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CLASSIFICATION OF SATELLITE IMAGES USING MULTI-
SPECTRAL INDICES: A DECISION TREE APPROACH

Kuldeep Dileep Mete and Balasubramani K.

Department of Geography, Bharathidasan University, Tiruchirappalli - 620 024
E-mail: geobalas@gmail.com

Abstract

The classification of remotely sensed imagery is an important and critical step in the field of
land use planning. Eventhough various algorithms are readily available to classify the satellite
images, the application of decision tree logic provides promising results. The decision tree
used in this study was embellished and make precise by using ten indices with help of IRS-
P6 LISS IV data and Landsat-8 OLI and TIRS data. The vegetation indices such as
Normalized Green (NG), Normalized Red (NR), Normalized Near Infrared (NNIR), Vegetation
Index Green (VI Green), Normalized Difference Vegetation Index (NDVI), Normalized
Difference Water Index (NDWI), Modified Soil Adjusted Vegetation Index-2 (MSAVI-2), and
Optimized Soil Adjusted Vegetation Index (OSAVI) were generated using green, red and
infrared bands of LISS IV image. The Normalized Difference Built-up Index (NDBI) and Built-
up Area (BUA) were created using Short Wave Infrared wave (SWIR) band and Near Infrared
Band (NIR) bands of the LANDSAT-8 image. By observing these indices values for different
Land Use / Land Cover (LU/LC) classes, threshold values were determined and decision tree
was developed using the Knowledge Engineer tool of ERDAS. Then the developed decision
tree was used to classify the images and finally post-processed to remove the outliers. The
accuracy assessment of classification was performed and it shows 90.83 percent of overall
accuracy and 0.8764 of Kappa coefficient. The decision tree approach gives better accuracy
in image classification compared to merely using reflectance value of spectral bands. This
will help to get accurate information of LU/LC classes for land use planning.

Keywords: Vegetation Indices, Decision Tree, Knowledge Engineer, Classification, LU/LC
Introduction

Remote Sensing (RS) and Geographical Information System (GIS) are now widely
used for analyzing land and water resources for various development and planning
measures. Image classification is the most necessary step in RS and GIS for any kind of
study of an area (Abd El et al., 2011; Lu et al., 2013). There are different classification
algorithms and methods have developed and tested to classify satellite images. However,
most of the classification algorithms are generally parametric and based on Gaussian
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distribution. The classification based on Atrtificial Neural Network (ANN) and decision tree are
becoming very much popular nowadays. These classification methods include non-
parametric techniques. Even though the decision trees methods are used for many years
especially in television broadcasting, still it is in the development phase in image
classification. Decision tree method generally used for the classification, because it is the
simple hierarchical structure for the user understanding and decision making. Decision tree
classification techniques have been used successfully for a wide range of classification
problems. These techniques have substantial advantages for remote sensing classification
problems because of their flexibility, intuitive simplicity and computational efficiency.

Eventhough, multiple data mining algorithms including Artificial Neural Network,
Nearest Neighbour Rule and Baysen classifiers available for classification of an image,
decision tree method provides easiness to create a hierarchical structure of decision tree
based on conditions or rules to classify the image. Therefore, the decision tree classification
algorithm is gaining increased acceptance of land cover classification (NRSC, 2006). Itis also
very useful for problematic scenes because of its ability to handle noisy and missing data
(Quinlan and Kaufmann, 1993).

Vegetation indices have been widely used in remote sensing for assessment and
analysis of biomass, water, plants and crops (Jackson and Huete, 1991). Hence, vegetation
indices based classification will be very much useful in identifying Land Use / Land Cover
(LU/LC) classes and provides a strong base applying for conditions and rules to differentiate
the pixels. Hence, an attempt made in this study to use decision tree classification based on
different vegetation indices. In addition to vegetation indices, water and built up indices are
also used for extracting water and built-up areas.

Fig. 1. Confluence of Cauvery and Amaravati Rivers
2
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The study area chosen to test decision tree classification comprises southern part of
Namakkal and northern part of Karur Taluks of Tamil Nadu. The study region has the
presence of confluence of Amaravati and Cauvery rivers. It is located at an average elevation
of 120 metres from mean sea level. The river Cauvery flows from northwestern direction to
southeastern direction and Amaravati river flows from southwestern direction to northeastern
direction. The prominent geomorphic units identified in this area are alluvial plain and
pediplain. The northeast monsoon chiefly contributes to the rainfall in the study area. The
average annual rainfall of the study area varies from about 620 mm to 745 mm. The mean
maximum temperature ranges from 26.7 °C to 38.56 °C. The daytime heat is oppressive and
the temperature reaches as high as 43.9°C (Subburaj, 2008).

Database and Methodology

The decision tree based image classification process normally requires a high-
resolution satellite image. In this study IRS-P6 LISS IV data with the 5.8-metre spatial
resolution was used. This image rectified with UTM projection and WGS 84 Datum. To
calculate the built-up index, Short Wave Infrared (SWIR) and Near-Infrared Band (NIR) bands
of LANDSAT 8 satellite Operational Land Imager (OLI) and Thermal Infrared Sensor (TIRS)
data were used. ERDAS IMAGINE 9.2 was used for decision tree formation and classification
and ArcGIS was used for map layout preparation.

Vegetation indices are more sensitive than the pixel values of individual bands (Baret
and Guyot, 1991). Hence different vegetation indices are developed using the spectral band
combinations of green, red, and infrared of LISS IV image. There are eight vegetation indices
viz. Normalized Green (NG), Normalized Red (NR), Normalized Near Infrared (NNIR),
Vegetation Index Green (VI Green), Normalized Difference Vegetation Index (NDVI),
Normalized Difference Water Index (NDWI), Modified Soil Adjusted Vegetation Index — 2
(MSAVI - 2), and Optimized Soil Adjusted Vegetation Index (OSAVI) were generated. The
indices such as Normalized Difference Built-up Index (NDBI) and Built-up Area (BUA) were
generated using Short Wave Infrared wave (SWIR) band and Near-Infrared Band (NIR) band
of LANDSAT — 8 images. The equations used for generating indices are mentioned
hereunder:

Band Green

NG = Band Green + Band Red + Band NIR ™ ™" ™7™ )
NR = Band Red )
" Band Green + Band Red + Band NIR ™~ """ -+ (2)
Band NIR
NNIR = N ¢:))

Band Green + Band Red + Band NIR

Vi _ Band Green — Band Red 4
reen = o T Band Rad ™ e e v (4)
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_ Band NIR — Band Red
= Band NIR F Band Red = v v e e vws v

NDVI .. (5)

Band Green — Band NIR
Band Green & Band NIR = mwwe e

NDWI = ..(6)

OSAVI = Band NIR — Band Red 1+ Wh L= 016) ,
= Band NIR + Band Red £ L 1) e ere L =0.16) ........(7)

(2*Band NIR+ 1 — /(2 * Band NIR + 1)2 — 8 » (Band NIR - Band Red))

MSAVI2 =

2
..(8)
yng) — Band 6 SWIR) — (Band 5 NIR) o
= (Band 6 SWIR)— (Band SNIR) "~ o ()
BUA = NDBI = NDVI e vvv eos e oo e ee aes e aes e eee e eee e ene e (10)

(Sources: (1) Sripada et al., 2006, (2) Sripada et al., 2006, (3) Sripada et al., 2006, (4)
Gitelson et al., 2002, (5) Rouse et al., 1974, (6) McFeeters, 1996, (7) Rondeaux et al., 1996,
(8) Qi et al., 1994, (9) Zha et al., 2003.(10) He et al., 2003).

Each equation was carefully examined and applied to the satellite datasets for
generating vegetation and built-up indices. The indices are prepared as individual layers for
identifying and defining threshold values for different LU/LC classes (Fig.2, 3, 4, 5 and 6).

Fig. 2. Normalised Green & Normalised Red Indices

Fig. 3. Normalised Near Infrared & Vegetation Index Green indices
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] =]

Fig. 4. Normalised Difference Vegetation Index & Normalised Difference Water Index
Fig. 5. Optimised Soil Adjusted Vegetation Index & Modified Soil Adjusted Vegetation
Index

]

Fig. 6. Normalised Difference Built-up Index & Built-up Index

Formulation of Decision Tree

A decision tree method is a graphical representation of a decision-making process
that can easily interpreted by users. Starting from the root, each node applies a test deciding
which of the child branches to take for subsequent tests. This continues recursively until a
leaf node is reached (Quinlan, 1993). The decision tree makes homogeneous groups as per
defined variables in rules and makes partition in the dataset. The tree is simpler, and
technically it seems easy to use. It is more interesting to get a tree that is adapted to the
probabilities of variables to be tested. Decision tree-based classification requires spectral
reflectance measurements or indices in different layers for making the perfect decision
regarding each class. In this study, Knowledge Engineer in ERDAS IMAGINE was used to
formulate the decision tree. Initially, the hypothesis was created and then rules were decided
according to LU/LC classes. The threshold values were determined for each class of LU/LC
based on the derived indices. Finally, the confidence level was defined and the whole
structure was prepared as a model. The structure of the knowledge engineer based decision
tree is shown in Figure 7.
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Fig. 7. Structure of Decision Tree using Knowledge Engineer Tool in ERDAS

In the present study, a total of 2,000 index values were measured to define a
threshold to distinguish different LU/LC classes. For each case of LU/LC class, 50 random
points were identified and threshold values for each index were determined. Accordingly, a
sum of 350 index values was measured for each class of highly stressed crop, medium
stressed crop, healthy crop and fallow land. For settlement, water and sand LU/LC classes,
a total of 200 index values were measured for each class. These index values were carefully
examined and the threshold was determined for each LU/LC classes against each index. A
confidence level of 0.75 was adopted unanimously for all classes to run the model in
knowledge engineer. The variables for each class and their threshold values are presented
in Table 1.

