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ARSTRACT

This papl:r analyses seasonal vegctation changcs in a transrtron arca bctwcen forest and savanna woodland using rnonthly obtained
NO/\N/\ VIIRR Normali/cd I>iO'ercnce Vcgctanon Indcx (NDVI) data in a Global Area Covcragc (G/\C) format 111e study area ia
locatcd betwcen 14° 00' and 15° ()(r S and ~I(0 ur and (,0" ()(j' W in Southcast Mato Grosso State, The methodological procedure
inclurlcx the Iollowing stcps (I) acquisition and gcorcfcrenciug of (i/\(' data (January 1990 10 May 1991) and generation of a grid
(25 x 17 pixcls G/\C) which was ovcrlrud on a vegctation map dcrivcd rlOlIJ TM landsat images; (2) selection of NOAN/\ VI IRR
pixcl« representative of scrnidcciduous submont.mc forcst, savanna woodland and wooded savanna units (lhe homogcneity of lhe
pixels 01" the Iir st two units rangcd from 90% to IOO'Vo. and for the wooded savanna, it was above 70%); (J) gcncration of monlhly
NDVI lustograms and comparrson of thcir changcs wnh agroclnnatologrcal data Thc rcsulls show that lhe lnghcst NDVI \lalues
corrcvpond to forcst, with a mcan (xJ equal to 05411'15 and a standard deviation (s) cqual to 7 51'Yo. followed hy lhe "éIV

woodl.m-I (x - () 44159 and s = 971 'Vo) and wooded savanna (x = (1.37874 and s = 13.(,1%) The highcr valuc of s for the woodcd
savanna IS duc to the high degrcc of disturbancc as a result of human activitv of this land cover, assocrated 10 its seasonal
char.n tcnstics. In general. the higbcst NDVI values for any spccific t)-PCof vegetation, are rclated tu thc water content of the soil.
The savanna woodland is more scnsuivc to hydric conditinns (excess or deficu) Ihan the forcst. '111CNDVI providos a valuable tool
for the momtoring of changcs in the photosynthcsis of the aetive phytomass.

I. INTRODUCTION

111e vcucration rcsponds \/er)' fa~t to the seasonal cycles nr to
lhe non-rcgularity of prccipitation Thix faet rcquircs a
conunuous momtoruig m a short uncrval of tune that IS

difficult to achicve with Landsat Fhcmatic Mapper (I M) or
SPOT lIigh Resolui.on Visiblc (I mV) data, due 10 the
revisiiing cyclcs of 16 and 2(, davs. rcspectively, und 10 the
hrgh cost of thesc producís.

So, the Advanced Verv IIigh Rcsoluuon Radiometcr (/\ VIIRR)
data lrom NOM satcllitc serres IS a valuahle low cost 1001
with cxccllcnt temporal rcsoluuon, and easv acccss for
vcgctauon monitoring, dcspue itx coar se spatial resolution.

Thc objcctivc of this papcr is 10 vcnfy the capahility of the
Normalr/cd Diffcrcncc Vegctation Index (NDVI), derived from
NOAN/\ VI IRR data, to unalysc the seasonal hchavior of
vegetation in a transition arca 01' Iorest and savanna woodland.

2. STUDY AREA

The studv arca is locatcd Southeast of Mato Grosso State
bctwcen lhe gcographical coordmates of 14° 00' and 15° 00' S
and 51(° .lO' and 60° 00' V:. with approximatcly 17.9()() km'. '

The precipitation in the Brazrlian Ccntral-West rcgion presents
a gradrcnt from North to South and from West to East. The
hydric bchavior is typically tropical. with maxima values in the
summcr (January - March) and minima in thc winter time
(luly - Scptembcr) .

In almost thc cntire rcgion ovcr 70% 01' thc total rainfall per
vear occurs from Novemhcr to March, wuh the peaks from
January to March in the northem region of the State, from
I >ecemhcr to February in the central, and trom November to
January, in the southcm region of Maio Grosso (lBGE. 1989).

The RAD/\MBRASIL Projecl (1982) rcports a total
precipitation between 1.300 mm and 2.000 mm wilh annual
mean tcmperature of 24°C. for lhe arca corresponding to map
shect SD-21 CUlABÁ.

3. MA TERfALS AND METHODS

3.1. Materiais

3.1.1. NOAAlAVHRR Data_ The AVlIRR data can be
obtained from lhe NOI\A satellite in real lime or it can be
recordcd on board transmitted later 10 lhe receiving stations.

