areas

are iocated in the southcrn  part of the park. At the southcrn

part where  thc park ocace  is found at about  1,680 m,  elcvation

rises to over  4,ooO m  in only  8.8S km  (climbing trail length).
Iemperature is basically a function ef elevation, The lapse rate
was  reported  as O.55MC/]OO m  (Kitayama, l992). At the

parkis headquarters at about  1,680 m,  the mean  air tempera-

ture is 1 8,40C and  decreases to 9.7`C at 3,780 m,  near  the tree

line in the park,
  Vbgetation of Mount  KLnabalu has heen studied, but no  one

yet could  give an absolute  number  of  the species present in the
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Fig.1 LocationarKinubaluPark.
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area.  Biogeegraphic studieshave  shown  that Lhis mountain  is
the meeting  placc of flora from the Indo-Malaysian (e.g.,
Dipterocarpaceae), East-Asian (e,g,, Fagaccae) and  Australian
(e,g., Dacrycatpus sp. and  beptaspemu{m sp.)  floristic regions.

Six discrete vegetation  zones  namely  upper  low]and rain i'or-
est (< 1,200 m),  lower montane  rain  forcst (l,200-2,35e
m).  uppcr  montane  rain forest (2,35G-2,800 m), lower sub-
alpine  forest (2,800-3,400 m),  uppcr  subalpine  forest
(3,400-3,7oo m)  and  alpine (> 3,700 m)  are delineated based
on  their great vuriaLions  in the deminant  type, the spccies
composition  and  the forcsr sTructure (Kitayama, 1991). Thc
critical elevations shew  that thc vcgetation types am  in fact dis-
tributed along  the elevation  gradient, However, mapping  the

defined vegetation zones  using  aerial photographs proved to bc
diracult. It was  not  able  to draw a line to separate  the lower

and  upper  montane  rain  forests (Kitayama, 1991 ),

Methods

  The environmentaL  functions of  forest are  defined as  bio-
diversity conservation  and, seil  and  water  conservation  func-
tions including landslide, flood and  drought prevention func-
tions in this study. Procedure to derive thc environmental
functions is shown  in Fig. 2, Field data, maps  and  weather

data with  localities are collccted.  Coup]ing wLth  existing

knowledge, the field data is used  to develop Linear regressien

models  for deriving thc biodiverslty conservation  function
with  a  digita1 elevation modeL  (DEM), A  GIS database is con-
structed  by digitizing the maps  and  thc weather  data. A
sconng  matrix  based on  extensive  Hterature review  on  soil und

water  conservation  evaluation  is constructed  for deriving tlte
soil  and  water  conservation  functions with  the GIS  data.

1 Biodiversity conseryation  function

  In Mount Kinabalu area, it is found that species  richness

(Kitayama, 1992) and  the Fisher's alphu  index (Kitayama,
1996) decrease as  altitude  increases. Infiuences of  gcological
substrates  on  the altitudinal  patLern of biodiversity were
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Fig 2 ftocedure ofenvironmental functions evu]uatjun  of  trQpjcal fbr-
est using  GiS and  remote  sensing  techniques.
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reported  (Aiba and  Kitayama, l999). In this study. thc Fish-
cr's  alpha  index calculated from field data using  the bclow for-

mu]a  is used  as  the indicator of  biodiversity conservatien

function (Source: Kitayama 1996; Aiba and  Kitayama, 1999),

S =,- aln(1  +:)

where  S is thc total number  of  species  per stand,  or is the alpha
index and  IV is the total number  of individuals per stand.

  Upon  transformation  with  a natural log on  the index, linear
regression  analysis  between the a]titude and  the biodiversity
is carried out separately on  non-ultrabasic  and  ultrabasic  sub-

strates, A]titude govcrns thc generul decreasing pattern of  bLo-

diversity with  increasing altitudc in both geological sub-

strates  and  this is shown  in the Adjusted R Squares which  are

more  than O.94. The biodiversity decreases at a grcater rate on

thc ultrabasic  i'orest cempared  with  that of  the non-ultrabasic

forest. The coedicients of the linear rcgression models  are  sig-

nificant at 1% and  5%  for the non-ultrabasic  and  ultrabasic

forests, respectivcly  (Figs, 3 and  4).