Fig. 9. Classified Image Using Multi-Spectral Indices and Decision Tree Approach



Kuldeep Dileep Mete and Balasubramani K.

The Indian Geographical Journal, 88 (1) June — 2013

Table 1: Indices and Threshold Values for Different Classes of LU/LC

LU/LC Index Threshold Range
VG > - 0.045 And <= 0.055
NNIR > 0.221 And <= 0.242
NR > 0.351 And <= 0.402
Highly Stressed Crop MSAVI > -0.904 And <= -0.653
NDVI >-0.287 And <= -0.121
OSAVI >-0.409 And <=-0.236
NDWI >0.117 And <= 0.269
VG >-0.041 And <=0.111
NNIR > 0.196 And <= 0.336
NR > 0.289 And <= 0.409
Medium Stressed Crop MSAVI > -0.499 And <= 0.065
NDVI >-0.137 And <= 0.055
OSAVI >-0.257 And <= -0.025
NDWI >-0.101 And <= 0.209
VG > 0.005 And <= 0.151
NNIR > 0.225 And <= 0.399
NR > 0.248 And <= 0.357
Healthy Crop MSAVI >-0.049 And <= 0.237
NDVI >-0.043 And <=0.163
OSAVI >-0.045 And <= 0.201
NDWI >-0.065 And <= 0.109
VG >-0.124And <= 0.074
NNIR > 0.199 And <= 0.281
NR > 0.345 And <= 0.457
Fallow Land MSAVI >-0.921 And <= - 0.499
NDVI >-0.043 And <=0.163
OSAVI >-0.599 And <=-0.317
NDWI > 0.316And <= 0.402
NNIR >0.182 And <= 0.335
Settlement BUA >-0.125 And <= -0.025
MSAVI >-1.301 And <= -0.365
NDWI > 0.165 And <= 0.403
NNIR > 0.201 And <= 0.216
Water OSAVI > - 0.465 And <= -0.398
NG > 0.401 And <= 0.437
NDWI > 0.301 And <=-0.388
Sand MSAVI >-0.999 And <= - 0.541
BUA > 0.091 And <= 0.169

Results and Discussion

Landuse / Land Cover Classes

After successful formulation of decision tree, the given LISS IV image was classified
into eight LU/LC classes namely fallow land, highly stressed crop, medium stressed crop,
healthy crop, settlement, sandy, water and miscellaneous. Table 2 shows the LU/LC classes
and respective geographical coverage.
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Fig. 9. Classified Image Using Multi-Spectral Indices and Decision Tree Approach

Table 2. Areal Distribution of LU/LC Classes

Sl. No. Class Area in km? Area in Percent (%)
1 Fallow Land 276.83 43.87
2 Medium Stressed Crop 130.54 20.68
3 Highly Stressed Crop 43.22 6.85
4 Healthy Crop 17.27 2.73
5 Settlement 13.24 2.09
6 Riverine / Deposited Sand 8.94 1.41
7 Water 1.64 0.26
8 Miscellaneous 139.24 22.06
Total Area 630.94 100

In the present study, fallow land was classified based on VG, NNIR, NR, MSAVI,
NDVI, OSAVI and NDW!I indices. Different categories of crops were measured based on the
spectral reflectance of crop canopy. Many studies have reported that NIR and Red are highly
helpful in discriminating crop performance and productivity (Blackmer et al., 1996; Blum,
2011). The highly stressed crop has low chlorophyll concentration, hence it is observed with
low reflectance in NIR band and accordingly thresholds were devised using VG, NNIR, NR,
MSAVI, NDVI, OSAVI and NDWI indices. Since healthy crop has better reflectance values in
NIR band, the same indices were used to classify but with different threshold limits.
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One of the critical steps in image classification is extraction of settlements, because
of similar reflectance of the sandy area and inter-mixing of vegetation pixels. In this study,
NNIR, BUA, MSAVI and NDW!I indices were used to demarcate settlements. MSAVI and BUA
indices are used to identify sandy areas and NNIR, OSAVI, NG and NDWI indices were used
to extract water bodies. The threshold limits for each index were identified by inspecting
LU/LC classes through each index layer.

Accuracy Assessment

Accuracy assessment of LU/LC classifications is necessary to evaluate the quality of
maps developed from remotely sensed data (Stehman, 1996). In image classification, the
term ‘accuracy' means a measure of consistency with reliable information in a spatial point
with data on the classified image (Jensen,1996). Accuracy assessment or validation has
become a standard component of any land cover or vegetation map derived from remotely
sensed data (Congalton, 2005). There are multiple ways to estimate the accuracy of the
classification. The most powerful and simplest technique is constriction of error matrix (also
known as a confusion matrix, correlation matrix, or covariance matrix). Many statistical
measures of thematic accuracy can be drawn from the error matrix including overall accuracy,
percentage of commission and omission errors and Kappa coefficient (K) (Congalton and
Green, 1999). The overall accuracy is computed by dividing the total correct pixels by the
total number of pixel in the error matrix (Story and Congalton, 1986).

The computation of the accuracy of the classified individual class was done based
on the producer's accuracy and another is the user's accuracy, similar to overall accuracy.
The error matrix of the present study is presented in Table 3 and different classes of accuracy
are presented in Table 4. The results show that the overall accuracy of the classification is
90.83 per cent.

Table 3: Error Matrix of the Classified Study Area Image

High Medium

gl assified Miscellaneous | stress Sfress Healthy Settlement Fallow Water | Sand Row Total
ata Crop Land

Crop Crop
Miscellaneous 35 0 0 0 0 3 0 0 38
High stress 0 5 0 0 0 1 0 0 5
Crop
Medium
Stress Crop 0 0 20 1 0 0 0 0 21
Healthy Crop 0 0 0 B 0 0 0 0 B
Settlement 0 0 0 0 4 0 0 0 4
Fallow Land 3 1 0 0 1 37 0 1 43
Water 0 0 0 0 0 0 1 0 1
Sand 0 0 0 0 0 0 0 2 2
Column Total 38 ] 20 B 5 41 1 3 120

Accuracy assessment through error matrix depends on several sampling points, as
fewer sampling points may lead to misspecification of classes (Foody, 2002). This can be
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overcome by estimating the Kappa coefficient (K) (Congalton, 1999). It yields a K statistics
that is a measure of agreement of accuracy, which is 0.87, showing a better accuracy of
LU/LC classification compared to merely using reflectance value of spectral bands.

Table 4. Values of Overall Accuracy, Producer’s Accuracy and User’s Accuracy

Classified Data Reference Classified Number Producers Users Accuracy
Total Totals Correct Accuracy

Miscellaneous 38 38 35 92.10% 92.10%
High Stress Crop 6 6 5 83.33% 83.33%
Medium Stress Crop 20 21 20 100.00% 94.24%
Healthy Crop 6 5 5 83.33% 100%
Settlement 5 4 4 80.00% 100%
Fallow Land 41 43 37 90.24% 86.05%
Water 1 1 1 100.00% 100.00%
Sand 3 2 2 66.67% 100.00%
Totals 120 120 109

Overall Classification Accuracy 90.83%

Conclusions

The LU/LC classification should be a precise or accurate for the study of Earth's

environment, through which the decision-makers can develop proper development and
planning measures. This study explored a reliable as well as a convenient tool for
classification of LU/LC using spectral indices. The knowledge engineer tool in ERDAS
software provides the easiest user interface for the formation of decision trees. Compared to
supervised and unsupervised classification algorithms, this decision tree approach yields a
better accuracy for classification rather than using reflectance value of satellite image.
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Abstract

Geographic Information System (GIS) is a useful tool in the analysis and evaluation of the
performance of different services and to identify disadvantaged urban areas for the
redistribution of services. The distribution of schools including primary, middle, high and
higher secondary are subjected to identify their service areas by generating buffer zones
with respect to the distance of their categories. Sivaganga District of Tamil Nadu has been
chosen for this study. The secondary data sources like annual reports from Directorate of
School Education, Government of Tamil Nadu and Sarva Shiksha Abhiyan (SSA) reports
were used. Educational details were also collected from the Chief Educational and District
Educational Offices in Sivagangai District. The location of schools were captured using
Global Positioning System (GPS) and ArcGIS software is used for generating the spatial
outputs of served and unserved areas. Finally, the spatial gaps for all school categories are
classified as served and unserved gaps. The highest served gaps were found in
Kalaiyarkoil, llayankudi and Kallal and the lowest served gaps were found in S. Pudur
Block. Among the unserved areas, Devakkotai Block stood with maximum area followed by
Manamadurai and Thiruppuvanam Blocks and the minimum unserved areas were found in
S. Pudur Block followed by Singampunari Block.

Keywords: GIS, GPS, buffer, Service area, Spatial gaps
Introduction

Geographic Information System (GIS) is a useful tool for analysing and evaluating
the performance of different services, and to identify disadvantaged urban areas for the
redistribution of services. It is also considered as a powerful set of tools for collecting,
storing, retrieving at will, transforming and displaying spatial data from the real world for a
particular set of purposes (Burrough and McDonnell, 1998). GIS can be used for many
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different purposes in public services, especially in educational planning and management
(Attfield et al., 2002; Kong et al., 2007). Educational services are one of the most important
public services that must be provided to members of any locality (Shquair, 2009). The
planning and distribution of schools depend on several criteria like: the distance, population
and other landusecharacteristics. However, the urban expansion in those areas and
assessment of needs for the future population in the respect of educational services are
also considered.

The GIS is a system for storage, analysis, management and presentation of the
data and maps associated attributes as spatial information that is spatially referenced to the
Earth's surface (Eray, 2013). In general, GIS relates to all the features and the processes
that occur on the surface of the Earth. It is applied in many developed countries of the world
in educational facilities mapping to support decision-making. Educational services planning
include a wide range of educational planning and management issues. The spatial gaps in
school locations are mapped to identify the relationships among the school locations and
the distribution of school age population through analysing the gaps.

