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ABSTRACT. Vegetation fraction (VF) is an important inputiesoscale climate models, such as MM5. The most
commonly used VF inputs in modeling is the climationthly VF generated by Gutman and Ignatov (19@8)) using
NOAA-AVHRR NDVI global data sets. This paper reporthe generation of 1 km VF data set using SPOT-
VEGETATION 10-day composite NDVI products from Apfi998 to November 2003 for the Indian region. $ens
specific thresholds of NDVI associated with 0% df®% VF for SPOT-VEGETATION were found to be 0.0da
0.804, respectively, in contrast to 0.04 and 05GloComparison of derived VF with climatic VF &fl was carried out.
Analysis of VF for three latitudinal zones (<16,-24, >24) indicated the differences up to 15 perdesm GI.
Significant difference was observed for the arewirfiarain-fed agriculture. Results of the seasarad year-to-year
variations of derived VF are discussed.
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1. Introduction adopted for smaller regions and/or low temporaétiefy
studies.

Land surface parameters such as land cover (Pineda The VI based approaches are widely used as an
et al 2004), vegetation type, vegetation fraction (\aRy indicator of temporal and spatial variations in @&gion
green leaf area index (LAI) controls surface preessof structure (Bannariet al. 1995, Buschmann and Nagel
energy and water exchange. Thus Land surface @ays 1993). Normalized Difference Vegetation Index (NIPV
central role in climate (Pitman 2003). Vegetaticacfion has been generally preferred VI for global assessmoge
(Deardorff 1978) represents vegetation amounts inVF (Carlson and Ripley 1997). NDVI is derived frdhe
horizontal dimension and has been used in the roa®s combination of redg;) and near-infraredpf) reflectance
climate models, such as fifth generation Pennsydvan and defined as NDVI =p(, - p;) / (pn + pr). Gutman and
State University/ NCAR Mesoscale Model (MM5) |gnatov (1998), referred as Gl in this paper, htized
(Dudhia 1993), to weigh the evaporation flux fordband ~ the NOAA-AVHRR NDVI products of few kilometer
vegetated surfaces. Estimation of VF has beenethoit  resolutions for the generation of global monthlimatic
using remote sensing data (Asedral 1984, Puevdorgt  V/F inputs for mesoscale models. Efforts have alsalen
al. 1998) by number of techniques including spectral to generate global VF dataset at 1 km scale usirday
mixture analysis (McGwireet al. 2000), neural network  composite NOAA-AVHRR data (Zengt al. 2000) and its
(Barret et al 1995) and using vegetation indic@él) effect on land surface climatology (Barlonge anchge
(Gitelson et al 2002). The VF derived from spectral 2004). Very little work has been carried out fore th
mixture and neural network analysis requires amgill  generation of VF using SPOT-VEGETATION (VGT)
ground measurements and/or hyper spectral data anfiDVI data for Indian region.
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g.1. Global triangle of surface types estimated uselgster
analysis of SPOT-VGT NDVI (1998-2003)

The objective of the work was to derive and
characterize the VF at 1 km resolution VGT NDVIalat
for as inputs for Regional Climate Models (RCdwer
Indian domain in  multi-institutional DOS-ISRO

International Geosphere-Biosphere programme (D-IGBP 5

project. The dense vegetation approach followedsIn

was adopted. The global constants, maximum NDVI

associated with dense vegetation (NVAnd minimum
NDVI associated with exposed soil (NDY/lof GI were
estimated for the VGT sensor. The new VF was coetpar
with the climatic VF data of Gbver Indian region and
seasonal as well as inter-annual
investigated.

2. Dataused and methodology

The study area covers Indian domain of 6305 E
Longitudes and 5- 45° N Latitudes. Ten-day composite
VGT NDVI data for the period from April 1998 to
November
http://www.free.vito.beg. Climatic VF of Gl was @lited
from the site ftp://140.90.197.192/pub/ggutman/drver
the comparison.

Images of pixel-level minimum and maximum NDVI
were generated using the data set of five year88:19
2003). Two-dimensional feature space cluster arslys
using Minimum NDVI (NDVl,, and Maximum NDVI
(NDVl a0 images was performed. NDYIof dense
vegetation and ND\lof exposed soil were estimated
from the triangle formed by plotting the centers of
clusters.

variations Weregense

2003 was obtained from the web site
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(i) remaining cloudy pixels in the mid-month (second
composite of each month) were replaced by averatgeeo
NDVI values of previous and next mid-month compesit
Mid-month VF images for the study period were
generated using following equation

VF = (NDVI; — NDVI)/ (NDVI, — NDVIy

Where NDV| is the NDVI of the 1 pixel and
NDVI,, NDVIg are the constants associated with 100%
and 0% VF, respectively.

For the comparison with Gl data and investigatibn o
seasonal as well as year-to-year variations, stueg was
divided in to three latitudinal zonesz.,, <16, 16° - 24°
and >24, respectively. The Zone 1 (Upper part of India)
covers areas having desert, irrigated agricultncefarest.
Zone 2 (central part of India) is dominated by +&id
agriculture area. Zone 3 (lower part of India) asvthe
forest and irrigated agriculture area.

Results and discussion

The result of two-dimensional feature space cluster
analysis using NDV{i, and NDVl,.x is shown in Fig. 1.
Top right point of triangle, formed by centers disters,
describes the characteristics of area having highkres
for NDVI,» and NDVl,. These higher values refer to
forest vegetation, which does not change
significantly during the annual cycle. The value of
NDVI ¢ associated with the dense vegetation (NP4
0.804. NDVl,i, value associated with bottom left cluster
indicates the NDVfor the desert like soils and the value
is 0.048. The corresponding NOAA-AVHRR values of GlI
were 0.52 for NDVJ and 0.04 for NDWJ.