  Altitude is derived as a DEM  by digitizing contour  maps

(1:SO,OOO) at 200 feet. As this study  attempL  to evaluate  the

biodiversity at a regional  scale,  rastcr  ceLl  size  of 1 oo m  is used

for analysis. Uttrabasic and  non-u]trabasic  substrates  are

digiti Led  based on  a geology rnap  (1 : 1OO,ooO) and  a vcgetution

map  (1:50,OOO). Most of  the ultrabasic features in both maps
are  simiiar  but some  discrepuncies ure  unavoidable  and  this

might  be the results  of  diffcrent specialties  und  different

methods  of mapping  used,  The  vegetatiun  map  <Kitayama,
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]991) was  produced using  monochrQmic  acrial phoLos,raphs
where  cloud  cover  was  a problem. Thus, thc mosL  seeured

approach  is adopted  where  the po]ygons of ultrabasie sub-

stratcs of  both maps  are  merged  and  used  in subsequent

analyses.  Polygons of the two  substrates  ufe  used  to extract

the DEM  into u]trabasic and  non-ultrabasic  DEMs  where

the biodiversity conservation  functions on  non-ultrabasic  and

u]trabasic substrates  arc  dcrived using  the empiricaL  reLation-

ships.2

 Soil and  water  conservation  functions

  In this study, the soil and  water  conservation  t'unctions

refer to landslidc prcvention. fiood preyention and  drought prc-
vention functions, Landslide prevention funclion of  forest can

be considered  in terms of lnndslide hazurd. The more  haz-

ardous  an  area  is, the more  important is to keep the foresL in

place. This is hecause forest is known ta have an  important

role in prcvcnting lands]ides by binding the soi[  "iith  its

roots,  Generally, the drought and  flood prevention functions

of forcst refer to water  retenLion  capability  of  forest, Forest

plays an  important rolc in rccharging  ground water  byincreas-

ing the rate at which  rainwatcr  infi]trates inLo lhe soil.

  Environmcntal factors employed  in the GIS evaluation  of

the soil and water  conservation functions ure hused on  exten-

sive  review  of  related  literatures cspecially･reports  of studies

en  quantification and  evaluation  of forest I'unctions by the

Japanese Forest Agency  (Japanese Forcstry Agency, 1989,

1990, 1991, 1998), Kalo et  aL  {l997) and  Kato (1998). [[hken

data availability into account,  the environmental  factors ef
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slQpe,  rainfalL, soi] depth, geology and  topography  are
emp]oyed.  Scoring approach  is adoptcd  where  an evaluation

matrix  is constructed  for evaluating  the soil and  water  con-

servation  functions (Table 1). Wherever necessary,  modifi-

cations are made  based en  reference  specific to Bomeo where

the study  area  is locatcd (Doug]as, unpublished  report).

  In this study, the rolc  ef  vegetatien  is treated as a pre-req-
uisite for the functiens to bc rea]ized. In another  werd,  even

if a pixel has a high va]ue  for a  particular soil and  water

conservation  function, as contributed by the environmental  set-

tings, it is of  no  such  value  at al] if forest is not  present.
Unti1 the existcnce  of forest cover  on the gTound is known, the
soit  and  water  conservation  ['unctions produced in this study
are onty  

"`potential
 functions" resulted frem the environmen-

tal settings.

  Weighted linear combination  of GIS layer that has been
widely  used  in GIS-based studies such  as in Kato et at. (1997)
is adopted,  Weights that describe the relatjve  impoTtance of
each  factor towards  the functien are  referred to these studies
as they havc been consulted  with  cxperts' opinions.  Real-

ization of the  weights  and  scores  in the evaluation  matrix

for the GIS evaluation  of  the soil and  water  conservation

functions in a  weighted  linear combination  form is as  betew.

