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SHORT COMMUNICATIONS 

Intensive Forest Clearinig in Rondonia, .i
 
Brazil, as Detected bv Satellite Remote Sensing. 6 . . .;_
 

COMP'()N J. TI'CK;R, -IM.N T N. I I()LIU:LN. and T.'LON) AS (;1.'1 

PhIt l.VIt / pi nic, - \(11,1 x:Ih\h Ifa ti1I;oddad spu,." -'III( ',II .12( Nl d S1 . t l , .'lw:t. imb:?2 

in th 1t i ,iht's \kii t 
wl ie i 1l 11 II1 (Tarii M iv Il.,ol\c 

havi. topica N ili l()t'tw ti 0i m for itotal Iiah lwa",sihil 
dimll5r ii l h-i i li)tf Idts s lh'II • t glihllgilll tmi 1 7)Ic1 7 

oIfi i es o .thip lu cv 'tirl19 0,l i ls,iothltd iIfo irel aiio ig te ii io 4it i r 
t lmilla.t ill p~l)w , il1il1
 

t'lstgiates 
(tit rat i lilh asiv.9r8'h i ali c r'o ateoft 

In tront priarproduction, cplitilillio t(llltla , of the 
area 

isthe illast killo the Aliaoli Basin 
divrsec ilf tUeiiCrti'f s o a et 197,a: 197,9; 
Tne trpinical foeteble w2e000 rfo totlal 

urcfiaei thloeen etTe(Tltl al, 

mnliiits i allidif thed prod Inar) t 2d,00 ks f thil ()(st
mons ii aii 

tilivl- ef lill te f severalimlo pcist( korliii ter . ll throut h 197) 
taiis the iomac'i tbioic tallelrlt',l' il. (,', l f): snli,s) l rate on 9ie I lc 
tMidatellicil i oicat forest e tilpor o1Cn of t wcll-ki dearin_ ille al .l.\is-:ouwsill 

C eof Ele IIrt',h c ewi uuth liat)0its1)lc v i tie tl int icasls i,is s t e to be as 
'lie il- tical lrd . p1ssiblTihtX istolih.t iICultiid li-al of k plli i s hifghi se 

lion o)fthe .severlid iiillim>i spucies thaut livc kiii ,./y.,ar/. hevers<, 1980,) M utihoo, 19-17). 

-
illothis ieic un.r's If) l ifr The nsc ofcolli systemath data oi tile 

tulatreaf,Clariliiu liotropical forests silioct sa,sihali d iscussion what 
th inathegsgextiertili s iii at st'eui- ii lee t.t, te lto beoit llij rC(l'o i­

tibaly fiocu d tei al - st 'i,elne ll liEartht- Ti~i.t ii t ioltical, climatic, 
rccelit hlistory. Tlheu .. Balsill of alild polllitcal rai ca~ .lilitz(;ii fit' ionsi ()l1e. possile 

soulthi Amert lica il of[ lllc.a!ll t iing thesel saillilollialkes t) ',lboult 66("1') ;()[C c'(l dlata is, 

oftlhe'i lliailliiil. troi ,lfl)lysS., rli
thet ilCai~ cai it'iii()te illy.
 

\Vilhiii tile t'l'calcr .\iltzm)l lihl atheli- Heltretoforte, ite lilaio ity of["altllite' re'­

lioul hats focusedt'( Ilp) ll tilt,liAz illi t)0Jl'- Il(0ttC-St'll~ill." Stll'liCS oft' ilet' lTrr t rial 

tioi hecanse it is the lar est political tllit. siuuface have lise(l the Laiidsat satellites. 
Tropical forests illthe Braziliaii Alliazoll Til I'Il.aiid t nuiltispectral scallll (NISS) 
Basi covert5,000,) 0 klii', of \which aihout with its rflective 18-dayfotli'e channels. 
half is tropical iiloist forests and half, repeat cycle. ,O-ii Spatial rcsohllitioli. aid 
tropical scasomiial forests [lanside, 1982). 1,85-kmin image swath has been1 use(I to 
The extent aillI rate (if forest cleairiilig ill monitor Itropical forest's (\'illialis and 