The distribution of schools including primary, middle, high and higher secondary
schools are subjected to identify their service areas by generating buffer zones with the
distance respect to their categories. The service area (buffer area) or zone of influence or
sphere of influence were drawn for primary, middle, high and higher secondary schools in
Sivaganga District using buffer tool in ArcGIS software. These buffer zones gave ideas to
visualise the areas getting benefited by the schools based on the norms framed by the
Department of Education, Tamil Nadu. These buffer zones provide information on schools
available with least distance, which could make students trouble-free to reach the primary,
middle, high or higher secondary schools.

Study Area

The Sivaganga District extends latitudinally from 9°43' N to 10°20' N and
longitudinally from 77° 47' E to 78° 49 ' E. It is bounded by Pudukkottai District on the
northeast, Tiruchirappalli District on the north, Ramanathapuram District on
southeast, Virudhunagar District on southwest and Madurai Districton the west.
Sivaganga town is the District Headquarters. The District has 2 revenue divisions, 6 taluks,
12 blocks and 521 villages. Total area of the District is 4,189 sq.km (Figure 1).

Database and Methodology

The Survey of India toposheets, both in digital and analogue formats were used to
prepare the base map. The annual reports from Directorate of School Education,
Government of Tamil Nadu and Sarva Shiksha Abhiyan (SSA) reports were procured and
used as secondary data for the academic year 2011-2012. For this study, the secondary
data sources were considered as main source.

13


http://en.wikipedia.org/wiki/Pudukkottai_district
http://en.wikipedia.org/wiki/Tiruchirapalli_district
http://en.wikipedia.org/wiki/Ramanathapuram_district
http://en.wikipedia.org/wiki/Virudhunagar_district
http://en.wikipedia.org/wiki/Madurai_District
http://en.wikipedia.org/wiki/Sivaganga

Kumar V., et.al. The Indian Geographical Journal, 88 (1) June — 2013

The education related information was also collected from the Chief Educational and
District Educational offices in Sivaganga District.

The locations of schools were captured using Global Positioning System (GPS) -
Garmin eTrex instrument. The software ArcGIS version 9.3 was used for generating the
spatial outputs of served and unserved areas and played vital role in analysis.

[

Fig. 1. Sivaganga District
Fig. 2. Service Area of Primary Schools

Results and Discussion
Service Areas of Primary Schools in Sivaganga District

As per the guidelines of the Department of Education, Government of Tamil Nadu,
the service area for primary schools is considered to be 1 kilometre around a primary
school. The primary schools must be at a reachable distance so that the students at the
age group of 5 — 10 could be benefited without much risk. Particularly in the villages and
remote areas, the transport facilities are not well developed. More clusters of primary
schools were found in Singampunari, Thiruppathur, Sakkottai, Devakottai and Sivaganga
blocks. A cluster of more than 25 schools was found in Sakkottai block. Devakottai and
Sivaganga blocks have nearly 15 primary schools in the same location. Thiruppathur and
Singampunari blocks have 12 and 8 schools in clusters respectively. In Manamadurai block,
it has 8 schools in its cluster and in lllayankudi block, one can find 12 primary schools in the
nearby areas. In Sivaganga District, the buffer zones for primary schools cover most parts
of the District. The blocks like Singampunari, Thiruppathur, Sakkottai, Devakottai and
Sivaganga have the most clustering of buffer zones of primary schools (Figure 2).
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Service Areas of Middle Schools in Sivaganga District

The service area for middle schools has been fixed to be 3 km from the location of
the school. It is the maximum distance specified by the Government of Tamil Nadu for the
middle schools. The middle school students are the children at the age group of 11 to 13
years. These children are quite grown up than the primary school age group and can be
sent to the nearby small towns or big towns within 3 km for schooling. Some cluster of
middle schools were found in Karaikudi, Kazhalanivasal and Sakkalakkottai areas in
Sakkottai Block; Devakottai, Kannankottai, Thachanvayal, Mannaivikotai areas in
Devakottai block; and Kottagudi, Kilapatti, Arasani, Kasambankulam areas in Sivaganga
block. The Sivaganga, Thiruppuvanam and lllayankudi blocks are dominantly covered with
middle school service areas. S.Pudur block is the smallest block in the District which has 11
middle schools. The buffer zones of middle schools dominantly cover the entire northern
and the southern fringes of the study area. The eastern and the western parts are not well
served with middle schools.

Fig. 3 & 4. Service Area of Middle and High Schools

In Sakkottai block, the Chettinadu and Peryottai villages in the north and southern
parts of Ambakudi, llluppakudi, Amaravathi Pudur and Sankarapuram areas in the south
are found without middle school services. Devakottai block was widely covered with middle
school service excepting a few patches of gaps in the northern margins. The Kannankudi
block shows less number of middle schools. Ten middle schools in the block serve most of
its areas. The Kallal block has 11 middle schools, besides the 4 schools in Kallipattu,
Sevarakottai, Keelayur and Naduvikottai villages which are found in nearby areas. The
llayankudi block was found with more number of middle schools (buffer zones) overlapping
each other, leaving some gaps in the four corners of the block, along the margins.
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Thiruppuvanam block was well served with a number of middle schools, as substantial part
of the block was covered with the middle school buffer zones (Figure 3).

Service Areas of High Schools in Sivaganga District

According to the norms laid down by the Tamil Nadu Government, each high school
should serve 5 km radius of area from the school location. The high schools were built for
the purpose of promoting high school education to all types of people. Especially in village
areas, the restrictions for female children to undergo higher education are high. In such
situations, if the schools are at the nearby distances, this group of population may get
benefited. The high school students include children at the age group of 14-15 years old.
The buffer zones of high schools in Sivaganga District reveal that the high schools cover
most parts of the District except the eastern portions. One can also find clustering of high
school in Sakkottai and Sivaganga blocks. In Sakkottai block, there are 7 high schools
found and in Kallal block it was with 5 schools. Among the 12 blocks in Sivaganga District,
the S.Pudur block was the least served area with the buffer zones of high schools. Here
one can find small fragments of 5 buffer zones. The Sakkottai block was found to be well
served with a number of high school buffer zones merged with each other. In the southern
part of Sakkottai block, the buffer zones of Kannankudi, Devakottai and Kallal blocks also
well served the high school education. The Kallal block was well covered with high schools
in most of its parts leaving few patches empty at the southeastern corner. In Kannankudi
block, a few areas were served with the high school buffer zones found in the western part
of the block and that also merged with the service areas of Sakkottai and Devakottai blocks.
The Kalaiyarkoil block has a few number of high school service areas just adjoining each
other along the rims in the central part.

In llayankudi block, the high school buffer zones are found in the northern margins
and southern margins leaving the central part vacant. In Manamadurai block, most of the
portions were covered with high school buffer zones leaving very little patches as gaps in
the southwest, central and northeastern parts. The high school buffer zones in
Thiruppuvanam block were found with very least coverage. The buffer zones in the east are
merged with the buffer zones of Sivaganga block. The buffer zones are more crowded in
the central part (Figure 4) of the region.

Service Areas of Higher Secondary Schools in Sivaganga District

The higher secondary school is the highest level in school education, Sivaganga
District was served by 96 number of total higher secondary school in the year 2011-2012. If
the higher secondary schools are spaced at some particular ideal distance, everyone in the
nearby villages or towns get benefited. This minimum distance is calculated to be 8 km of
space for higher secondary schools’ service area. Higher secondary school education is
very important and it decides the future career of each and every student. The
establishment of higher secondary schools requires more land, sufficient teachers, well
equipped laboratories and other infrastructural facilities.
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Fig. 5. Service Area of Higher Secondary Schools
Fig. 6. Spatial Gaps of Primary Schools

Here the buffer zone encloses 8 km around each higher secondary school; the
buffer zone covers most of the areas in Sivaganga District, leaving very little gaps along the
marginal areas. In most of the places, the buffer zones are found to be merged with each
other (Figure 5).

Spatial Gaps of Primary Schools in Sivaganga District

Sivaganga District is a developing region with all types of facilities, especially in
educational services. There are a total of 1,442 schools in Sivaganga District. Among
these, 1,002 numbers are primary schools. The primary schools educate the beginners.
The primary school students are at the age group of 5-10 years old. It will be very hard for
these kids to move longer distances for education purpose of their own. Some of the places
have more number of schools and some others are very sparse or not even a single school
in the area. These unserved areas were identified as spatial gaps (locational gaps) (Table 1
and Figure 6).

Spatial Gaps of Middle Schools in Sivaganga District

In the year 2011-2012, among 1,442 schools in Sivaganga District, middle schools
accounted with 240 schools. These schools are spread at an uneven distances. According
to the norms of Government of Tamil Nadu, each middle school should serve 3 km of its
surroundings. The distribution of schools should be arranged in such a way that each
school should serve its buffer limits. But the uneven distribution of schools leaves some
areas as the gaps, where the students from such areas are not benefited by the service of
middle schools. These unserved areas are termed as locational gaps of the middle
schools. The buffer zones of served areas are shown by blue colour and the
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locational gaps (unserved areas) are denoted with red colour sketches in the map (Table 1
and Fig. 7).