   Landslide prevcntion function =(O.3
 × Siope)+(O,2

      × Annual Rainfall)+ (O.2 × Soil Depth)+ (O.IS

Table 1 Scering matrix  for soi] and water  conservation  functlon
evaluation.

LandslidepreventionHjgh=3Medium

 =  2bow=[

TopQgraphy
Geology

Soil depthAnnua]
 rainfa]t

Cenvergcnce etc.

Igneous Ignoous

 (Granite) (Ultrabasic)

Thin Mediurn

>4ooOmm  3001-LOOOmm

Divergence
Sedimentary

 (Volcanicorigin,
 a]luvium)

Thicks
 3ooe mm

Slope: higher js mure  bazardous,

FloodspreventionHigh=3Medium

 
=:

 2LDw=1

Topography
Geology

Seil depth
Annual rajnfnll

Convergence etc.

IgneDus Igneous

 {Granite) (Ultrabasic)

Thick Medium
>4000mm  30DIT4CX}Omm

Divergence
Sedimentary

 (VQIcanicorigin.

 alluvium)

Thing
 3ooO mm

S]ope: higher is better.

DroughtspreventionHigh=3Medium

 -:  2Low=1

Topography
Geology

Soil depthAnnual
 rainfall

Convergence etc.

Igneous lgncous

 (Granite) (Ullrabasic)

11hick Medium
S.3ooOmm  3001-4000mm

Divergence

Sedirnentarv

 (volcaniE origin,

 alluvium)

Thin>4000mm

Siope; higher is worse.

j. For, Res, 5 (3) 2000:

      X  Geolagy)+(O.I5 × Topography)

    Flood prevention function 
=

 (O,2 × S]ope)+ (O,2
      × Annual Rainfall)+(O,25 × Soil Depth)+(O,I5

      × Geology)+(O,2 × Tbpography)

    Drought prcventien function =(O,1
 × Slope)+(O.2S

      × Annual Rainfall)+ (O.3 × Soil Depth)+  (O.15
      X  Geotogy)+(O,2 × 

r[bpography)

  S]ope layer is derived from thc DEM.  Surface geology
layer is constructed  by using  geology maps  (1: tOO,OOO). A
scoring  scheme  is generated to derivc soiL depth map  (Tablc 2),
Soi] depth at the lowlands ranges  from 2 m  to more  than

1O m  but it is much  less at grcater a]titude (Burnham, 1974).
Soil depth is divided into thick, medium  and  thin based en  alti-

tude  by referring  to fieid observations  (Sou[cc: Kitayama,
1992; Burnham, 1974). [Eb generatc the layer ot' annual  rain-

fa11, data frem l3 climate  stations are acquired  and  imported
into a GIS as point ]ayeT (Source: Department of Meteoro]o-

gy of Ma]aysia, Sabah Branch and  Dr. Kitayama, K.). Only
year 1996 data are complete  for all the stutions bccause some
stations were  built onty  very  recentiy  but iL should  not  a

problem to serve  as a general rainfa]1 map  in the study  area

since  it is a  nermal  year. The rainfall data (November
1995-Octobcr 1996), when  plotted aguinst the elevation  data,
do not show  any  distinctive moisture  gradient along  the e]e-
vation.  Average, mintmum  and  maximum  rainl'u]1 of  thc
study  area  are 3,274,42mm, 2,4S1.4mm, and  5,486,8mm,
respectively.  The locations of the stations  arc acquired  ti'om
the Department of Meteorology ol'Ma]  aysia, Sabah Branch as
well as acquired  with  a  portable GPS  for thc statiens located
in Kinabalu Park. Vbronoi poLygons are generated from the
point data and  are  converted  into a raster tayer,

  Topography as categories  ofdivergencc,  convergence  and

slope  can  be derived from a DEM.  Topography can  be

derived using  a DEM  with  the widely  used  D8 algorithm

wherc  a depressionless DEM  is first generated and  a fiow
direction (FD) matrix  is then approximated  by the direction of

steepest  downhill slope  within  a 3 × 3 neighborheod  cells

(Moore et al,, 1991; Burrough and  McDonnetl,  ]998). The
resu]ting  new  set of cells is called  thc set of  local drain diree-
tien Gdd), Each ldd cell  indicates thc FD  or the direction
water  will fiow out  of  the cell  wherc:

   FD=d=fformaxu-:],s}(VVI1Z'i-Zi.i±
'i,,i.i-1)

d, direction; 1-}, distance weight  (I for NSEW  neighbers  and
  /r1Ar2

 for diagonals); z･ , elevation,

  It is encoded  as an integer te correspond  to the orientation
of one  of  the  eight  cclls that surround  the cell (x) as follows:
   64 128 1
   32 x 2
    16 8 4
Flow aL;cumulation  map  is then ca]culated by accumuLating  the

Table 2 Soil depth classes  based en  altitude.

'

A]titude (m) Soil depth (m) Dcpth  class

s  tsoo1501-2800

2801-3699

>1O.51-1[-

 o,s

ThickMediuniThin
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upstream  elements  for each  pixel based on  the drainage direc-
tion from its eight  neighboring  pixels.
  Divergent areas  are  approximatcd  as  ridge  lines that can  be
extracted by selecting pixels without  upstream  elements  (Bur-
rough  and  McDonnetl, 1998), Convcrgent arcas  where  surt'ace

water  accumulatcs  can be represented as streams.  Strearns net-

works  cttn  be defined by using  a thrcshold of the upstream  ete-

ments  in the flew accumuLation  map  ()vloore et at., 1991;
[larboton etal.,  1991). However, there is no  physical basis to
determine thc threshold  ([Ihrboton et at., 199 l). In this study,
a  GIS proccdurc is devised to determine the threshald, The
StrahLcr's first order  streams  are  first digitized from the topo-
graphic maps,  A  1 oo m-buffer  of the sLreams  is generuted and

divided into 1 OO m  grids where  a point is randomly  placed on
each  ghd. The randem  sarnplod  points are then overlaid on the

flow accumulation  map  and  data on  upstream  elements  arc

extracted  tu compute  the mcan  upstream  element.  As  the

thrcshold dcTcrmines start point ot' a stream,  it is conceivable

that mean  upsLream  element  from thc first ordcr  strcams

could  serve  as the threshold, The mean,  with  an  upstrcam  clc-

ment  of  37, is in agreement  wilh  the findings ot' [Ihrboton et  aL

(1991), bctwccn 20 and  50 for 21 DEM  datasets. All the val-
ucs  of  the GIS factors are standardized  Lo sca]e between zero
to one  to eliminate  differences in meusurement  units,

3 Land  cover  cLassification

  The biodiyersity conservatiQn  function and  thc soi] and

water  conscrvation  functions are not passibly exist on  an

area  without  forcst cover, There is a need  to know whether  or

not  forcst cxists on  the ground, Land use  maps  available to

this study  cover on]y a part ot' the Kinabalu Park. For this, a
Landsat-TM satellite image taken on  June 14, 1991 is acquired

to generatc a land cover  map  through supervised  classification

using  the maximum  likelihood algorithm.  For the purpese of
dcLincating forest areas  in the Kinabalu Park, five land cayer
classes arc broadly defined and  they are forest, mangroye.

water, bare land and  others (grasslands, shrub,  agricultural  and

paddy lands). The c]asses are attributable Lo either Anderson
Leve]Ior  II (Anderson etal., 1976), As such, the class def-
inition is compatible  to classes in land usc  maps  (1:25,OOO)
produce in 1991. Post-classification proccssing is carricd
out  with  a  BeoLean decisien rule  with  an clcvation  thrcshold

of  1 19 m  is devetoped by sampling  on  the mangrove  class ot'

tand usc  taycr on  the  DEM,  The  mangrove  tbrests that are

found in areas  with  elcvation  mQre  than 1 19 m  are considered

misclassified  and  are  processed, The land cover  map  gener-
ated  is shown  in Fig. 5.