the A!ll.iaio Basil i are the sulbjects of .IMiller, 1979). HoIiwever, certaiii features 
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of the Laidlsat N\ISS are inot well siuited 
for accurate assessment of frcst clearing. 
There is difficulty, 
tillgtlishiilig rgrvwiti 
iili.ditiil)ed tropical 
c'ilt'' r'esuilts froiii 

for example, ill dis-
clearedlareas fronl 
forests. 'hllis liffi-

the Sp'ctrial colifig-
uifltiolt of the 1aiidsat N1iSS aitld tin( 
senisit ivitv o'f thtis "(se isi] steitu to ')greci 
leaf Iionllass and 
iuiass ('icker ut 
gro'witg Cleated 
hiotiass of .!0() 
hiotitass of l00t) 

otl total tai diig I in-
al., 
area 

Il' i 
, 1I 

981 ). lhts, a r-

with a (Iv Ieaf 


id a total drit 

catill hte 1)-ctiallv 


identtical in the Lai'dkat NIS'S hatilds tot 

(OMT"ON 1. TI ' ICII:'T .1. 

spctrally siplilar to Lat dsalt N SS al8l­
itels 5 an d 7, respectively, aid h(th il­
strulieits are thus alle to illoilitor. the 
gr'en leaf hiolliass of plallt caltopies 
('l'ticker et al.. I!),S1) l") r veietate 
targ-ts. chlitiel I i's Scusitive t ill sil 
clthtn i)Itll while (htalilel 2 i~sselisitive to 
the (-'recitleaIcilhitttitli ( Iticket. I978). 
(Itaitliel ') is selisitive to at cmii ibtatoiil 4 
reflecte'd iid etiitted radiatitti while 
chamiiels -t aind 5 are st'lsitixve to ()oIl\,

' emitt'ted or thlieitalliliati(;:i frotli the 
talet (Nat')smia Dozier . ,9 \\cill,) 
al I[ill,I! )). Th' )itstilioliit charl­

vii'giii tropical forest witlhi a (rv leaf hiu- acteristic of (ltta froiln the NOAA satel­
mass of -100 g,/ In alit total dry ImnIiss 
of-t()()0(), . This criticisili has hcen1 /n 
'aised by l'erIti.-ide (19S2) il refere (ceto 
La tdsat NIIS assessI ieits (of Amazoni 
:'learijig by INl lC, the llrazilian Nationial 
listitltte for Space liescarch ('l'ardiii et 

liftes is higll freqytell"c (of (iiservatiout: 
niearlv w(rldwide .\VIIIII imilelr' is 
axailal)le diaily. Il )tauctice, however. mtlve 
seful danta for t "'ivet talet can lie 

()ttaited 2 3; days out of eerv 9 hecatise 
of thit( difficultics ill usin4 data with ex­

al., 197T8: 1979: 1980). We niow report ()t treiv , l)()k atidles. 
i study, 'overing )art of the sot ithierit 
Atitazot Basin, that hits used dlta froti 
Uhe acdvaiced xe rv high ie'tthtioill ildi-
otiteter (.AVI 1111) (t the Natiotal ()c-
eauic aid Attoospltri, Adt iistratioti's 
sevei_'th satellite ill the 'I'1I3(S-N series tof 
iear-polar-orhitit , sutilsyltChrttit)ti s elI-
viroiimtettal satellites N()"AA-7). 

Anproach 

"):\A-7 has a i ttan )rital pcriod Of 
9.2 days, overpass times of 02:30,'/14:30 I 
Itoteal solat time, )102-1(aiitizittg levels, t 
-- 560) field tof view, at) ili age swathIti Of 

aboutt 2700 kin, atnd spatial resoli'tiot at 
ntalir of 1.1 ki. The AVIIII- has five 
spec'tral chamiitls: 0.55 ).68 pm (.ii'lmtI 
1): 0.7:3 1.1 I/tt (chattitel 2): 3.5:3.9.tin 
(channel :3): 10.5 11.5 pttu (chait itel -1):
cU~el 11.5- 12.5 itt )(chatiel 5) ( kidxell, 
1979). The first tx'o AV 11111 chatltinels are 