Table 1. Spatial Gaps (in sq. km) of Schools in Sivaganga District in 2011-2012

. . . Higher
SI. No. Name of the Block grlmary Middle High Secgndary Total
chools Schools Schools

Schools
1. Sivaganga 206.6 95.1 35.1 4.4 341.2
2. Kalaiyarkoil 274.8 158.7 164.3 1.7 599.5
3. Manamadurai 173.2 136.4 42.8 35.7 388.1
4. Thiruppuvanam 166.2 55.8 132.7 30.1 384.8
5. llayankudi 201.7 99.8 1071 50.6 459.2
6. Devakottai 114.4 50.8 72.5 70.6 308.3
7. Kannankudi 127.8 44.3 1374 14.9 3244
8. Sakkottai 205.0 68.4 34.5 11.6 319.5
9. Thiruppathur 141.9 91 39.8 38.8 311.5
10. Singampunari 89.9 94.5 22.1 - 206.5
11. S.Pudur 62.2 32.1 171 17.7 129.1
12. Kallal 214.9 120.2 80.4 4.7 420.2
Total 1978.6 1047.1 885.8 280.8 4192.3

Spatial Gaps of High Schools in Sivaganga District

The high school education of any area is very important for the development of
human power in that area. So the promotion of high school education is very important.
According to the suggestions put forth by the Government of Tamil Nadu, each high school
should serve at least 5 km of its surroundings. There are 104 high schools available in
Sivaganga District in the year 2011-2012. These schools serve their buffer zone. But these
buffer zones do not fully cover the entire study area. Some of the places are left out without
any influence of the high schools and such unserved places are called the locational gaps
of high schools. The pale green colour in the map shows the served areas of high schools
and the red colour shows the spatial gaps (unserved areas) of high schools (Table 1 and
Figure 8).

Spatial Gaps of Higher Secondary Schools in Sivaganga District

Sivaganga District is well endowed with higher secondary schools. In the year
2011-2012, there were 96 higher secondary schools found in the entire District. These
higher secondary schools provide higher education to the student population in Sivaganga
District. A total number of 96 such schools satisfy the educational needs of higher
secondary school age population. It happens that in some of the places, the schools are
concentrated for one reason or other and some of the places are left vacant. In order to
bring out a balance in this, the Government of Tamil Nadu has specified certain norms,
where it is advised to construct higher secondary school at such a distance that each higher
secondary school should serve 8 km of its surroundings. This is called the buffer zone
(service area) of the higher secondary schools. There are also some areas which are not
included in any of the buffer zones or not served by the buffer zones. These uncovered
areas are mentioned as locational gaps.
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Here an attempt was made to search out these locational gaps and suggest a new
location for the construction of higher secondary schools in Sivaganga District. The
locational gaps of higher secondary schools in Sivaganga District were found along the
marginal areas of the blocks like S.Pudur, Thiruppathur, Kannankudi, Devakottai,
lllayankudi, Tiruppuvanam and Sivaganga blocks (Table 1 and Figure 9).

[]

Fig. 7 & 8. Spatial Gaps of Middle and High Schools

Served and Unserved Areas of Spatial Gaps among Primary Schools in Sivaganga
District

During the year 2011-2012, the spatial gaps (unserved areas) of primary schools
are identified with the help of their locations and service areas by generating the 1 km
buffer zones. The total area of Sivaganga District is 4,189 sq. km, whereas the estimated /
identified gaps of primary schools together falls with 1,978.6 sq.km without considering the
landuse/ cover features of the District. Among these areas, Kalaiyarkoil block was identified
with the maximum area of gaps with 274.8 sq.km followed by Kallal, Sivaganga, Sakkottai
and llayankudi Blocks with 214.9 sg.km, 206.6 sq.km, 205.0 sq.km and 201.7 sq.km
respectively. The minimum gaps were observed in S.Pudur and Singampunari blocks with
62.2 sq.km and 89.9 sq.km respectively. The dominant areas of gaps were found in
Kalaiyarkoil block located in the western half of the block.

As per the norms of School Education of Government of Tamil Nadu, the regions or
areas without primary schools could also get the primary education (1% to 5") through the
presence of middle schools. Based on this rule, the gaps of primary schools are intersected
with middle school service areas to find out the areas exactly unserved by primary
education. At last, the unserved areas are reduced and the greater areas of gaps were
found in Manamadurai and Kalaiyarkoil blocks with 77.3 sq.km and 71.4 sq.km respectively.
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The lesser areas of gaps were identified in S.Pudur Block with 7.6 sq.km (Table 2 and Fig.
10).

Served and Unserved Areas of Spatial Gaps among Middle Schools in Sivaganga
District

During the year 2011-2012, a majority of spatial gaps (unserved areas) among
middle school locations were identified by generating the 3 km buffer zones of served
areas. The identified gaps of middle schools were found with 1047.1 sq.km without
considering any kind of landuse / cover features of the District. Among these areas,
Kalaiyarkoil block was identified with the large area of gaps with 158.7 sq.km followed by
Manamadurai (136.4 sq.km) and Kallal (120.2 sq.km) blocks. The smallest area of gaps
was found in S.Pudur block with 32.1 sq.km. The highest area of gaps was found in
Kalaiyarkoil block with two patches of land situated in the northern boundary.

Fig. 9. Spatial Gaps of Higher Secondary Schools
Fig. 10. Primary School Gaps - Served and Unserved Areas by Middle Schools

As per the norms of School Education of Tamil Nadu, the regions or areas without
middle schools could get the middle school education (6! to 8™) through the availability of
high schools. Based on this rule, the gaps of middle schools are intersected with high
school service areas to find out the exact unserved areas of middle school education. At
last, the unserved areas are reduced and the large level of gaps was found in Kalaiyarkoil,
Kannankudi and Devakkotai blocks with 28.2 sgq.km, 26.9 sq.km and 25.2 sqg.km
respectively; whereas the least area of gaps was identified in S.Pudur block with 2.2 sq.km
(Table 2 and Figure 11).
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Fig. 11. Middle School Gaps - Served and Unserved Areas by High Schools
Fig. 12. High School Gaps - Served and Unserved Areas by Higher Secondary
Schools

Served and Unserved Areas of Spatial Gaps among High Schools in Sivaganga
District

In the year 2011-2012, a majority of spatial gaps (unserved areas) in high school
locations are identified by generating the 5 km buffer zones of service areas. The identified
gaps of high schools were found with 885.7 sq.km by neglecting the other kinds of landuse/
cover features of the District. Among these areas, Kalaiyarkoil block was identified with the
large area of gaps with 164.3 sq.km followed by Kannankudi and Thiruppuvanam blocks
with 137.4 sq.km and 132.7 sq.km respectively. The smallest area of gaps was found in
S.Pudur block with 17.1 sq.km. In Kalaiyarkoil block, the gaps were found in the
northeastern, western and southern borders of the block.

As per the norms of School Education of Tamil Nadu, the regions or areas without
high schools could get the high school education (9" and 10") through the available of
higher secondary schools. Based on this rule, the gaps of high schools are intersected with
higher secondary school service areas to find out the exact unserved areas of high school
education. At last, the unserved areas are reduced and the largest gaps were found in
Devakkotai and Thiruppuvanam blocks with 43.2 sq.km and 27.7 sq.km respectively. The
entire high school gaps of Sivaganga, Kalaiyarkoil and Singampunari blocks got benefited
from higher secondary school services (Table 2 and Figure 12).
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Served and Unserved Areas of Spatial Gaps among Higher Secondary Schools in
Sivaganga District

In the year 2011-2012, a majority of spatial gaps (unserved areas) among higher
school locations are identified by generating the 8 km buffer zones of service areas. The
identified gaps of high schools were found with 280.8 sg.km without considering the
landuse/ cover categories of the District. Among these areas, Devakkotai and llayankudi
blocks were identified with 70.6 sq.km and 50.6 sq.km respectively. The only block which
has no gaps in the District was Singampunari (Table 2 and Figure13).

Table 2. Spatial Gaps (in sq.km) Served by other Categories of Schools in Sivaganga
District in 2011-2012

14
13

Fig. 13. Higher Secondary School Gaps - Served and Unserved Areas
Fig. 14. Unserved Spatial Gaps of Schools - All Categories
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Unserved Spatial Gaps of School Locations

During the year 2011-2012, the spatial gaps of all school categories were classified
into two types as served and unserved gaps. Here the served gaps are the areas which get
benefitted from other categories of schools. The blocks which received maximum benefits
were Kalaiyarkoil, llayankudi and Kallal with 498.2 sq.km, 344.9 sq.km and 340.3 sq.km
respectively. The lowest area of served gaps was found in S.Pudur block with 100 sq.km.
Among the unserved areas, Devakkotai block stands with maximum area of 164.8 sq.km
followed by Manamadurai and Thiruppuvanam blocks with 130.2 sq.km and 123.8 sq.km
respectively. The lowest unserved area was identified in S.Pudur block with 29.2 sq.km
followed by Singampunari with 39.2 sq.km (Table 2 and Fig. 14).

Conclusions

Geographic Information System is a widely used tool for the studies based on
spatial locations. In this study, the service areas and spatial gaps of primary, middle, high
and higher secondary schools were identified for the year 2011-2012 with reference to their
service areas (buffer zones) of primary, middle, high and higher secondary schools (1 km, 3
km, 5 km and 8 km respectively) using ArcGIS software. Among the spatial gaps of different
school categories, the maximum area of primary school gaps were found in Kalaiyarkoil
block followed by Kallal, Sivaganga, Sakkottai and llayankudi blocks. These gaps of
primary schools were intersected with middle school service areas to find out the unserved
areas of primary education. Finally, the unserved areas were reduced and the large levels
of gaps were found in Manamadurai and Kalaiyarkoil blocks.

The identified gaps of middle schools with maximum areas were observed in
Kalaiyarkoil, Manamadurai and Kallal blocks. Further, the gaps of middle schools were
intersected with high school service areas to find out the exact unserved areas of middle
school education. It was found that the unserved areas were reduced and the major gaps
were found in Kalaiyarkoil, Kannankudi and Devakkotai blocks. While studying the high
schools, Kalaiyarkoil block was identified with the large area of gaps followed by
Kannankudi and Thiruppuvanam blocks. However, the spatial gaps of high schools were
intersected with higher secondary school service areas to find out the exact unserved areas
of high school education. The unserved areas of high school education were reduced and
the maximum gaps were found in Devakkotai and Thiruppuvanam blocks. At last, the
spatial gaps of higher secondary schools were found maximum in Devakkotai and
llayankudi blocks, and the only block with not even a single gap in the District is
Singampunari.