  [Ib determine the accuracy  ot' the ctassification using  the

GIS approach,  the land use  maps  is digitized inLo a  GIS vec-

tor layer. Although there is a definitional diflerence between
a land use  and  a land cover, Lhe land cover  clasg definition
employed  in this study  is compatiblc  with  thc ]and cover
extracted  from the land use  maps,  Overall classification
accuracy  is g2.15q., which  can  be eonsidered  as very  good.
The main  puTpose that is to obtain  forest areas is also achieved
because producer's accuracy  and  uscr's  accuracy  are  72.43%
und  79.22 %, respectivety  (Tablc 3).
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Results1
 Environmentat functions of tropica] forests

  The land cover  map  produced using  satellite image class;-
fication is used  to generate a Boolean mask  comprises  of

t'orest and  non-forest  areas. It is resampled  into tOO m-pixel
resalution  to facilitate the resolution  of the environmentat

functions rnaps. There are small areas that are not  covered  by

the sate]lite image are however covered  by the iand use  maps.

All the environmental  function maps  are processed wiLh  the

Boolean mask  to mask  out  non-forest  areas.

  As mentioned  in previous section, rhc  vc.oetation map

(Kitayama, 199]) contains  only  the forest typcs. of Iowland
ruin forest, montanc  rain forcst, lowcr subatpinc  and  upper

subalpine  forcsts and  wc  adQpt  it on]y  to ease  eur  summary

and interpretation of the resulted environmental  functions. The
environmental  functions maps  are interpreLed by (}verlaying
forest types on  them  where  a 500 m-grid  1'or the lowland

Table3Accuracyasscssmentmatrixoflandcoverc]assificatioil.

 Coverclass
(Landusemap) Non
          forest

Landsat-TM

Forestrv'tangroveTeta]

 Useraccuracy

 {%)

Nen  forest
FerestMangroveTolalProduccr

 accuracy(%)

le2321
 IS673

 3746l2I74089.4

t1t6242590

  tl5376372.43

 974
 S37279343e442.64

11445758800

 65501798e7

84.05792264.g9

82.15

Table4Environn}.gnF.a-1.funetigns by folest types.

LowlandMontaneLowersuba]pineIJppersubalpinc

BiodiversityconseFvatienfunction

 Minimum  3.037
 Maximum  5.124
 Meun 4.406
 SD  O.300
Lands]idepreventient'unction*

 Minimum  U,OOS
 Maximum  O.600
 Mcan  O.366
 SD  O.llR

FIood prevention function*
 Minimum  O,253
 Maximum  O,865
 Mean  O.608
 SD  O.121
Drought prevention function*
 Mini:num O.349
 Maximurn O,997
 Mean  O,703
 SD  O.139
Conservationindex
pt{inilllumMaximumMeanSDCount377767-.IS66.157967

O.4664.3903.180O.60[

O.IS6oo]ee.454O,103

e.249O.799e.523O.107

O,3071e.6s3O.[23

3172S5.IOI6.406991

O,O147[.969[,44LO.233

e.454O.789O.65LO.068

U.227O.6[7U.42iO.072

U.234O.579U.394O.C}54

30S542,7164.961765

O.5272.2671.571e.369

O.453e.779O.646O.072

O.269O.660O.461O.099

O.2S9O.574e.4]so.os}

3e5744.7S76.226235

*Standardizedvalues.

Ln (Fisher's alpha  index).Values
 of biodiversity conscrvation  function is
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Sabah,

rain forest and  thc montane  rain forest and  a  1OO m-grid  for the
subalpine  forests are generated and  a  point is randomiy  placed
en  cach  grid. Data on  the environmental  functions are extract-

ed  from thc point except  areas that are  not  covered  by the
satellite image, Descriptive statistics are  produced for inter-

pretation (Table 4), Biodiversity distribution in the park is
shown  in thc biodiversity conservation  function map  in Fig, 6,

