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requii?. industrialjzed colntrics ro havc reducc thejr cmissions b-r 5-8% beloN 1990
le\dr b)'rhc pcriod 2008-2012 [1, 2, 3]. The UNFCCC docs not yet rcquirc
co,nmitrncnrs from dc(eloping countries, b'rt recent decrcasc ia the rates of
Jcforestation in Asian Counttics lal mal havc aLeady cootiboted to rcduce
cr'rrsjons rhcrc [s].

Soil holds an i'rportant role in tlre global C cfclc, as ir is rhe largcst tcrrestrial C
pool. Soil can bc a source (CO2, CHr and NaO) or sink (COz and CHf of green
house gascs, depending on land use and nanagemcnt 16, 7l Vbrtd soils conrain
about 3.2 trillion to.s ofcarbofi. An csrimated 2-5 ttillion rons is in thc folm of soit
1r4t c c^tbon. Tiis is the organic mattet in rhe soil that makcs it fcdlc. 'I'hc

remaining 0.7 tilJioo tofls is soil ,rrlJarr; carbon. In fact tle soil carbon pool is two
or thr€e tirnes thc entile arnospheric pool as CO, l8l aod 2.5 io 3 times as much as
that stored in plants [9, 10]. T]rus, wen a re]ativcly small incrcasc in soil caAon
taken frorn the a; could plovidc a sign;tcant reduction in atnrosphelic carbon.
Moteover, siflce plnnts fced on ca6on dioxide b the air, thc prim y v?y ro store
ca6on io soil is to grow plants. lrnpro!.ed susrairabie €ric'Jhurc is d1e key to soit
storage of carbon.

Soil organic cootent in soils ard C Oux flom thc soil sigificantly influ$ced by
soil t'1pe, land usc, ard soil mrnagement practices [11, 12]. For a given soil, the
grcatest amount of organic mxttcr gcn€relly accumulates in thc topsoil urder long,
tctm undisnrbcd vcgetation. It is *'ell established rhat many forns of soil
$anrg€oert can lead to changcs io olgaoic C conceotrations, and the C contents of
cropped and tilled soils a1c usMlly (but not always) lower than thc equiqlent sorls
under long+cm $asslands or forest. The declinc rmder rnore int€nsive fonns of
agdculture occur bccause rherc is iocreased loss of topsoil through erosion,
dccreased organic C retutr from plaat lesidDes, and enhanccd breakdown of
pr€viously stabilized soil oqanic matter [3]. Lrnd use and cover chaoges affcct the
amount of C stored teffcstlial ecosysteh. At the samc timc, changes in vcgetation
induce changcs in the soil orgaflic sor$cc- Rccent a$al)'scs of land,use change havc
sho.*,cd global tciresrrial ecosl.stems to havc becn a net 6owce of C (1 .6?0.7 PgC yr
) duting rhe 1980s [14]. In a cornprchensive rcvicw o{ the effccs of land-use
cbanges on soil C stocks teported tl,at the convetsion of pastuie to cropland
rcduces soil C stocks on av$ag€ bt 59% 1151. Thercfote, the studying the effcct of
overall lald use chang€s on distriburcd ofSOC pools ard C nux from the sois aie
llnpottart tequtements for understandi:og the rolc of soils in the global C cycle.

Tbe great attention of lndonesiar dccrsio, makers, as well as rescarch effolts o')
rtic srudt of the soil carbon c\.clc is not enough )rt. Therc are no data avajlablc
about tbe estimation ofSOC, neitlct at national scalc or at legioral scal€. The SOC
storage ir Indonesia soils had bcen jn maoy small locarions. Thc study aiea, Bogor
distticg is the district in lfldorcsia which is closcr to rhe mctropoliran city ofjaka$a
and industrial city of Bekasi, Sincc the last ts'o d.radc rhe foresr ard rhe fertile
agncultural a.reas (padd1- 6eJd) bavc bcen atftacd\.c ,reas for nev urbafl
devclopmcnt. This acceterated ratcs of land usc and colef, changc and urban
devclopmeat becausc of increased cultivatior: of land for crops ard goverIlrn€nta.l
changcs ia laod use policy.
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muldrempoft)' xemotc sensirg datx, changcs of soil orga')ic mattet (SOII) xnd bulk