Finally, the spatial gaps of all school categories are classified as served and
unserved gaps. Here the served gaps are the areas which are benefitted from other
categories of schools. The highest served gaps were found in Kalaiyarkoil, llayankudi and
Kallal blocks; and the lowest served gaps were found in S.Pudur block. Among the
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unserved areas, Devakkotai block stands with maximum area followed by Manamadurai
and Thiruppuvanam blocks; and the minimum area was identified in S.Pudur block followed
by Singampunari Block.
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Abstract

One of the major changes noticed in the rural economy particularly in the recent past is fast
employment diversification (ED) among the rural workers. The patterns are different and the
reasons are many. Generally rural workers have been taking up new business and jobs.
This aspect has been widely studied by many, but mostly using secondary data at macro
level. The causes of and the patterns of ED and their impact on household economy and
village economy are complicated and specific to each household and to each village.
Hence, macro level studies are bound to bypass some of the important issues and insights
that may be useful for appropriate policy prescription. Studies are not sufficiently available
to meet this requirement. Hence, the present study has been conducted to survey two
villages in Tiruchirappalli District. The study finds that the rural poor are now prepared to
move out of the villages in search of better jobs. However, they are yet to be better
equipped with modern skills to take part in non-farm activities.

Keywords: Employment diversification, Farm size, Non-farm employment, Main source of
income

The Setting

The pattern of economic activities pursued by a person depends mostly on the skill
and resource pattern available with / to him or her. However, the decisions regarding what
kind of skill or resource is to be used and for what purpose are determined by the relative
remunerative capacities of the skill or resource which are again influenced by the kind of
demand for the activities and development that is taking place around them. Government
intervention, in the economic activities in countries like India in the form of control, support,
regulation etc., also influences very much the relative remunerative capacities of various
activities. Hence, those who could adjust to these changes could sooner gain the fruits of
economic development while the others, who find it difficult to cope with the changes,
remain lagging behind. Those who could adjust to the developments are able to change or
take up new occupations depending upon the relative remunerative capacities of the
occupations, available and possible to them. This process of change could be briefly called
employment diversification (ED). This diversification could happen vertically or horizontally.
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The extent of ED could be assessed for every individual, household or for an economy on
the basis of time spent or / and money earned from different activities at a particular point of
time ( horizontal) or over a period of time (vertical).

The process of ED, its pattern as well as pace are determined by various sets of
factors viz., internal and external, and socio-economic and political factors. The advantages
or disadvantages of ED are again influenced by various sets of factors. However, under the
present conditions, ED is increasingly felt to yield better results and lead to improvement in
the economic and social status.

For generating income in a rural economy, the villagers have to multiply the existing
sources, find new sources or to deepen the existing sources of income. Which way one
would go depends on many factors such as one's knowledge on various activities, resource
position, and the market for various products and so on. Particularly after the green
revolution, Indian farmers have been given more choices in technology, crops and
activities. Thanks to development in transport, rural areas have been connected by roads
which facilitate transport of goods to the urban markets in search of higher prices and also
facilitate migration (temporary or permanent) to urban areas in search of higher wages. On
the other hand, lower status attached to agricultural works, fall in real wages in rural areas,
unfavorable terms of trade for agricultural sector and increased demand for modern goods
and services due to persuasive advertisements in the mass media have forced the villagers
to find new and multiple income sources.

Due to the above reasons and many other reasons, the proportion of non-farm
employment (NFE) in the rural areas has been increasing not only in India but in many
other countries as well (Singh, 1993). In the same way, the number of studies on
diversification has also been increasing. Many studies have attempted to identify the
process, nature, determinants and the effects of ED. However, most of them have based
their studies on secondary data (like population Census, National Sample Survey etc.) and
at macro level. The difficulties in collecting primary data at household level have acted
as hindrances for attempting the micro level studies. There are advantages and
disadvantages with both the kinds of methods. Which one has to be chosen is mostly
determined by the nature of requirements. The available studies indicate the following:

1. The extent of ED has been increasing over the period of time (Pravin, 1995) due to

the following possibilities:

a. As the best available employment opportunities are normally pursued, there is
a greater likelihood for rising income at household level.

b. If the income sources are spread and the number of revenue generating
activities is multiplied, the stabilization of household income is possible.

c. When households take up different employments, the unemployed or under-
employed persons in a household can also take up some jobs depending upon
the capabilities. This has happened in many villages, where new economic
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activities like gem cutting, korai processing, mat weaving etc. have recently
come in (Saleth, 1995). The persons, mostly women belonging to forward
communities (and those whose going outside the house is socially prohibited or
physically constrained), also get some opportunities for utilizing their labour for
earning within house premises.

d. The increase in number of activities also extends the possibility of integrating
different enterprises. The best example is silk and milk. The cow dung is used
to raise mulberry plants and the extra mulberry leaves after feeding their silk
moth, are used to feed the cows.

2. The diversification is in favour of non-agricultural and non-rural occupations (Pravin,
1995).

3. The pace of diversification is explained by both individual efforts and government
policies relating to agriculture, rural development on the one hand and the policies
relating to other sectors and the process of urbanization (Vaidyanathan, 1994) on
the other hand.

4. The nature and extent of ED at village level is explained by the resource patterns
in the villages, location of the infrastructural facilities, particularly the availability of
transport facilities (Singh, 1993), market etc., size of the villages (Basant,1993),
level of literacy, the type of development that is going on around the villages etc..
Similarly, the nature and extent of ED at household and at individual levels are also
explained by various factors.

However, the studies that have assessed the extent of ED at macro level could
not go deeper into the household level. Hence, they are likely to miss very useful and
important information and insights. In this context, a micro level study is felt necessary for
proper understanding of phenomenon with all its dimensions. The present study thus finds
its context. The following are the major objectives of the study: (a) to study the extent of ED
in villages with different characteristics; (b) to find out the factors influencing the process of
ED at household level; and, (c) to assess the consequences of ED on the household and
on the village economies.

Database and Methodology

In terms of the per cent age of rural male non-farm workers (RMNFWs) to total
workers, Tiruchirappalli District [17.55%)] is closer to the state average [21.18%]. Hence,
this district has been selected for intensive study. This district consists of 10 taluks. Among
them, Tiruchirappalli taluk gets the highest per cent age of RMNFWs (42.92%). This is
mainly due to the fact that this taluk is formed by larger urban area. This taluk consists of
89 villages. All these villages have been ranked on the basis of population and distance
from Tiruchirappalli town. From this list of villages, two villages with almost similar
characteristics have been chosen. They are Vengur and Thayanur. Ten per cent of
households in each of these two villages have been selected for an in-depth survey.
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Schedules used for this purpose consist of questions on socio-economic background,
personal resource position, resource utilization pattern and pattern of purchase and sale of
goods and services by the households.

Concepts
Employment Diversification

ED refers to the extent to which members in the selected households have
engaged in different activities. The activities could be agricultural and non- agricultural or
rural based and non-rural based. While all agricultural activities are rural based, some of
the non-agricultural activities could be either rural based or non-rural based. And, there is
no urban based agricultural activity.

The extent of ED could be measured in terms of per cent age of hours spent on
different activities and / or income received from different activities. These can be worked
out for every individual and / or for every household. However, as the lands are owned and
operated jointly by [mostly] all the household members, it would be difficult and may be
meaningless to trace the share of each member in the total income from agricultural
operations. It is also possible sometimes that one or two members in a household may be
full-time employee(s) in the non-rural non-farm activities. Even then, it is hardly feasible for
them to be completely away from agricultural operations. The same kind of problem may
arise with respect to the time criterion also. Under these circumstances, it is better to
assess the extent of ED at household level not at individual level.

Both income and time criteria suffer from some shortcomings. The income earned
from different activities is not necessarily directly proportional to the time spent on those
activities. Longer duration of time may be spent on some activities which may not yield so
much income. For instance, the income from agricultural operations is not necessarily the
function of time spent on these operations, but on many more factors. Whereas, wage
income is directly proportional to the time spent. Hence, the amount earned from different
activities by a household has been used in this study to construct the index of ED.

Non-Farm Income

Non-farm activities include quarrying, industrial works, gem-cutting, painting, and
the jobs of drivers, conductors, local business men, traders, tailors, teachers and other non-
rural occupations. In Vengur, as much as 24 persons from the sample households are
employed in Bharat Heavy Electricals Limited (BHEL) and other ancillary units. The
employees in BHEL get a better salary than that prevails in agricultural sector. In Thayanur,
majority of the non-farm workers are employed in a quarry (27) located in a nearby village.
Some of them are on contract basis and some of them are casual labourers. This
proportion may also change then and there. These workers get a very low wage, ranging
from Rs. 16 to Rs.25 per day (in the year 1996). The farm-income refers to the income from
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cultivation of crops and vegetables, agricultural labour and allied activities such as animal
husbandry, poultry and also so on.

Main Sources of Income

Among all the sources, the source which gives the maximum income is defined as
main source of income. If there are only two activities pursued by a household, then, the
source which gives more than 50 per cent of the household income would be considered
major source of income. However, when there are more than three activities, the activity
which claims the maximum per cent age share in the household income could form a major
source of income.

Farm Size

Besides landless households, land owning households have been grouped into four
viz., marginal, small, medium and large, depending on the land ownership status; the farm
categories are 0.1 to 1.0 acre, 1.10 to 2.00 acres, 2.10 to 5.00 acres, 5.10 acres and above
respectively.

Non-Workers

Non-workers are defined by usual status. Some of them might have taken up some
job or other in their life-time. However, those who have not joined the workforce on regular
basis are defined as non-workers. This category mostly includes the children [school going
and pre-school], women mainly engaged in domestic activities, the aged and handicapped
persons.