The standard products ofthis sensor are:

- L/\C (Local Area Coveragc) data with a spatial resolution of
I. I km at nadir;

- G/\C (Global Area Covcragc) data with a spatial resolution of
approximately 4 km recorded electronically on board of lhe
satellite by sampling lhe tAC data;

- NDVJ (Norrnalized Difference Vegetation Index) data derived
from NOANA VHRR. is a ratio according to lhe following
equation:
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(Band 2 - Hand I)
NDVI=

(Band 2 + Band I)

The width of lhe bands is. Hand 2 (725 IIIn - 1,100 11m) and
Band I (580 nm - 680 nm).

The resulting daily NDVI values obtained are resampled 10 a
spatial resolution of approxrmately 7 krn (Tucker, 19R6).

These monthly NOVI images are cornposed by lhe highcst
NDVl values for esch pi el recorded during the period

lysed, in order to mmimize the effects of lhe atmosphcr. the
cloud cover, and the off-nadir view Such effects cause 10\\
NDVl values (Justice et ai, 19Rtí, Santos and Shimabukuro,
1993). ln thrs study, the mean rnonthly NDVI rrnagc« wcrc

alysed tor the tune frame January 1990 10 May 1991

3.J.2. Thematic dane, In the \'e~etation map, From lhe
interpretation of Landsat-S Thematic Mappcr IllIages
corresponding 10 the PathlRow 22R/070 and 22lJI070 acqurrcd
on February 23, 1991 and Novcmber 22. IC)(X). rcspccnvclv.
Miranda and Duranton (1993) generated 8 map with vcgctauon
urut of lhe study arca, corresponding 10 lhe map sheet
D 21-Y-A ITTRAPIJRlJ, at 1250,000 scalc The vcgctation

el identilied were: forest, gallery forest, "várzea" forcst,
di hed (orest, savanna woodland, disturbcd SUV31111a
woodland, rock savana woodland ("cerrad rochoso"). wooded
. vanna with or withoul gallcry forest. disturbed woodcd
savanna, natural grassland with and without gallcry forcst,
disturbed natural grassland, natural flooded grassland, and
disturbed arcas (Iow, médium and highlv disturbed)

31.3. CUmatulojtical Data. Ihc clunatologrcal data utrhzcd
ere obtained from lhe "Boletim Agroclunatolôgrco MCIl'iaI"

edited by lhe "Instituto Nacional de Mcteorologra" Due both 10
I k of a clunatological station '" rthm lhe arca undcr study

and lhe difficulty 10 interpolate lhe data availablc (mamly from
Bolivian stations), lhe data set analizcd comes from lhe
Diamantino ••tation (Figure I)

Fo lhe last two months of lhe period considcred, data 01' thc
Alcomat station were also obtained lhis station is locatcd
wilhin the study arca. but onlv two mouths of dala alonc 00

permit nny analysis of the seasonal bchavior of the
v tauon types considercd.

3.1. Methodo'ottica' Approach

3.1.1. Acquhition and Georeferencing or AVHRRlGAC
ta. The data uulized in this work are part of lhe Global

Normalized Difference Vegetanon Index archive of Global
Inventory Morntormg and Modehng Studiex Group
(GIMMSlNi\SI\ )

3.1.1. R lation between NDVI data and the V~ctatioo
ap. Selection of NOANAVIIRR pixel rcprcsentative for

each vegctation COVL'r.

To establi ••h lhe rclauon between NDVI data and lhe diffcrcnt
\mit of lhe vegetahon lnap, a grid m whlch ..:ach ccll
correspond. 10 a plxel of 1\VI lRR GI\C imag..: was elaboralcJ
wilh a specificd monlhly NDVI value. So, lhe sludy arca was
divided mto 25 by 17 cells,

'111":next stcp was 10 ovcrlay lhe grid on the map 10 define lhe
pcrccntnge of arca occupied by cach vegctation Iype within lhe
1\VIIRR prxcl. Thosc pixcls that prescntcd lhe highcst
pcrccntnge of lhe urcu 01' a specified vegctation 1~1)(!,wcre
sclccted 10 reprcsent pure NI>VI valucs, perrnitting 10 cstablish
the rclation bctwecn thcse valucs with the differcnt vcgctation
co"cr Iyp..:s

3.2,3. Ceneratinn of monthly NOVI hi'to~ram. and
Cumparison with Ajtruclimlltolo~ical Data. '111c monthly
NDVI value: corrcsponding 10 thc pixcls rcprcsentanvc of each
vegetauon unit wcre used 10 ohtnm lhe mcan monthlv NDVI
valuc, which was plorted 10 ohtam the hrstograrns 01 I>VI

111efollow 111J.(step wus 10 ploted lhe hi .tograms of NPVI with
cltmalologlral lulllllllatloll 10 illlah~c thc scusonal hc havior of
thcse vcgct.urou 1\1)<.."