We i)lbtailled N()\\-7 AVIII II data at 
.9-day intervals front lav to Septeither 
I982 (wxet the gItIeratl llea ()f bIg. 
50N\V 6'5"NV hetxweeii lat. 15"S aid 5°N, 
with particular c'itl)hasis ott the state of 
BIuttidonia. Brazil. loiodoi a hts beei i-c'­
l)p (t tt Ihe exper.'iec.'inlg the itJOSt rapid 
rate tf ftrest clearitig ill the .\iutaz()i Basiii 
(Tilch' I) ()e itiage froit 9 .Jily 19,-2
that was largl Ihcld-free (xer litidoitia 

'-\'its trt(css('d (o the N.SA (;t(ddrtil
Scisor l ,xahliatio i lrilich's Ilewhtt-
Packard 1000 iimt ,e processillg coitupuilcr 
sxstetii. Dala filtt all five .\VIII'31 chan­
ltels were itapped to a NIMercatoru projec­
till.
 

lesults and Discussion 

Itnspection of the chatitel :3 intage in­
dicated t series of linlear featutes (if highet 
spectral retun radiatilg froin highway 



INTENSIVE FOREST CLEARING .7-

TABLE 1 Charing in tile Amazon Basin 

* OBSERVED CLUMLUIVE 

STATE Oil TOTAL CLEARED AE.%S (kin2) RATE 01 INCREASE, 
TzmuToR'" (kin) 1975 1978 1975-1978(%) 

Amapa 139,068 153 171 12 
Para 1,227,530 8,65-1 22A445 159 
Roraima 
Marauhao 
C;oi;L 

2,13,004 
257,451 
285,793 

55 
2,05 
3,307 

144. 
7,334 

10,289 

[62 
152 
211 

Acre 
Rondonia 

152,589 
230.1(04 

1,166 
1,217 

2,.465 
4,185 

111 
2-14 

Mato Grosso 881,001 10,12-1 28,255 179 
Amazonas 1,558,987 780 1,786 129 
TOWa 4,973,527 28,361 77,1)74 

Sourcq Tardin el al. (1978; 1979: 1980) (Is cited by 'ca:rnside(1952),'States not totally lwithin the Legal Amazon included are: Coias north of lit. 13'S and 

'IL 

wes o lng.44,~ 

FIGURE 1. Channel 3 rinage obtained at 1430 local solar time on 9 July 1982. Arcas of forcst ,Itl'.-I,, . ,t, ,
clearly cvdent radiating from highway BR-36-1 and were found to he roads, some more thali ',0 kill Iot.. Ihll
 
:centers of the localized areas of forest disturbance are towns, which appear lighter than illiutn ,.uls.
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TABLE 2 Mean noDigital Counts (Possible Rimgile: 0-1.023) for Virgiin Forest and )isturbed Areas from 9 Jtiy . 
1982 Image fromi Rondonia." 

* 	 WAVELENGT1 V'IRGIN DImSrTURBED AREAS
 
SPECTMIAL " l-rEv.\, FOIIFST 
 Otuno I111Fro JI-PuiuWA (:o.onL~tvo
.CIi.NEL ()till) (188 pixe!s) (457 pixels) (135 pIixels) (257 pixls) 

. 1 0.55-0.68 28(0.88) 39(2.7(3) 416.(am) 37(3,22)
2 0.73-1.1 91(1.59) 97(3.51) 06 (3.87) MID1.])

3.5-3.9 82) (2.39) 8.0 (12.2 ) 886 (22.58) S (23.87)
4 
 10.5-11.5 811(t.31) 8220(.07) 8-1 (11,33) 8260 O.A)7)

11.5-J Z.5 805(1.82) 81i) (1.78) 8:1 '10 812 (9,09) 

Tie it ins., pixel samiiple number, and vatiuainces (in parcth, tsi.) also given. Note tit, t'olt rast inarc gretciM 
Chamud 3. 