Working Place

Working place is defined as the place where majority of the time is spent on earning
income. Definition is slightly difficult in the case of traders, brokers and vendors who move
from place to place, between villages and towns. Here the time criterion has been used to
identify such persons with location. The categories have been identified on this basis. They
are within the village, in nearby villages and in towns. In majority of the cases, town refers
to Tiruchirappalli and its surroundings. In case of Vengur, majority of the non-rural workers
are employed in ancillary units of BHEL in Thiruverambur. In Thayanur, majority of them
are engaged in quarrying in a nearby village, petty trading, trading of vegetables, painting
and cleaning and repairing the automobiles.

Produces Sold / Purchased Outside

The ultimate production or consumption point has been considered for the
consumption goods and agricultural inputs. For instance, the groceries and cosmetics could
have been purchased from the shops within the villages. However, most of them would
have been produced / manufactured outside the village, hence they are considered as
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purchased from outside the village. In the case of purchased inputs also similar logic has
been adopted.

In the case of agricultural produces, they are either sold outside the village directly
by the farmers or sold to the commission agents within the village, who take those produces
and sell outside the village. Hence, almost all the quantities go outside the village only. In
this case, the quantities sold directly by the farmers alone are considered, however, to have
been sold outside. Here it is interesting to note that even the agricultural labourers sell
some agricultural produces [that are obtained as kind-wages] outside the village for the
immediate requirements of money. Then, when they are in need of the same produces,
they again purchase from the market (normally at higher - prices] or from Ration Shops at
lower prices.

Scheme of Presentation

Section | introduces the problem of the study. Section Il presents the ED at district
level in Tamil Nadu and taluk level in Tiruchirappalli District . Third section discusses the
socioeconomic profile of the study villages and the respondents, in such a manner to
investigate how such profile have acted as the determinants of the pace and pattern of ED;
the extent of ED; and explores the possibilities for the development of the households
and generalises those results for the study-village economies. Inferences are presented in
the last Section.

Limitations of the Study

Two similar villages have been studied with a view to control many of the variables
that are likely to influence the level, pattern and pace of ED. Hence, the results of this study
would be applicable only to those villages which have got the similar characteristics of the
study villages.

Non-farm employment in Rural Tamil Nadu

The proportion of rural NFE in Tamil Nadu has gradually increased from 19.15 per
cent in 1971 to 19.19 per cent in 1981 and further to 20.60 per cent in 1991. Almost
similar trend is observed in all the districts of Tamil Nadu between 1981 and 1991. Madras
district has been excluded from the analysis for, it does not have rural workforce at all. In
districts like Chengalpattu, North Arcot and Coimbatore, the improvement is very
substantial. This kind of comparison is however, not possible for Tiruvannamalai, Dindugal,
Pasumpon, Kamarajar and Chidambaranar districts, which have been formed after 1981.
Ramanathapuram district shows a sharp decline in the extent of rural NFE. This is mainly
due to trifurcation of the district. Similarly a marginal decline is observed in South Arcot and
Tirunelveli districts because of bifurcation of those districts.
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The levels of NFE are however, not uniform in all the districts of Tamil Nadu. In this
respect, the districts like Dharmapuri, Tiruvannamalai, South Arcot, Madurai and
Pasumpon are at the bottom. Coimbatore, Thirunelveli and Kanyakumari districts are at the
top. Almost all those districts with low level of NFE are in dry belt and literacy levels there
are also lower. The districts at the upper end enjoy very high literacy rates. Coimbatore has
been experiencing fast pace of industrialisation and urbanisation. The mapping of district-
wise details on NFE shows the location effect. For instance, Kanyakumari, Tirunelveli and
Coimbatore [also Madras] districts with high level of NFE do have influence on the
neighbouring districts. Whereas, the districts that are far from those highly diversified
districts have got very low level of NFE.

Non-Farm Employment in Rural Tiruchirappalli

Tiruchirappalli District is closer to its State average in case of extent of rural NFE.
This district, similar with the State, has also shown a marginal increase in the level of non-
farm employment. The taluk-wise analysis in Tiruchirappalli District indicates that the rural
based taluks and taluks with dry agro-climatic characters have got very low level of ED.
Whereas, Tiruchirappalli and Karur taluks with high degree of urbanisation (per cent age of
urban population in taluk total population) and literacy rates, have higher level of NFE.
These two taluks also seem to have influenced the neighbouring taluks namely Lalgudi,
Musiri and Manapparai, where the extent of non-farm employment is between 20 and 30
per cent.

Determinants of the Extent of NFE

The above discussion suggests that the degree of urbanisation, literacy rate and
extent of commercialisation in agriculture are some of the major factors that influence ED in
rural Tamil Nadu. The simple linear correlation coefficients indicate that all the variables
considered have positive association with the extent of rural NFE, both at State [Tamil
Nadu] and district [Tiruchirappalli] levels. Though none of the correlation coefficients is
statistically significant, literacy at both State and district levels and degree of urbanisation at
district level have stronger association with the extent of NFE in rural areas. This is true at
both the points of reference viz., 1981 and 1991. It is interesting to note that the strength of
relationship of those variables at those two points of reference have not changed much. For
instance, the correlation coefficient between degree of urbanisation and the extent of rural
non-farm employment at district level in the year 1981 [r=0.86] is equal to that in the year
1991 [r=0.86]. Almost similar is the case with other variables also.

The collective influence of the independent variables considered on the extent of
rural NFE is indicated by multiple linear correlation coefficients. At district level, those
independent variables appear to explain the variation in the extent of rural NFE in a better
manner than what they do at the State level. This is true again in both reference years.
Excepting the degree of urbanisation (that too, only at district level in 1981 as well as in
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1991), no other factor seems to have statistically significant association. The actual strength
of the other factor could, perhaps, be greater at the village level, and be captured by village
level study on NFE.

The analysis of relevant data (available in secondary sources like Census Reports,
Season and Crop Reports and District Census Handbooks) lead to suggest the following:

1. The process of ED has started operating in all the districts of Tamil Nadu. As a
result, the proportion of NFE in the rural areas is on the increase.

2. Though there may be many variables, the extent of urbanisation and literacy levels
of the districts and taluk in Tiruchirappalli District have closer, stronger and positive
association with the extent of rural NFE.

3. There may be other factors [whose influences are not captured in the secondary
data] at village levels which are very contributing to the rise in the extent of NFE at
village levels. In this respect, village level studies such as the present one, may
give more insights of this process of ED in the rural sector.

Profile of the Study Villages

As already mentioned Vengur and Thayanur are almost similar in size of
population, level of irrigation and distance from Tiruchirappalli town and extent of NFE.
However, there are many bore wells; and sales and purchase of water are frequent in
Thayanur, while they are almost absent in Vengur. Both the villages have Village
Administrative Offices and Schools within the village. They are equally well connected by
bus transport facilities and have good roads. However, differences do exist between them.
Major differences are in cropping patterns, occupation, and caste compositions, land
holding patterns and so on. More details could be observed by discussing the villages
separately.

Vengur

Vengur and its hamlets are located in north eastern side of Tiruchirappalli and the
western side of Kallanai, very close to Thanjavur district. All the buses going to Kallanai
from Tiruchirappalli Junction Bus Stand and from Main Guard Gate touch this village. This
village has got majority of the characteristics that are similar to that of old delta region of
Thanjavur district. This is also closer to Thiruverambur where a large number of small scale
industries and a giant industry called BHEL are located. Some of the BHEL employees
working in the Water Pumping Station are also having their families in this village. Besides
them, there are Scheduled Caste (SC) households in a separate hamlet, and they are
mostly landless agricultural labourers. Almost 50 per cent of the households in this village
are landless agricultural labourer households. The land owning backward community
households, who are more in number, live in the main village, where, one could see very
old houses, constructed more than 50 years back. These houses themselves could speak
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that the owners are traditionally rich but now they do not give much attention to the
maintenance of these buildings, for they are looking out to permanently migrate to other
places. From the list of households, it is very clear that already some of them have left the
houses. Hence, many houses are vacant and at moribund stage now. Perhaps they may
belong to forward communities, who in Tamil Nadu have moved out of the villages in search
of higher economic and political power. Now, there are only very few forward community
households in this village. As seen in the primary data analysis, a high proportion of the
residents are now employed in BHEL and in the engineering units located around villages.

The mono-culture cropping pattern (i.e. 87 per cent of lands under paddy crop)
combined with higher and assured wage in the adjusting industrial estates have been the
major reasons for these households seeking employment in industrial sectors. Though
paddy is a very labour intensive crop, the labourers are mostly from the SC households
within the village and from outside the village. The traditionally and relatively richer
households, it seems, could educate their wards with the proximity to the township, and
they do not want to work in the mud and clay. Looking at the present condition of the village
economy and changes that are taking place around this village, it is hoped that this trend
will continue and become stronger in the future. The paddy lands will gradually disappear
and that shall be used for construction of houses and plants for, new industries will
encroach upon the agricultural lands and agricultural operations by the residents shall
decline in future.

Thayanur

This village is located in the South Western side of Tiruchirappalli town, well
connected by road-transport. Though there are some similarities between the two study-
villages in some respects, differences are also obvious. This village resembles the villages
in New Delta Region of Thanjavur district. This village with multi-crop pattern, adding more
and more lands for the cultivation of vegetables, appears to be relatively prosperous.
Traditional crops are disappearing and new crops are coming in. People are confident of
getting good revenue from vegetable cultivation. Paddy is mainly cultivated for domestic
consumption. The other crops are raised for revenue purpose.

This village is also dominated by backward communities namely Muthiriyer [as they
call themselves, but might belong to Ambalakarar communities, which is in the lower
hierarchy of caste system in Tamil Nadu]. SC families and Yadava families are living in two
separate streets. They are small and medium land holders with small houses, traditionally
poor but now fighting strongly to succeed their misfortunes.