·t RESIJLTS ANO DISC'tJSSIO

I hc 111111,rcprcscntcd rn lhe \egct<illou mnp (rncludmg those in
Ihc proccxs of dlilllgC or lallo IISC) do 1101havc a srmilar
bchavior whcn laccd ro ali ":\CC" or dcticu of warer I\n.llrting
Frgurcs 2 Ihrollgh '1. nuc l',1IImakc thc lollnwlIlj! ohxcr vntron«

Figure 2 cOlfeslwllHI, 10 1\ li!!11'I I (I(JO and lhe luxtogr.nn is
sluflcd 10 100\cr NI )VI valucx, thut rctlcctx the climutnlogical
condiuous 01'slglltfil'illIl drought prcccdcd hv four lIIolllh, with
rain deficrt

For Novcmh c r I")()" (1"lglllc 1). thc rungc 01' NI>VI valucs was
highcr , COlIll"llhllg\\llh a rcl,lll\Lh dr v month prccedcd hv two
months \\llh w.ucr C\leSS

Figure 4 COflC~pOIlO10 Fchruarv I()<)I. it prcscnl lhe higher
NI>VI V<lIIlCScolnCIOIII!! \\1111 thc CIIO of lhe ruinv scason,
ulthough 1111<lcbruurv has bccn considcrcd aI) pical duc 10 lhe
highly dccrcase of lhe prccipitation

~,2, ("'urrel"'iun Betwcen NOVI Vllluc, anel Map or
Vl'l!l'I' liun l lnite

Through superpositlOlI of thc j!IIO (mcnuoncd at 322) ovcr the
vcgetation unrts map, 1I was possiblc 10 choosc thosc pixels
lha I were consulcrcd rcprcscnlativc of lhe vegctatron cover
types mapped 11 i: i111portam 10 mcnuon Ihal NDVI values
wcrc not obtruncd lor ali vcgctauon covcr, consrdcr mg that
rnost of thcrn did not pre .cnt prxcls with an adcquate
homogcncitv or belong 10 IUIYcatcgones of disturbed arcas that
are not of mtcrcxt for 1111<~1t10\

The sclected pixcls corrcxpouded 10 the following vegctation
units: forcst, savanua woodland, and woodcd savanna lor lhe
forcst Ul1It, was considcrcd 10 includc 4 pixcls with
homogcncity of I()()% ano 11 pivcls wuh hornogencit bctween
90% and IO(J% For lhe savanna woodland unit, I8 pixels were
selcctcd wrth at lcast <)0% hOll1o!!cIICII\.01'which 7 wcrc 100%
pure For thc \\c>oucJ su\unna. -I 1'1 eis \\..:rc selcctcJ wllh
homog..:ncllv anovc 70% bul 0111\ I rl\eI \\as 100% plllC

In Tahle I lhe prolxlrtion of Ihc SluO\ area covcreu h\ cach
v..:gctalion 1I1111sIS prescnleo '10": lo;csl show..:d Ihc hl!!hcsl
covcrag..: (21 55%) followeo hy olstllrhcd wo()(,kJ ',I\.lI1l1a
(I H 10%). anu hy si.lvana woodland (1742%) Note Ih;11 Ihc
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words of "small", "mcdium", and "large" disturbed arcas, do
not reler to lhe size of thcse arcas, but to thc intcnsity of the
disturhancc processo

".3. Corel.tlon Between
Agr()rlim.tol~ical 011111

NDVI Values .nLl

Figure 5 prcsents the mcan
unit sclected. In general, it
show similar bchavior
considcrcd

NDVI value of cach vegetation
is noticed that lhe three curves
of NDVI during lhe period

'111Clughcst NDVI valucs correpond to the prxels of forest
(O 5-1X(5), followed hy savanna woodland (0.44375), and
finallv bv the woodcd savanna with mcan value ofO 37R74.