X ITIi-vir
.-. .. C.>-

OJL6 110, 	 -, .OA- ,,:R."M;,Ky.,.7)W, 

1'I'.URIE 2. Display~ of iiornialize~i difference cailciilated as1(0.73~- 1.t pin) (0.55-0.68 p in)]/[(0.73- 1.1 itIII)(0.55-0.68 jin)] from the 9 July 1982. uiti obtained at 1-130 h local solar tfine over l(oidnia. The i.oriilizt LI
dliffereice isdirectl,-correlated tothe green leaf dUi tyor green leaf ) 	 is ighiomass. The white color represe
greenleitfboiiiiss i miarea'd thL dark areas no green IcafIoiss ( e ) th wate', t red areas. Thkima i 
ha s heen stretched to maiximiize the contraist for tihe norm alized differenteV I)CtN\'emi thle d-fOIe.SetlI aMd adjacentl
forested areas (See alo Fig. 1). 

.33'j 

http:0.55-0.68
http:0.55-0.68
http:805(1.82
http:811(t.31
http:0.55-0.68


IMldldm ilt towlis 'iie - n lu 
(4 .\ri ttztlllv inll tl tllldPIllin ]ea[ c' [((., I.1I 

11l1-:364- illD Ietelt lm the if Ifallctsitlre' fo)r en'tl 
ll) >rt ti r dh llnity wi'[s tllad t s 

li iiito the"so Iitl. Aditiialiiiweai ' ,i,ts 11ill)--(0.,5 .(is illt ], 1M.7 :3 1 .1 .illo
 

d liIier 5 itil rttirli \Nei iipt!)lml (0.5 Sltllid awl lisplavtI (IFig. 2).
iit G.' 


Viiiilil e ' ]hl iiiu t'r i .l1. 
 riti iittilii l 

t iiltrtrtlai d lii Ic,, iiit , in1) li t tAl iiill. vtcfettr dist,i il,\k,,its, \ ,r
 

\kllhi gw i tiidc'r­

t'ietls"i (iJtheir t ast\ ldiwe.Iih t)) \i'i ailltI
'"r'l tt'it i i 1ia1 \ M i(ls t ;it a
iw1,,\it h diw atvI 1I)) . ! ittI t'm e's,lciltt Ili~ t i'. ]>lill lll 'c m. v,l ic'lt0 11ltillt';tr t­

mlllltre ifft:'tlec . le irili t -r",t,frilil e.i( i 0 IIe)iiIsIIit ist't , tllle ,1lt 
a niIfli it ( iflfi <l (Iit IillI ., \ ' h<rc" tiiliI ', , I Iil (l Ihils It )rc, . (m t l't t+ ,l-c't , \",iIIIi I III t um 

Iflliw'-xt'il.t ilc i ' tatitt Ireiiti the of ii it t, t forklltia500- h20110-tiiut i-0forestlhitilillti,,eftIr'tstitiigtlt-lh iioIsmII t, arltdeliistoohl(il,litittilitotl :,I.i Imiloiialoi't!k Aesitiililllltorlmi ol I00-lliNth~.L i ijii l. ui aptiiit.i i 
20 ( ml iltsI*(Irch'lilltd +, 1:3 tc)llIts ffi" - H I Y IIIl\\i(Ic ;). , ,I'(litI ,tlt­() I i'..('. 

+
c I t. othledWhiel , lle 
t'] tii lthl "l'li(, i cal' )II ffr F ki'I i , it - l:tii' cuk''lii'lld tli­

(.i iti ,!Is ti ii i teoui- a ieary fariter eia,tilliicle tladliti)
2). phyl l ril',,ll ill 

tile I I i it If ItI III tlw ItI t ohic'l t IiIii tI]i ,I l~I ,it I iliil I') t>I / i' i II njI,'( t il xxI Iu t t 

forel't*stdi*ti.luit*'k lit \%tll I '"rc l (() . - -') -111), i t',4,)(1. itiiid -lt l(5 - 000-
I h(Jw (v ctr. t ,(i ti i is Itx Ih i > t< itIm itr 'i ltit II ' " i" al t 1(it (' f" hl, mt~ (I h) fIrI1c 

th - tiill lilN1ii " nli',t t<()" I itIt I [)itt li' I Ih(itl ') A )()it 15(X III I)f n u'', " 1i(Itc l't, '( v. a~ ! id 
-a It ccIf ttI 'l' i I l .i t ' . c lll t h t I ' il "I th'cct t I ic'' fin'tv f'i l t ( i r;It I )lI :. lic at't.
 