The zonal comparison of average (1998-2003)
monthly VF (VR,), derived using VGT NDVI data, with
climatic data of the Gl is shown in Fig. 2. ZonedsHess
than 5% difference, except in August, which coutddoe
to drought yearsyiz, 2000 and 2002 (Sikka 2003). The
VF,, for Zone 2 and Zone 3 were greater than climafic V
by 8% and 12%, respectively. Fig. 3 showing spatial
distribution of differences for February 2002 iraties that
the differences are within 10 percent for the defosest
(S2 and Sb), Irrigated agriculture (S1) or desB&)( The
significant differences, of the order of 10-30%.e ar
observed for other regions due to year-to-yearatian in
agriculture area/condition. These differences @ault in

Ten-day composition of satellite data minimizes the to different land surface energy flux partitioningnhen

cloudy pixels, however some pixels may have cldifece
due to existence of persistent clouds. In the gsiwer of
VF, a two step cloud filtering was performed, coisipig

used in climate modeling.

Seasonal variations of \{Ffor the months of June,

(i) replacement of cloudy pixels by the maximum NDV| October and February are shown in Figs. 4 (a-¢3.deen

using moving window of 3 composite

images from these images that the northeastern fofdsdia,
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Fig. 2. Relative deviation from the fraction map of Gutimand Ignatov (1998); Differences up to 15%
was observed by using SPOT data at regional scale
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Fig. 3. Difference of vegetation fraction (VF) derivedings SPOT-VGT NDVI of February 2002 and
VF of Gutman-Ignatov (Gl). Positive differences ioate the under estimation by GIl. The
vegetation structures such as dense forest (S2d&8grt (S6) and irrigated agriculture area (S1)
have lower differences
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Figs 4(a-c). Climatic monthly average vegetation fraction (VBj (a) June (b) October and
(c) February. S1 represents irrigated agricultuea;aS2 and S3 represents forest area and
S3 is the representation of area having dominamifeal agriculture
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Fig. 5. Zone-wise average monthly vegetation fractioriveerusing SPOT NDVI (1998-2003)
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Fig. 6. Anomaly of monthly vegetation fraction from fivears mean

labeled as S2, has more than 80 percent VF irhedet  40-80%. S1 and S4 have VF in the range of 80-100&6 a
months. However the hilly terrain of Orissa St&8)(has  20-40% in the month of February, respectively, doe
VF in the range of 40-60 percent in Junefgdruary  winter crops. This analysis brings out the distseasonal
months in contrast to 80-100% VF in October. This pattern of VF for different vegetation cover typedndia.
indicates the differences originated from the défe
seasonal dynamics of forest vegetation.
The zone-wise profiles of \{-are given in Fig. 5. It

The parts of irrigated area of Indo-Gangetic plains is observed that Zonel, in general, had lower VF
(S1) had higher green vegetation fraction (20-4G%) compared to other two zones, since it covers hserde
compared to rain-fed agriculture area labeled as S4(part of north-west India) and cold desert (partnofth
(0-20%) in the month of June (pre-monsoon phasethé India). The low VF in summer in all three zones and
month of October (post-monsoon phase), VF for Slincrease during monsoon has contribution from both,
remained similar to June, where as that for S4emed to  agriculture and natural vegetation. The temporafiler of
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VF of Zone 2 has the highest contrast, 28% to 68%,to
the contribution from dominant rain-fed agricultaea.
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Bannari, A., Morin, D. and Bonn, F., 1995, “A rewieof vegetation
indices”,Remote Sensing Revieds, 95-120.

The highest VF observed for the Zone 1, Zone 2 andBarret, F, Claevers, J. G. W. and Steven, M. D9519The robustness

Zone 3 are in the months of September, October and

November, respectively.

Inter-annual variations of the VF are shown in [6ig.
It is seen that months from August to October aariary

to February have higher deviations due to monsawh a

winter crop seasons. The effect of drought in 268d
2002 is distinctly observed for zones in terms efative

VF anomalies during the months of November to March

for the years 2000-01 and 2002-03. The high sehsonh
inter-annual variations of VF emphasize the needsirig
in-season VF inputs in contrast to climatic VF.

4. Conclusions

This study has (a) demonstrated use of 10-day

of canopy gap fraction estimates from red and ndeared
reflectances : A comparison of approach&&mote Sensing of
Environment54, 141-151.

Buschmann, C. and Nagel, E., 1993, “In vivo spettopy and internal
optics of leaves as basis for remote sensing oEta¢ign”,
International Journal of Remote Sensitd, 711-722.

Carlson, T. N. and Ripley, D. A., 1997, “On theat&n between NDVI,
fractional vegetation cover, and leaf area index”,
Remote Sensing of Environmesg, 241-252.

Deardorff, J. W., 1978, “Efficient prediction of@md temperature and
moisture with inclusion of vegetationJournal of Geophysical
Research83, 1889-1903.

Dudhia, J., 1993, “A non-hydrostastic version af fenn State-NCAR
mesoscale model validation tests and simulatioanoAtlantic
cyclone and cold frontMon. Wea. Rey121, 1493-1513.

composite NDVI of SPOT-VEGETATION for estimation
and mapping of VF (b) reports estimated constafits o
NDVI associated 0% and 100% VF for VEGETATION
sensor and (c) explains large seasonal and intaraén
variations in VF for Indian region. The difference
between climatic VF and the VF for February 200sadly
shows the large differences observed for agricelleueas,
while high VF areas such as dense forest and low VF
areas (desert) do not show large differences. Stsihyg
five-year data set over India indicates the needs® of
in-season VF, in contrast to climatic VF, in thgiomal
climate modeling.
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“Novel algorithms for remote estimation of vegetatfraction”,
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