Thexc monthly NDVI valucs present a slandard dcviation of
72<)% for forest, <)01% for savanna woodland, and 13.20% for
woodcd savanna The lowcst value can hc explaincd by the
highcr homogencrty of forest canopy, whcrcas the physiognorny
of ~a\ .mna woodland "latu s.:n511" varies structurally with a
arborcnl-bush or hcrbaccous-buxh facics

I\nal\llnl!( lhe Frgurc 5 111dct.ul, II IS obscrvcd Ihal thc highcsl
NI>VI vulucs of forest occurs in March 1991 (0.60157) and
Ma\ I 'I')() (O 591 XO) during lhe ruiny scason and lhe lowcst
va luc« /li August and Scptcmbcr 1990 (O 4ó6RO and O.-l74ó 1,
rc spcc t I\'.:1v). I\s for lhe savanna woodland Similar
ch.u.u tcnstics OCIIfT \\ 1111rnaximurn valucs in May (O 5 13M!
and O ·IXX2Xfor 1990 and 1')')1, respccuvcly) coinciding with
lhe cnd 01' rumv season and lhe lowcst value occurs in August
19'111111nX9 I) that was lhe dricst 1I10nlhof lhe studicd period
'111e woodcd savanna prcscnts lhe highesl NDVI valuc
(11.I(\~X') in lhe cnd 01' lhe raruy scason, hut lhe lowcst valuc
(O 2X12~) in Januan v. probahlv due 10 lhe influcnce of barc soil
with acertam moisturc contcnt, causmg a saturation of the
pixcl lur lowcst NI>Vl valucs.

Comparmg the ClIT\'':S of forcst and savanna woodland, onc can
scc Ihat savanna woodland rcsponds more rapidly to the
changcs in the hydric hchavior. '111esavanna woodland has lhe
highcst moisture loss duc to a more: opcn canopy structure nnd
it is loca teu in very sandy soi ls

Another fact is conccrncd to lhe low variabihty (non-
significant) of NDVl among thc purc pixcls of forest and thosc
pixcls contarninated partially by other types of vegetation
covcr.

In the savanna woodland unit, generally the pixcls prcscntcd
hornogcneity around 90%, duc to lhe prescnce of forest facies
within the pixcl of this vcgetation unit.

For the woodcd savanna, it was not possihle to establish a
NDVI paliem, due to the small amount of representative
pixcls (4) and to lhe low thrcshold defined (70%) without

talcing into acount lhe influence of lhe wooded li\!
composition.

5. CONCLUSIONS AND RECOMMENDATIONS

After lhe analysis of results obtained, one can conclude lhat the
Normalized Difference Vegetation Index (NDVl) images are a
valuable tools to study lhe seasonal behavior of lhe vegetation,
Considering lhe large coverage, the periodieity, and the low
cost of these images, it is possible to study lhe variation of the
vegetation in a short period and it is ideal for udyi
dynamic phenomena

The authors recommended lhe installation of a c1imato i
data collection network in lhe surrounding arcas to 8 te
more reliable data for lhe region considered in this study.
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:ores! 3.R57.67 21.55

lGallery Fores! 415.30 2.32

"Várzea" Fores! 36R.76 206

)Isturbcd Fores! 261.35 1.46

~avanna Woodland 3,IIR.35 17.42

)isturbcd Savanna Woodland 121.73 0.68

lRocky Savana Woodland ("Cerrado Rochoso"). 279.26 1.56

Iwoodcd Savanna 1.353.32 7.56

Iwooded Savanna with Gallery Forest 12.53 0.07

)is!urbcd Woodcd Savanna 3.240.0R IR.IO

!Natural Grassland wuh Gallery Forest 214.RI 1.20

~atural Grassland 284.63 190

Jisturbed Natural Grassland 1074 (J.()O

Natural Flooded Grassland R9.50 O SO

.ow Disturbed Arcas 1.466 (J') R.19

Irvtedium Disturbcd Arcas 1,428.50 7.98

I~ lighly Disturbed Arcas 1,J78.3R 7.70
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Table I. Proportion of lhe studv arca covered hy each vcgctation units

(mm)
-------_._---- - ------- - ----- - ---------- - -

o~----~--~-----~----------L--------~----------~--~~
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEZ JAN FEB MAR APR MAY

DExcess §§Deficit 1::<1 Storage
...•.PP ...•...ETP *ETR

January 1990 - May 1991
Figure I. Hydric balance for Diamantino climatological station.
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Figure 2. Frccucncy 11I~I()gralllof NDVI \ .lIl1es dcnvcd rflllll NO(),\!I',:IIl< J{ (Pcriod of August 19(0).
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Figure 3. lrccucncy histogram 01' NDVI valucs dcnved irom N(X)NJ\ VHRR (Pcriod of Novcrnber 1990).
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Figure 4. Frecuency histogram of NDVI valucs dcrivcd lrom N()( )A/A VIIRR t I'cn ••d of I chruarv I!)!)I)
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Figure 5. Monthly mean NDVI values of vegetation covcr (forcst, savanna woodland and woodcd savanna).
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