li',t1i1 't [t'it V tC iil t iitO ' I. tI l lt]\ I (I<
NUItt lt \ t'i )I)MIti lt li flI , W '" D'U(t it- l it] y v es, 

Mli l tltI., mi t Ilmt ill IItIllis whe I tilt'it\\il\ it's l h_ s ld' t otI t,f illl Iilr u h 

I... . . 
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maintain or increase agricliltural prolic- titts, ou (lat ,I July illdiatedof9 198.:2 
tionl anil to reach soil liot vet dC)Ilt.d of thtt ats a iuost etilservati'e estinlate atl)(iit 
nutrieits (World Baik, 1981 ).Currentl', 920() kil-' was cleared iiithe areas ijac­
the cohlliization )roject widewtuoprisdscit to B111-:3it. \\e olwhith. tlhat prviolis 
areas of at.riclltluir anld pastulre aljac it 
to the access roads, with rClatively ariow 
(riHps of pritarv- f(west Iwtwcclit. TlI is 

pattern accout ts for the li'!ht and dark 
paralle lills aitipareit illthe (grids if 

lu.1. 
citi1pt Ipiro'cti 

lot is usuallv lititt'd to 1 .1 years tecatise 
of plant (liseascs, (lei'rtc,,ili siil feitility. 
tit l the pr)liltielv high (cist if .heilli-

cal fertilizeru \\atthteke, 197,8). llis laind 
ohstilescelitee h co(iiiiteisatedl for livde 
iitg iiiire of t!it pirilitary folr st. The ate I 
if f(irest I I iii a-s t'\ 

colito' jlli ll(w itgietll 

(.1cill- is asi i ii ' 

Sttleis aririve andi liiw citdli/itil'II prtt 
jcts are( Itegitt tt t lt tlttit.IIitoit 
Tie pavitig of igliwa\v IMlb36i-t. u it'rl 
f lil rld all dle f rdilug by tie \\'t Balnk 
cot ipletionl Soiiunt itie ill 198 1, is .pce 
to facilitate imiliirati a id (I.h1tar tlie 
nitkets for theiatrieiltir;tl anid ftrest 
pruthicts,: therelby ili s>iti the pie,,ore 
for forest che:in, 

FLstiiiiates of fttres! cleailti inllilt'iuiia 
are few. l sleet'iit t of the 19 72 1W7i 
ltat ilia'"'.ery for Iiildoliai t t a stal, of 
1:25)0,00( showed oiil, iti,,r tid 
scattered forest distut-uhiutte allng B11-;3.1 

(IL\).\.t13BI II.. 1S7: 'ick(Tr ct al., 


19 :3). M ore rtccelit (II Niov(eii I9S I) 

radar iuliageiy frmtt the :l)a( sh ttie (G1-

lilii iiiaiiig radau. iio icatd illan ara iif 
firest-th"riii in di adnacljtoit lilt Bit 

estiliiates of the ciioilatie fotest ceatriin 
iH lidolia have hettil 'Olcrvativ< il 
thalt forest cearitig, is ieledrat ill,- idlug 
BB-;.t ,tod will pit itl ly ici't'a', fhituher 

witi lhe paviuig o4 tl u,, llghwav, 
Tis atoit ill BIOiidoliia preseilts ali itleal 

I ) 'liri for okt-,tl illi thtill tei 

tichili(t for tinoiitirit- tiOpical ft rest
 
deil'uic'. We helieive that t (illiiiiatii
 
Of (iitrse-rell-soitioil Oiff-tiiltdii \ie\vill"
 
;ltellites ftmr laire auea cr\'. fiiier -,pa­
tiill rcsudli til 5(1150 s\ stetuis for. oittir
 

ctiiilt'h stldies. tild rildtu sv'stcils wouilt
 
Iffr I tthi l ilt link the
i( ilti!evel to 
"nitii1iIl t ru' i ihdtalicces'S:tr\ fori aiuu­

rately it55(55iiit I itpicill finest clearitig. It 
is tIx ltv (ttllect'tiol itf these data th;t tle 
rate tif t 'ipie"l dheforestat it n cali Ihe accii­
raltdlv (ilrtlil. 