The lowland rain  forest possesses thc highest mean  value  of
biodiversity and  decTeases whcn  forest type changes  to mon-

tane rain forest. The biodiversity decreases markedly  in the
transition process from the montane  rain  forest to the lower
subalpine  forest. The lower subalpine  and  upper  subalpine

forests have very  c]ose  biodiversity values.  This is in con-
formity with  the conc]usivc  findings ot' Kitayama (1991,
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l992, 1996) and  Aiba and  Kitayama (1999),
  The soil and  water  conservation  functiens are also  inter-

preted in similar way.  In terms oflandslide  prevention, arcas

cevered  with  the lowland and  montane  rain fbrests play littlc

roles compared  with  areas covered  with  the subalpine  forests

(Fig. 7). The subalpine  forcsts, located at higher elevations.

are more  susceptible  to landslidc than  those  thal located at

lower eLevations. It is therefore important to protect the sub-

alpine fbrests in order  te maximize  the soil binding effects of

the root  systems  and  the rain  interception effbct of  the forests.

In terms of  flood and  drought prevention functions, the pattcms
are  similar  to the biodiversity conservation  function whcre

areas with  highcst vatues  ure  covered  with  mainly  the lowland
rain  forest, fotlowed by the montane  rain  and  followed by the

subalpine forests (Figs. 8 and  9). Thc  forest at  these  highly

important areas shou]d  be emphasized  bccause it can  play a

very  important role in ground water  recharge  by cnhancing  the

water  retention  capacity  of the soil, provided no  cxtreme

weatherconditions.

2 Conseryation index of  tropical forests
  A conservation  index (CD, indicating afea  that is important

to conservution  in Lerms of  the environmental  functions, can

be calculated  based on  sLandardized  values,  as follow:

    CI =(BCF  +  LPF  +  FPF  +  DPn14  × 1OO

  Where BCF, LPF, FPE  and  DPF  are biodiversity conser-

vation,  lands]idc prevention, flood prevention und  drought

preventian functions, respectivcly.

  The CI is proposed as a simple  and  flexible averaging

form so that additional functions er criteria can  be incorporatod
at  ease.  Other criteria  such  as  fragility, uniqueness  and  Tarity

can  be incorporated whenever  available.  The Cl that combines

the environmental  functions into an  index provides un  overal]

idea about  areas to be emphasized  in conservation  planning
(Fig. 10). The areas  covered  with  the low]and rain forest are

dominating other  areus  as  indicated in the CI due to its sharcs

frem the biodivcrsity conservation,  flood preyention and

drought prevention functions, In contrast,  the ttreas  covered

with  the subalpine  forests show  much  lower C7 value  Lhan thuL

ef  the lowland rain  forest, Whilc the biodiversity conservation.

flood and  drought preventien functiDns arc dccreasing in cor-
responding  to the changes  of  forest type frQm thc lowland rain
forest Lo the subalpine  forests, only  the lands]ide prevention
functien is increasing.

Discussion
1 Eyaluation of the enyironmental  functions

  As a simple  and  fast approach  for planning purposes, the

GIS eyaluation  approach  ls glabally applicable, The envi-

ronmental  functions evaluation  using  GtS techniqucs can  bc

found in temperate regions but are rare in thc tropics, The GIS
appK)ach  used  in study  in Japan was  suggested  for appjications
in Southeast Asia based on  lts relative similarity in the land
charactcristicg  (Kato et  aL,  1997). The GIS evaluation

appreach  is similar  te the widely  known case  ot' soil eresion

evaluarien  using  the UniversaL Soil Loss Equation (USLE)
with  GIS techniques.  Though, unlike  the USLE, the GIS
eyaluation  approach  produces only  relaLive importance regard-

ing the soil and  water  conservatien  functions.

  Sawadu and  Tsuyuki (1988) evaluated  the landslide prc-
vention, soil erosion, fiood prevention and  water  conservation

functions, pollutants Cnitrogen and  phosphorus) purification



Japanese Forestry Society

NII-Electronic Library Service

JapaneseForestry  Society

130

 functions and  a function related  to comfort  ef habitation

 using  the GIS approach  with  a grid size of 50 m  × 50  m  fbr

 watershed  management  purpese, The GIS approach  for eval-
uarion  of  the environmental  functions has been further devel-
oped  into the approach  that incorporatcs weights  to encounter

the relative importance ot' different factors on  a particu[ar
functien (Kato et at,, 1997; Kato, 1998; Zheng and  Nagume,