Exchange of agricultural labourers between the villages is common here. The
reason for this kind of labour use pattern appears to be more of sociological. Economic gain
is also implicit. The landless agricultural labourers do not want to work for their native
masters regularly but want to show that they can work in other villages too. Thus, they
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think, they could exhibit their independence and which in turn would increase their wages in
the market. Whenever there is labour-deficit, contract wage system is undertaken, by which
same number of labourers can work hard for longer duration, so that, they can obtain higher
share in total wage. This is also in a way helpful to tackle the problem of labour shortage in
the buy seasons. This kind of labour shortage is howadays quite frequent and common as
some of them move for NFE. The diversification of crops also helps to tackle the problem of
shortage of labour, for different crops demand labour in different periods, and in different
proportions.

The level of NFE here is almost as same as that in Vengur. Quarrying, painting and
gem cutting are some of the major activities among them. It is very strange to see about 20
boys from SC community in this village to be working as painters regularly. Painting is their
main source of income. As it is seen, more and more boys get into this profession. When
the field work was going on in the village [during Dec.1995 and January 1996], two major
political parties were organising their state level conferences [Dravida Munnetra Kazhaham
on January 26, 27, and 28, 1996, and All India Anna Dravida Munnetra Kazhaham on
February 7, 8 and 9, 1996 in nearby town viz., Tiruchirappalli] for which painting work had
started right from December 1995 instant. One could easily see the paintings and writings
in almost all the walls in Tiruchirappalli town. This required a lot of manpower and that
helped some of the workers of this village to get training in painting from their elders and
senior ones in this field.

Another interesting phenomenon which one could easily notice in this village is
cutting and collection of fuel wood by men and women folk [mostly women]. For getting fuel
for cooking purpose for an average family for four days [one head load] one man day has to
be spent. This is collected from babul trees in Porambokku lands located one and five km
away from this village. Heaps of these fuel woods are found in front of all the houses in this
village. Though not at a greater scale, marketing of this fuel wood in small quantities is also
observed here. However, this is not so visible in Vengur.

As far as education is concerned, though a middle school has come up in this
village, the number of graduates and post graduates is very small. A majority of them are
yet to get suitable jobs, hence, the followers are reluctant to proceed for higher education.
The selected villages are different in many respects. Though the levels of irrigation are
almost equal in the villages, the sources are different; soil and crops are also different. As
far as agrarian and social structures are concerned, the villages are very much different.
Though the extent of ED is almost uniform in the study villages, the patterns are different.
Vengur appears to be outward looking economy. Agricultural operations are still given more
importance in Thayanur.

There has been a significant shift in crop pattern in favour of commercial, short-
duration and immediate cash fetching crops like sugarcane, banana, vegetables and
flowers. This has resulted in the difference in the composition of agricultural income.
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Though the changes have occurred in both the villages, this is more prominent, fast and
diversified in Thayanur as compared to that in Vengur.

Animal husbandry appears to be one of the activities of almost all the households.
However, the households appear to have their own preferences towards buffaloes,
bullocks, sheep, goats; the direct contribution to household income by animal husbandry
however, does not appear to be significant.

The extent of dependence of the households on outside village (particularly urban
economy) both for the purchase of agricultural inputs, consumer goods as well as for sales
of agricultural produce is substantial. To that extent, the village economic activities could be
considered to be influenced by different kinds of markets and market forces. This would
also be one of the reasons why the rural households are forced to take up non-traditional
jobs. Thus, the rural economic activities have also been gradually coming under the
controls of non-rural market forces. This could be stated as one of the achievements of the
modern economic development. As far as working places are concerned, now a greater
portion of the households have started moving out of the villages and mostly to the nearby
towns. And many of them belong to the categories of landless labourers and marginal
farmers. By community, most of them are from SC and MBC.

In the last five years, the number of households who depend on agricultural
operation for major portion of their income has declined. More than 50 per cent of the
households in each village draw some portion of their income from non-farm sector.
However, the extent of ED is different for different farm size groups and caste groups. The
SC and landless labourers are more in search of new jobs in the non-farm sector. A sizable
portion of the big farmer households have also joined non-farm occupation in Vengur.

More than 50 per cent of the households who get income from non-farm sources
get more than 50% of their household income from non-farm sources. Thus, the NFE is
gaining its importance in the rural economies and help the rural poor to improve or at least
maintain their economic status, whatever they have.

Conclusions

The importance of non-farm activity particularly in improving the economic status of
the rural poor cannot be over emphasised. The rural poor are also now prepared to move
out of the villages in search of better jobs. However, they are yet to be better equipped with
modern skills to take part in non-farm activities, without which they might find it difficult to
survive in the new economic policy regime, where protection measures are gradually
withdrawn and only those who have sufficient purchasing power can lead a normal life.
Under these circumstances, it becomes necessary on the part of the government to see
that non-farm activities are created for people with different skills around the villages and
also provide opportunities for the rural poor to improve their skills so that they can easily
diversify their economic activities.
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Abstract

Rainfall is one of the most important climatic elements and its distribution differs from time
to time, season to season and place to place, which determines the cropping pattern of an
area. In India the farmers mainly depend on monsoon season for agricultural practices.
Southwest monsoon and northeast monsoon together serves maximum rainfall to the
nation. The present study deals with the rainfall characteristics of Coimbatore district which
includes the spatial distribution of rainfall, rainfall variability and precipitation ratio, these
three parameters are most important in Rainfall analysis. For this study 30 consecutive
years (1983-2012) monthly rainfall data were collected and analyzed from 29 rain gauge
stations. The long-term rainfall analysis reveals the gradual changes of rainfall of the study
area. The long term mean annual rainfall of the study area is 1119.63mm, the maximum
long-term mean annual rainfall recorded at Annamalai Nagar with 1412mm whereas
minimum mean annual rainfall has been distributed over Kallipalayam with 411mm. In terms
of mean seasonal rainfall of the study area northeast monsoon was received maximum
amount of rainfall with 647.71mm followed by southwest monsoon, winter and summer
season with rainfall 334.26mm, 95.52mm and 46.14mm respectively.

Keywords: Climatic elements, Cropping pattern, Southwest monsoon, Northeast monsoon,
Rainfall abnormality

Introduction

All of the natural conditions, rainfall should be regarded as the fundamentals so far
as progress of the society is concerned. Rather it has always been treated as a
fundamental sector for the total development of the society A.R.Subramaniam (1992).
Rainfall is a crucial agro-climatological factor in the seasonally arid parts of the world and its
analysis an important perquisite for agricultural planning in India, Alak Gadgil (1986). In
India, more than 75% of people directly or indirectly depend on agricultural sector for their
livelihood; one of the significant characteristics of Indian agriculture is that, it depends on
monsoon season. Southwest and northeast monsoon together contribute nearly 90% of
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rainfall. Rainfall is one of the important climatic factor which deciding the success and
failure of the crop in an area and its distribution determines the cropping pattern of a region.
It is not evenly distributed it changes in terms of place and time. The unevenness in receipt
of this monsoon over space and time thus make it an important parameter for thorough
analysis (Jagannadhasharma, 2005). Although the subject of climate change is vast, the
changing pattern of precipitation deserves urgent and systematic attention as it will affect
the availability of food supply (Dore, 2005). Despite the problems, the most comprehensive
studies so far, notably Groisman et al. (1999) and Frich et al. (2002), did find evidence for
significant large-scale changes in temperature and precipitation extremes during the latter
half of the twentieth century. The systematic study of long-term rainfall reveals the actual
characteristics of the rainfall distribution in an area, which includes seasonal and annual
trends, variability and its abnormality. All this information will help various agronomic
activity. So, rainfall analysis has much more importance among countries like India. The
present study made to understand the rainfall of the region, the highland receives more
rainfall than nearby lowlands, especially in their wind ward sides as a result of orographic
lifting characters of the region G.Vennila (2007). It discusses spatial distribution of rainfall,
variability and its abnormality. For this study GIS techniques were used for analysis and
preparation of appropriate maps.

Study Area

Coimbatore district is situated on the banks of river Noyyal between 11° 00' of north
latitude and 77° 00" of East longitude. The total area of Coimbatore district is 254 kmZ2
Coimbatore is located at an elevation of about 398 meters. The mean maximum and
minimum temperatures during summer and winter varies between 35°C to 18°C. The
highest temperature ever recorded is 41°C and lowest is 12°C. Due to surrounding
mountains on the west, with reserve forests on the northern side. The eastern side of the
district, including the city is predominantly dry. Coimbatore is one among the industrially
developed and commercially vibrant districts of Tamil Nadu. It has got high concentration of
small scale industries medium and large scale industries. It is known as the Manchester of
South India because of its well-developed textile industry and other industrial base. The
third largest city of the state.

Fig. 1. Location of Coimbatore District
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Database and Methodology

Twenty nine rainfall stations were chosen for the Study. Daily Rainfall data for 30
consecutive years have been collected for the years from 1983 to 2012. Rainfall data has
been processed in excel and hence seasonal and annual rainfall pattern, co-efficient of
variability and precipitation ratio of the study area has been found out. The collected data
have been analysed and represented with appropriate maps using GIS software. Inverse
distance weighting (IDW) method has been adopted for the interpolation of rainfall data.
The point rainfall data collected from the statistical department of Coimbatore district has
been analysed and average annual rainfall has been computed.

Results and Discussion
Mean Seasonal Rainfall

Winter

According to the rhythmical changes in the climatic element, the year is divided into
four well-marked seasons. They are winter (Jan - Feb), summer (Mar - May), southwest
monsoon (Jun - Sep) and northeast monsoon (Oct - Dec). The southwest and northeast
monsoons are the two main seasons for agricultural activities. However, the southeast
monsoon accounts for largest share in the total annual rainfall within short spell. The winter
rainfall in the months of January and February. Highest rainfall in this season is recorded in
the area Anaikatti and its surrounding area and the lowest rainfall is recorded in the Sulur
region. The most of the parts of the study area is distributed by moderate rainfall. The
spatial pattern of winter rainfall is unique and totally different from other seasons. Fig no.2
shows the spatial distribution of Rainfall during winter season.