<lensity rtsD) esrimated ftom soil inventory and rcseatch rcPorts and soil sampltng

conductcd on 2004, ve calculatcd bol\ ofSOC stoiage fot 1980/1990 znd 200'l'

The SOC stonge ofthc stlrdy atca is cdcrnared by [18, 19]:

s O L  \  s 5 o \ l  \ D  \ 8 ,  '  1 0 , 0 0 n s 0 c 8  l \

where i is the LU q?e, SOC' the rotal soil otgaoic cffbon ofLU q?e i (q' r\i is the

area ofLU qpe i fta), SON{, is the arctage soit organic matter ofLU tvre i ("/")' Dr

is the soil depth (1n) of LU tlpe i, and B, is the arctage soll bulk dersitl Q{g/m3) in

LU qpe i.

Thc SONI in 1980 1990 \\'?s dctn'ed ftom soil trveatory repott nnd

undetgtaduate tbesis tePot, s'hi1e tle SONI in 2004 nas analvzed ftom 1'18 soil

sarnplis. Thc soil samples are rcpresentative fot bate land soil of uppct laver (0 20

c4;bde lmd soil oflowet layct (20 a0 cm), r'egctative soil of uppet laver (0 20 cm)

afld vegctatire soil of lover la}cr (20 a0 cln)

2.3 REMOTE SENSING DATA PROCESSING

Thc Landsat 5 TNf and Landsat 7 ETN{+, recodcd on June 1989 and Julv 2002

respectivcl', wete used to clxssi8 land use and covct ir the Bogor Disttict Thc

La;d""t 7 ETI,I+ im€e rvas deliveted ir a geo tegistered' UTN{ Piojecbon with 8

bit radiomctric tesolution to a wGS84 UTNI36. Subsequcnt\' &c Lafldsat 5 TNI

image sas rcgisrend according to the geometrl' of the Landsat 7 ETN{+ image The

."n".q"."t ri"u'"pli'g ruas based on a ncarest ncghbor zlgorithm' rvhich takes the

"ut"" "r 
tl" pirei i" the irput image closest to the computed coordioate 'lh1s

merhod is fasiand does not alter rhe otkinal pi\cl1'alues A tust otder atnosPhedc

corectroo rvas appJied in otdci to account fot Path t2diance. Tbis correction v'as

based on the datk pxel subttaction method.

Object oriented classification vas pcdormed to estabJish homogcneous reas

rvithin the images that arc represerted a land covet q?e or obicct class ln stud]'?Jo,

rc.p'crreL. I -o- r ln ourpose inage 'egnrn'ar ion r '  r"red 
"ur fr io o imag'

dassiicarion. The segmcntation rvill subdirnde atr image 1nto segments lhat

cottcspond to objects tascd on spcctral a:rd or spatial information raken ftom thc

imagcs. The tesl t of the scgnentation procedule is a mos,ric of image objccts pet

imal" nyct tl.t d"li"er r\. input data set for fr:tther classitcation issues The

classifi..ion of th. segmentcd image la)'crs is based on a fuzzv logc xpPro2ch that

allov,s compler objeci featurc descdptions and uses monbership functions (rule

sets) to.o.duct tulcs for $c detetmhation of the membcrship dcgree, ie the

likeiihood of a cetair object to belong to afl objcct class bascd on spcctial and/or

sparial attributes. Both Landsat data vetc segmcnted with a medium sczle factor

(sc,le=20). Conrequend)., thc segmeltcd images rvete classified hto 5 categotics'

