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Rainfall is an important meteorological parameter,
which influences the type of vegetation in a region.
The relationship between rainfall and vegetation is well
established but it varies from region to region. Nor-
malized Difference Vegetation Index (NDVI) is a sim-
ple index to monitor vegetation which can be derived
from satellite data. Use of NDVI is well established in
assessing the vigour and productivity of the vegeta-
tion. In this study an attempt has been made to find
the relation between rainfall and NDVI in a few dis-
tricts of Andhra Pradesh, India. The mean of maximum
NDVI from 1989 to 1998 is correlated with seasonal
normal rainfall. The NDVI lag to the monthly rainfall
and reason for the lag based on land use of the dis-
tricts was investigated. Districts were classified based
on their NDVI profile and coefficient of variation of
NDVI and finally the first three-month cumulative
southwest monsoon rainfall effect on the seasonal cumu-
lative NDVI of the district was correlated. The result
shows that there is a high degree of correlation (r = 0.81)
between the mean of maximum NDVI with the normal
rainfall. The NDVI lags rainfall by two months in
most of the districts and the initial three months rainfall
correlates well with the seasonal cumulative NDVI.
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INDIA is predominantly an agriculture-dependent nation and
the southwest monsoon plays an important role in its econ-
omy. Onset of the monsoon and its progress command all
agricultural operations from sowing of crops till harvest.
Under rainfed agriculture, the phenology of the crop is
greatly influenced by its antecedent rainfall. Though the
total amount of rainfall received during the season is normal
for the country, some parts of India are affected by drought
due to uneven distribution of rainfall both spatially and
temporally. In this context it is imperative to study the
rainfall variation and its effect on vegetation. An attempt
has been made in this study using remote sensing data to
find the effect of seasonal rainfall on vegetation.

Remote sensing studies of vegetation normally use specific
wavelengths selected to provide information about the
vegetation present in the area from which the radiance data
emanate'. The differential reflection of green vegetation
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in the visible and near infrared portions of the spectrum
provides an innovative method for monitoring vegetation
from space’. The Normalized Difference Vegetation Index
(NDVI) is commonly used in this context>”. This index is
derived from Advanced Very High Resolution Radiometer
(AVHRR) data from NOAA 9 to NOAA 14 polar orbiting
satellite and is defined as

NDVI = (NIR — R)/(NIR + R), (1)

where R and NIR are the reflectance in the visible (0.58 to
0.68 um) and near infrared (0.725 to 1.1 um) channels re-
spectively’. NDVI correlates well with variables such as
green leaf biomass, leaf area index (LAI), total dry matter
accumulation and annual net primary production®”’.

Thus NDVI has become the primary tool for descrip-
tion of vegetation changes and interpretation of the impact
of environmental phenomena®. NDVI is also effectively
used for monitoring rainfall and drought, estimating net
primary production (NPP) of vegetation and crop yields,
detecting weather impacts and other events important for
agriculture, ecology and economics*®’. The relation be-
tween rainfall and NDVI in southern parts of Africa was
studied and results show that monthly NDVI follows
monthly rainfall with a lag of one to two months and is
best correlated with the bimonthly antecedent rainfall'’.
In a similar study in East Africa, NDVI and rainfall asso-
ciations are analysed for ten vegetation formations. The
study found that there is a strong similarity in both tem-
poral and spatial patterns of the NDVI with rainfall®.

Most of the above studies were carried out in the Afri-
can continent where the rainfall pattern is different from
the monsoon rainfall that exists in Andhra Pradesh (AP)
(study area), India. Secondly the vegetation formation
that exists in the districts of AP is different from that of
Africa. In this study an attempt was made to find out the
relation between the vegetation response to rainfall
through NDVI for the study area and the applicability of
this study is also discussed.

Data used and methodology

This study was carried out as part of a national opera-
tional project called the National Agricultural Drought
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Figure 1.

Assessment and Monitoring System (NADAMS). The
aim of the project was to provide space-based input on
the prevalence, persistence and severity of drought to the
administrators and decision-making authorities for drought
management. The basic unit of drought management in
India is a district for which the District Collector is the
authority for relief management. Most of the data gener-
ated and available from this project have the district as a
unit. Hence, this study has considered the district as its
unit instead of agro-ecological zones or meteorological
subdivisions.

Study area

The study area chosen consists of twelve districts of AP
(Figure 1). AP is divided into three meteorological subdi-
visions. Districts were chosen in such a way that all three
sub-divisions were represented.

The districts chosen for the study are:
Costal Andhra: Srikakulam, Vizianagaram, Krishna,
Prakasam and Nellore
Rangareddy, Warangal,
Khammam and Nizamabad
Raylaseema region: Ananthapur, Cuddapah and Kurnool.

Telangana region:

Secondly, the twelve districts were chosen taking into
consideration their diverse land use. The land use for
these districts and the type of vegetation such as percentage
forest area, net crop sown area and net irrigated area are
given in Table 1. The forest area in these districts ranges
from 7.54 to 47.67%, net sown area from 26.07 to as high
as 54.62% and irrigated area from 7.58 to 37.40% of the
geographical area. Among the above districts, one with
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Location map of the study area.

the least area under vegetation is Nellore (70.36%) and
maximum vegetated area is Warangal (91.34%). Thirdly,
the districts were chosen such that they fall under low
rainfall to high rainfall zone.

Satellite data

The NOAA (National Oceanic and Atmospheric Admini-
stration) satellite, AVHRR (Advanced Very High Resolu-
tion Radiometer) Sensor’s Local Area Coverage (LAC)
data acquired daily at National Remote Sensing Agency
(NRSA) carth station near Hyderabad, India have been
used in this study. The 1.1 km NOAA-AVHRR data dur-
ing the kharif season (June to October) from 1989 to
1998 has been used. The years 1991 and 1994 are not
considered due to the aerosol effect of the Mt. Pinotobu
volcanic eruption and non-availability of data respec-
tively. Monthly NDVI generated as part of the NADAMS
project at NRSA, Department of Space, Govt of India
have been used. The brief methodology of the satellite
data processing is given in Figure 2.

Rainfall
The district average rainfall data from India Meteorological
Department (IMD) were used in this study. Monthly dis-

trict-wise average rainfall data for all the districts under
study from 1989 to 1998 were used.

Land-use statistics

The land-use statistics of all the districts was collected
from Directorate of Economics and Statistics, Govern-
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