 1994), The landslide prevention, soil erosion, water  retenrion

capacity  and  air potlution control functions were  eva]uated  aL

a national  level with  a spatia] resolution of  1 krn × 1 krn for
conservation  of  rural  landscape (Kato et  al, 1997; Kato,

 l998). On the othcr  hand, Zheng and  Nagumo  (1994), at a

scale ef forest cempartment  that comprises  broad-leaf and  nec-

dle-leaf t'orests, cmphasized  only  forest variables  of  man-

agement  intensity, density and  age  in thc GIS evalualion,

  Data availability is a problem facing studies  using  the GIS
evaluation  approach  (Sawada and  Tsuyuki, 1988; Kato et
at., 1997), espccially  in Asiun countries (Kato et aL, 1997). In
this study, factors used  mainly  referred  to the factors in
japansese Forestry Agency (1998) but unavailabte  factors
are unavoidably  excluded.  History of  landslide, floods and
drought are among  Listed factors in Japanese Forestry Agency
(1998) but were  not  availabLe to this study.

  Surface gcology, topography,  slope  and annuul  rainfall are

the common  factors used  to evaluate  the landslide prevention
function in Sawada and  Tsuyuki (1988), Kato et aL  (1eq7) and

this study.  Regarding soil  factors, we  used  soil dcpth whiJe
Kato et  at, (1997) used  soil  texture. Land use and  vegetation

types are twe additienul  factors included in Sawada and

Tsuyuki (1988) and  Kato et  al.  (1997), Slope direction and

elevation  are  other  additional  fuctors used  in Sawada and
Tsuyuki (1988), Flood prevention function suas  evaluated  in
Sawada and  Tsuyuki (198g) and  in this study. The factors
used  in Sawada and  Tsuyuki (1988) and  this study  are 

.een-

erally simllar except  factors related to soil and  land use. As
soil t'actors are  concerned,  we  employed  soil depth compared
with  soil  classes in Sawada and  Tsuyuki (19S8), Land use  is
not  relevant  as the land use of the study  area  isa park. On the
other  hand, only  this study  evaluated  the drought prevention
function.

  In this study, the foresr is considered  as  having an enhance-

ment  effect on  thc soii and  water  conservation  functions.
The functions wi]1  be devastated or  may  no  longer exist if the
forest as an intcgrated part of  the forest ecosystem  is vanished.
It is realized by constructing a land coyer  n)ap  using  sate]lite

image. This is founded on  the we]1-knewn  dlffercnces of dis-
charge  between a  bare ground and  a forest area on  granite rock

(Japanese Forestry Agency, 1990),

  Forest types may  have played a role in the seil  and  water

conservation  functions due to difTerent structures they posses.
However, lhe re]ationships  belween various  forest types  and

the functions have net well  establishcd  yet. Positive and

negative  effects of  various  variables  of  forest exist aE the

same  time and  which  are dominant are not known, For exam-
p]e, large leaf area  pessessed by thc lowland rain  forest may
allow  rnorc  s]ow  water  dischargc into the soil  through  the

1
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process of interception but it also provides more  area  t'er
evaporation.  Thc forest types  as u factor layer if and  onty  if
the relationships between the forcst properties and  the indi-
caters of the soil  and  water  conservation  are we]l  established.

As the evaluation  approach  is weighted  linear combination  of

map  layers, it is flexib]e to include additional  data layer,

  Biodiversity is a  widely  used  criterion in planning activities

retated to foresL but have not been dealt in these studies. It is
especia]Iy important to forest conservation  p]anning where  thc

more  diversify an  area, the higher its conservation  va]ue,

Though, needs  to stress here is that other  bio]ogica] criteria

such  as  rarity  should  alse be considered  in practice. 
r[b

 deter-
mine  the biodiversity value  of  a particu]ar urea  with  field
survey, a  great deal of time and  money  are needed,  Besides.
Iack of  expertise,  an acuLe  problem in the tropics, makes  it a
dithcult task to accomplish.  Points data thal from field survey
is an  inyaluable source  of data for GIS mapping  at a regional