3 RESULT AND DISCUSSION
Tnrc Lardsat lmagcs were used to aral1'ze fte land use md cowct changes in the

studv aJca of Bosor District. To dctecl thc cbanges ber' eor tvo (mages'

chssl{ic^ti"" of ea.h image was performcd. Using the object-otiented classiEcation

the imaqes vere classifietinto 5 iafld use cxtegorics: forest, plaatation, crops, paddl'
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expaDsion, 2nd population increases of meftopoLitan cit) of Jak,rrt,r and Bclilsi
dis|ncL

Tablc 1. ,{tea of ]a.d use ,nd covet i\pe of Bogor distlict in 1989 md 2002

T " n d  \ r c .  o t t r 8 o  L r n d A ' e .  o . ? 0 0 2  ,  h , a l t c o ,  \ - c i
Land usc / Lover

0 o  H : % h l l a k

Crops

?addy Field

BaJe lad/setdemest

81,045 25.6
28,1.34. 9.0
10,q4 22.3
81,075 25.6
55,403 17.5

56,070 17 .1 24,915 -1.9

31,915 12.0 9,481 3.0
103,921 32.8 33,15',7 10.6
26,669 8.,1 51,406 -17.2

91.851 29.0 36,448 11.5

Changes in land use and covet lead to changes ofbiomass and its cotespooding
caibon stocks.;\t the salne time, lard use a:rd cover chaflges also affect the qudhq.
and dlstribution of \rcgctation iittct and soll o€aaic inputdng, rvhich can hduce
changes 11l the sorl organic mattcr md storagc. Overall, as ttre wegetation cover was
decreased, &e soii orgffnc mattd also dedcased (Iabie 2). Noticeablv, the percdt
SOM u,as diffctcnt in soil depth 0 20 cm ald in soil depth 20 40 cm, where dre
pcrccnt SON{ fomd in 0 20 cm was higher than found ifl 20,40 cm. B^scd oD a
rcscrch of soil chztactetistics [16, 17, 20] reported thar approxhately ,15% of
c*bon rvas fomd ir the top 25 cm. Therefore, the top 20 cm of the soil sfff2ce
cofltains laJge paJr of t}}e crbon of the horizon-

The SOC dcnsiq mcasffcd on the basis of the SONI and soil bulk density
differences among the land usc,/covcr qpc. It decreascd to the depth of 0-20 cm b)'
15.6rk tuom 559 t/ha to,l72 t/ha in the forest md by 11.3% ftom 483 t/ha ro .{28

t/ha in the ctops, whereas SOC densiq ir evegteen plantation and brc land did
not change much. The same decteasing rms atiscn h SOC densitt to depdl of 20-
40 cm, he(e rhe decreashg in fotest arca is much more tlan fouqd in 0 20 cm
depth. Whefl dah from thc avcl€c iatcs of frwc thc land use transitions, and
associated changes in SOC dcnsitl rvctc poolcd for thc total study area of 316,,132
ha, the total SOC in the depth of 0 20 cm of 124 Mt in 1989 t'ere esrimated to
decrease by 13.6.1% to 108 Mt in 2002, whereas d1e total SOC ln the deprh of20-40
cm of 111 Mt in 1989 vcic estimated to decrease bv 15.9% to 93 N{t in 2002. On
avetagc, land use md cor.ct changes of Bogor distr;ct deceased the to|al SOC by
14.'7ak {rcm 235 Mr in 1989 to 201 N{t in 2002. It indicates that in thc studr dea
oc.red i  .nr l l  ,o i i  carLon emi "  on dur ing 2 decade.  i \  unpr l  or  la 'd  u.c znd
cover change. To make land use change may inctease oi stabihzc thc teriesnirl
caibon reseres, issues of rcasonable land management and cco cnvironmert
ptotcction should be addressed by local political and economic instrtutions in laod
use pl"ffIing.

Table 2. Soil olganic c,rbol among diffctence laod usc ard corc npc

Dcpt
soN{ (7o)

Total SOC
storasc (Mt

BD SOC stolage
(l're/- G/h,)
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