\V tlhank (;. '\1toduwlIl. 1. St'w, 
I). \Villiaii.s, and J. ( )Wrial ./.r1s'ut".s'­
lio.; tilliP 1111ISt('ipl. 

Hefereuuces 

Ictariide, 1). M. ( 19821. I)efouestatiin iiilhe 
BIaziliait .A\iiiui: Ilm fast isit o.iuirrilur? 
ltercicici l'82: SS. 

Kilwell, K. A. (1979), .N().I l'ihl " ( )i itir 
I)(to I Nl X( . k). si.( .- 'kr. 

Gui~dc, NOAA\ Nat itul (Climiate ( Xjlter, 
\\hii .1to, I)(

6 2 1''
;llatrte( at ithli t I 1,",. . litl.\Iatton, MI., ;tim l)ozicr..1 N-SI ). Indllntifi­
1:2 , ()'S ('l'icktr e't l.:)).I'stiolawsu'al]., c'atim 4 qllres(,1ht ion hlith tW'lwr',ture, 

of prilliua, firest e'lelailig for BIildoiia ill solucts tisitgia thermial l1Bse sor. Il,,14o­
197,5 aud 197. iindiicated that 12(0(1 kill' 
aMd 12(1 ku-It, respeVtively, hald he!'I 
cleared, al inle-ase of 00(11)kill' ii the 3 
years l'ahle I ). After itseries of dassifica-

rtttn. I'tg. fleieh' Set~,..1: 163 13,)(, 
NIeeurs, N. (1980), ('otlrsi')t' 1 o" lr1,piral 

1Mlui.U Acadeiv of Sci­FI's, Nationial 
utme..Waishiungton, I).(C., 205 pp. 



M liitlI oo, M, K. ( 197-,), IPLisp'ti eti Ihiciker. C. I 1978), A\co aisiplon of Saitellite 

I 'o~I'v .\el).\I doI3:a ,.I . 1lvi hadIU [ol .2) NIiri. forNI.SOI IioilhiiiiW"'i, 

8ni ;slloi1979.~ itl I2,M),l Jric T)-li ca I i iij n \S. rlim' 'N g.851)18 ( ir i l. .1-1:v 

10i.A.) CIIitIjriI lIi0151i'ii) ( D0 :\iiiCtij-, 1\':369k 13Y.. \. I7), I okris Li( 

Brslia. I. I',Siii.A.I,eju .N., lo.an i , Bi!N. Fi.. 19801. F.. anduuruir, 


IProjh'jflR iii I 
 NA 'lee IiiiAlH8 


M'l'ai llNil ed..al(19 ). ITeiitaiiinod J.. 


12:BR ( S). 4%20 \(Ah Ih'1)or ing­

C,~iitiilc. B.Nmd(;fT.H 

S \tra11. (I I9S. P)iitiiiit HoXiiiopi BltAni i lk Stu mi' 1 4,iii j\ oiill11t il rail 
IN HK-(l dCX)NI (:11 (1: ii- \\ i~tA aIv oI',CI~ 1 itl w\l,dcui liehy~ WitAA 


iSimi ll~oeio (ozldiVeIit ill fbi) MSIri
111311 hlfl" ' (of- IN' 50 i ci\r hct Marv-
INI'!; 1979.m Ii(~ii . aII;i& \\'ilIuudn.pp I13. . (1 i
 

sl'SjchijS.anI'Aiilo [citl ;)f "tl 
 c Hb . V. 'ii IA7 ri),hri 1and 