scale,  provided an environmental  gradient exists,
2 Implicatiens to forest conservation  planning
  Thc ultrabasic forcst is a unique  ecosystem  and  should  bc
given high priority in conservation  irrespective ot' the CJ val-
ues. For thc areas of  non-ultrabasic  forests Oowland, montane

and  subalpine  forests), the CI can  serve  as a guide to the
park management  regarding  which  area  is important in terms
of  the cnvironmental  functions. The areas  covered  with  the
subalpines  tbrests, which  are important in terms  ot' ]andsijde
prevention, are relatively protected from iltegal activities  as

their distributions are far from the boundary, Furthermore,
there are no  settlements  within  the park. On the other  hand,
the areas with  highcst a  that are  covered  with  the lowland rain
forest are  geographically distributed at the boundary area  of

the park and  are re]ativety exposed  to iLlegal activities (Fig.
1O). [[his depicts a practical management  problem in terms  of

forest pratection because the park stretches about  54 krn and
about  32 km  in North-South and  East-West directions, respcc-

tively. With a  boundar}r ]ength that comes  up  to ubout  205 km
and

 
with

 the paTk headquarter located in the South, protecting
the park against i1]egal activities  is surcly not an  eusy  task.

  As a  resu]L  of thc UNESCO's  Man  and  Biosphere Pro-
gram, a concept  ef  model  biosphere Tescrve  that emphasizes
incorporation of  ]ocal peop]e's needs  and  perception in the
estab]ishment  and  management  of  reserves  was  born. It was
described as a protected area  that consists  of  a core  and  a

buffer zone  surrounding  thc core  area (Wel] and  Brandon,
1993), The core  area  is usually  the most  important area  that
corresponds  to the main  objective of  initial designation of  thc

protected area. Thc butller zone  plays an  importanL rolc by
separating  the corc  area  from intcns{ve human  use arcas,

There is no  general way  to define the core  areu  except  to
fo1]ow the main  intcrest of the protected area  designation, If
protecting the forest with  highest values  of environmental

functions is thc ebjective  of the management  of Kinaba]u
Park, the areas  covcred  with  the ]owland rain  fbrest can  be
thought as the core  area. If the biosphere reserve  modet  is to
be adopted,  a butTer zone  in thc surrounding  arcas  of the

park is inevitable. In practice, however, it is not an  easy

NII-Electronic  
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task as land is a prime resource. BudeT zone  establishment  is

rarely  successt'ul due to lack of  legat uuLhority  of  the park or

protected area  agencies  over  thc zone.  to failure of incorpo-

rating  local knowledge and  recognizing  locat people needs

(Sanjay and  Wbbcr, 1994). A 1,5 km  bufiler surrounding  the

park boundary easily  includes five sett]ements  and  another

1.5 km butTer from the first one  adds  five more  settlements inte
it (Fig, 1O), If a buffer zone  is to be established to enhance  Lhe

forest conservation  of  the park, carefu1 pLanning is vital to min-

imize conflicts between local people and  the park manage-
ment,

Conclusion

  Beside the overwhelming  biological criterion,  seiL and

water  conservation  functions arc aLso useful to guide the
managementin  conseTvation  planning. The biediyersity con-

servation  function represents  biolQgicat resources  conserved
for future gencrations while  the soil and  water  conservation

functiuns contributc  towards safety and  comfort  of society.

They are  quantitative criteria that can  be derived with GIS-
based eyaluation  techniques, This study  demonstrales Lhe

use of GIS and  remote  sensing  techniques  for evaluation of the

envlronmenta]  functions in KinabaLu Park, The biodiversilv
conservation  funcLion mllp is eva]uated  by integrating Gls dat"a
and  statistical modets  based on  field data. The  soil  and  water

conservation  functions are  evaluated  with  weighted  ]inear

combination  of GIS data based on  existing  knowledge,

Remote sensing  techniqucs  contribute  to mapping  of forest
areas in the park. The Cl is potentially useful to forest con-
servation p]anning provided that appropriate  criteria  are cQn-

sidered.
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