Summer Rainfall

Summer receives more rainfall than the winter because the district is under rain-
shadow region which is located in the leeward side of Western Ghats. Since the rainfall is
confined to summer convection the variations in rainfall depend on purely local phenomena
and the summer rainfall is associated with thunderstorm showers.

When compared with other parts of Tamil Nadu the summer rainfall is moderately
high in the study area. A trough of high rainfall zone moves to the northeast in and around
Upper Nirar Dam. The trend follows the mean annual rainfall distribution. On contrast to
winter, Lower Nirar Dam receives the low rainfall. Figure 2 shows the spatial distribution of
rainfall during summer season.

Southwest Monsoon

The study area receives 44.7% of rainfall during this season. It is mainly associated
with southwest monsoon rain bearing winds and elevation of topography. Kripalani et al.
(2007) predict an increase in monsoon precipitation associated with intensification
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of pressure gradient during the establishment phase of the monsoon. The rainfall increases
succeeding following the normal, moderate and high rainfall zones, notably in the southern
part whereas the northern rim of the district with normal. Accordingly, the area under the
lowest rainfall is also successively decreasing in the mid-portion of the study area. Fig no.2
illustrates the spatial distribution of rainfall in southwest monsoon.

Northeast Monsoon

The study area receives 34.5 % of the total annual rainfall during this season. The
northeast monsoon followed almost the same trend of mean annual rainfall which
exemplifies the dominance and intensity of northeast monsoon over the study area. The
highest rainfall zone during this season concentrated over TNAU in the central part of the
study area, which receives more rainfall. Rainfall increases towards east and extreme south
of the study area comes under low and normal rainfall category. Fig no.2 illustrates the
spatial distribution of rainfall in northeast monsoon. The lowest coefficient of variation
observed during NEM indicates that this monsoon is a stable one as has been recorded by
Dhar et.al, (1982).

From foregoing analysis on the spatial pattern of rainfall during annual, winter,
summer, southwest and northeast monsoon, it is noted that Valparai taluk office is the
breaking point station from where the rainfall increases or decreases on either side as the
case may be. In general, as the study area is bordered by hills except the north-east
opening of the valley portion, it receives the highest rainfall in the northern and southern
boundary of the study area. In contrast, the interior part receives relatively low — very low
amount of rainfall as the area lies in the rain-shadow region of the valley floor. It is inferred
that during all seasons except winter, the spatial distribution of rainfall pattern is controlled
by elevation of the terrain.

Mean Annual Variability

According to Trewartha, the variability of rainfall may be defined as the deviation
from the mean. The coefficient of variability has been worked out by using standard
deviation method for the series of years. The variability gives the stability of rainfall in the
district.

Coefficient of Variability = SD/Mean x 100
where, SD = Standard Deviation = V=d2/n

The coefficient of variability of rainfall is the standard deviation from the mean
expressed as percent of the mean annual rainfall. The isolines have been drawn on the
basis of values compiled for 29 stations in order to bring out the spatial pattern (Table 2.).
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Table 1. Mean Annual Seasonal Rainfall

Station Name Mean Annual Seasonal Rainfall
Winter Summer Swm Nwm Annual Mean
Aliyar Nagar 26 175 302 398 902 226
Anaikatti 47 306 268 610 1231 308
Anaimalai 34 382 2983 504 3902 975
Annur 15 126 177 283 600 150
Attakatti 34 272 405 589 1300 325
Chinna Kallar 18 88 260 398 764 191
Coimabatore Town 12 101 189 330 632 158
Kallipalayam 10 83 102 216 411 103
Kumaralingam 14 90 121 291 516 129
Lower Nirar Dam 13 78 154 321 566 142
Makkinampatti 44 182 167 403 796 199
Mettupalayam 33 135 187 402 758 189
Negamam 15 186 350 423 975 244
P N Palayam 26 154 227 533 941 235
Peelamedu 12 101 125 564 803 201
Podanur 18 131 134 300 583 146
Pollachi 18 111 125 423 677 169
Sarkarpathy 18 140 189 387 734 184
Sethumadai 16 143 354 398 911 228
Solaiyar Nagar 22 133 102 339 596 149
Sulatanpet 32 335 2909 498 3774 944
Sulur 9 158 165 294 627 157
Tholampalayam 10 159 136 453 758 190
TNAU 12 1243 173 1813 3242 810
Top Slip 28 123 1892 435 2478 620
Upper Nirar Dam 12 1702 445 398 2557 639
Valparai Taluk Office 30 335 3983 602 4950 1238
Varadharajapuram 36 349 2234 499 3118 780
Vettaikaranpudur 13 125 402 304 844 211
Mean 22 264 664 462 1412 353

Annual Variability

The annual variability varies from 23 to 42% in the study area. The lowest variability
of 18% occurs at Sultanpet where the maximum rainfall is found in this district. The areas lie
in the openings of the valley namely, Chinna Kallar, Sulthanpet and Aliyar nagar a receives
low variability of 21.3, 22.5 and 25.9% respectively which shows high dependability.
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Table 2. Rainfall Variability

Station Name Rainfall Variability
Winter Summer SWM NEM Annual
Aliyar Nagar 125.38 77.4 49.21 43.58 25
Anaikatti 124.3 76.87 38.53 41.15 29.46
Anaimalai 134.5 65.03 75.5 48.76 29.08
Annur 140.35 55.87 37.12 41.99 26.2
Attakatti 143.5 67.11 46.92 29.63 29.86
Chinna Kallar 143.34 58.7 66.53 52.03 33.06
Coimabatore Town 186.3 67.18 61.79 81.89 49.9
Kallipalayam 198.5 88.46 77.48 65.4 53.24
Kumaralingam 110.23 67.29 77.61 51.77 30.66
Lower Nirar Dam 176.98 79.96 79.52 62.27 44.14
Makkinampatti 198.24 58.7 68.55 55.75 35.42
Mettupalayam 224.23 65.46 86.26 73.28 53.71
Negamam 205.3 65.88 46.23 58.13 34.06
P N Palayam 175.3 54.13 73.4 46.61 29.67
Peelamedu 198.2 60.16 35.16 60.16 30.69
Podanur 190.1 65.63 70.99 55.58 33.68
Pollachi 192.2 73.83 93.53 49.36 36.45
Sarkarpathy 110.32 64.92 35.53 48.82 27.56
Sethumadai 222.43 80.44 45.65 59.51 33.24
Solaiyar Nagar 198.2 57.03 41.69 66.43 28.36
Sulatanpet 186.2 65.34 31.56 55.74 22.59
Sulur 154.23 65.81 45.45 56.39 29.03
Tholampalayam 154.2 82.03 72.23 52.5 33.76
TNAU 2211 66.11 63.59 60.94 43.95
Top Slip 189.2 46.42 47.13 50.06 26.37
Upper Nirar Dam 1321 51.17 42.85 43.91 34.33
Valparai Taluk Office 143.3 64.4 34.56 51.77 28.3
Varadharajapuram 221.3 69.45 52.6 58.87 35.12
Vettaikaranpudur 135.4 74.96 44.87 61.92 41.12

Fig. 2. Mean Annual Seasonal Rainfall
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The stations located at the foot hills/vicinity of hills are under moderate-high
variability. The highest variability found in Mettupalayam that is 53.71%. The stations
located at the lower elevations adjacent to above experience normal variability in and
around Coimbatore city. From here, the variability steadily increases towards southwest and
northeast till beyond Coimbatore city again which steadily decreases till the end of the
mouth of the valley portion. Accordingly, the dependability also follows the same trend as
stated above. Fig 3 illustrates the spatial distribution of rainfall Variability.

Winter Variability

Among all seasons (Figure no 3), the winter variability of rainfall is high which
ranges between 110.23 — 224.23%. During this season, the variability is triple fold than
summer, southwest and northeast monsoon. Accordingly, the dependability of rainfall is
also relatively very less. From the spatial distribution of winter variability, the eastern portion
notably at the mouth of the valley and southeastern margin has very low and low variability
fall under less than 50 and 50- 80% variability classes. The southern portion covering Sulur,
Upper Niradam dam , Valparai areas fall under normal variability (80-150%) which
increases to moderate (175- 200%) and high (>225%) extend on either side towards north
as well as southeast. As the variability ranges between 60 to more than 180% indicates that
the rainfall is scanty (> 40%). Hence the dependability is unreliable. However, cultivation
practices like short-term crops are possible in and around Annur, Avinashi, Krishnapuram
and Pollachi.

Summer Variability

During the summer season, the pattern of rainfall variability is from NE to SE in the
order of very low (< 50%), low (50- 60%), normal (60-65%), moderate (65-80%) and high
(>80%) which increases succeeding. The very low and high variability occupy almost equal.
The rest of low, normal and moderate are equally distributed orienting SW-NE which
passes middle of the study area. The variability during this season ranges between 51-
88%. While comparing winter and summer the lowest variability class does not have much
variation whereas the highest variability class is three fold less than winter which shows that
there is a large variation in spatial distribution as well as trend.

Southwest Monsoon Variability

Among the 29 stations the variability is relatively low in Sulthanpet (31.56 %) which
is located about 30 km away from southeastern rim of the Coimbatore city whereas the high
is at pollachi (93.53), located at the northern part of Nilgiri hills near Mettupalayam. As far
as the distribution of variability is concerned the district is divided into two halves, viz.
northeastern and southwestern parts, which are separated by a line connecting
Mettupalayam and southern margin of Coonor Nilgiri hills. In the southern portion, the low
variability (< 50) starts from Valparai and Polla