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ABSTRACT 

 

Rainfall is a distinctive variable. It reflects influence of multiple meteorological factors locally and globally. Long term rainfall 
data in respect of Chalk Hills (Magnesite mines) area, Salem have been analysed. From this analysis, an increasing trend in the 
rainfall from January to May and declining trend in the rainfall during May and June are noticed. The rainfall increases from 
July onwards, attains a peak value in October and decreases to a low in January. Seasonal rainfall variation shows that the basin 
receives higher amount of rainfall during the Southwest (SW) monsoon season and equally good amount of rainfall during 
Northeast (NE) monsoon season. Pre-monsoon season also contributes considerable amount of rainfall but the post-monsoon 
season rainfall contribution is negligible. The spatial distribution of rainfall in the study area depicts that southwestern part gets 
more rainfall than the northeastern part during pre-monsoon and northeast monsoon periods. The western part of the study area 
gets more rainfall than the eastern part during southwest and post-monsoon periods. Frequency distribution analysis over a scale 
of 10 indicates that the annual variation has the maximum frequency of 9.0 in the range of >1000 mm at Yercaud rain gauge 
station and the other two rain gauge stations (Salem and Omalur) in the study area shows frequency values 3.0 to 4.0 for the 
same rainfall range. Groundwater level fluctuation analysis shows that some of the places have deeper water levels during 
southwest monsoon season. Groundwater starts to replenish the shallow aquifers during northeast monsoon season and reaches 
high during post-monsoon period when plants are dormant and evaporation rates are less. The water levels remain stable only up 
to November but during January to May, the water level declines gradually due to water extraction for irrigation. 
Keywords: Rainfall variation, groundwater level fluctuation, Salem Chalk Hills, Tamil Nadu. 
 

1. INTRODUCTION 
Water is a major concern for life, any development and planning activities. There is an increase in water use due to 
economic and industrial developments. India is a tropical country. It mainly depends on rainfall for its water resources to 
get replenished regularly. Groundwater is the readily available fresh water resource used for drinking, agricultural and 
industrial purposes. Its availability depends on rainfall and recharge conditions. As India is a monsoon reliant country for 
its major portion of rainfall, it is necessary to analyze the occurrence and distribution of rainfall. In this regard, a detailed 
study of monthly, seasonal and spatial variation of rainfall for the study area has been carried out. 
 

The study area Chalk Hills is underlined by fractured and sheared gneissic rocks where groundwater potential is 
high. Water catchment tanks in this area of 5 km radius are small to moderate in size and are only seasonal. They remain 
dry during most of the seasons. The mine is located in gently sloping areas. No accumulation of water is observed except 
in mine pits even during the monsoon periods. As perennial water resources are remote, the agricultural activities in the 
study area mainly depend upon the rainfall and groundwater resources [1]. 
 

The distribution of rainfall depends upon various factors.  Rainfall is a single most important factor for success of 
crops in the farming areas. Major parts of India get rainfall due to southwest monsoon (June – September). The northeast 
monsoon is also called Retreating monsoon. It occurs during October to December, and it pours additional rainfall apart 
from conventional rainfall during summer [2]. Rainfall climatology brings out  the  general  pattern  and  characteristics  
of  rainfall  of  a  particular  region  [3].  
 

In the present study, an attempt has been made to understand the distribution of rainfall in the study area with the 
objectives of analyzing seasonal and spatial variations in rainfall pattern, frequency distribution of rainfall intensity at 
various rain gauge stations spread over the study area [4]. 
 

Some of the previous studies carried out in this regard by the Tamil Nadu Public Works Department [1]  (i) recording 
rainfall intensities (ii) monitoring groundwater level fluctuations at various well locations and (iii) assessment of 
groundwater quality. The occurrence of groundwater and its quality are controlled by rainfall recharge. The study area 
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falls in the Sarabanga River basin and the Sarabanga River is a non-perennial one. Hence, it is necessary to analyze the 
pattern of rainfall distribution over space and time.  
 

 

2. STUDY AREA DESCRIPTION  
 

Chalk hills is located at the foothills of Shevarays at a distance of about 7 km northeast of Salem. It falls in Survey of 
India toposheet [5] numbers 58 I/1, 58 I/2, 58 I/5 and 58 I/6 with latitude 11° 33’ 00” N to 11° 54’ 00” N and longitude 
78° 00’ 00” E to 78° 15’ 00” E (Figure 1). The Mine Lease area of 19.028 hectares falls in the study region. Chalk Hills 
are bounded immediately to the south by Nagaramalai and Kusamalai and the two bodies are separated by 
Karangankaradu. The general elevation ranges from  300 to 520 m above MSL and higher elevation of 1200 to 1500 m 
confine to hill ranges due north with the exception of Yercaud which is at 1524 m above MSL. Three rain gauge stations 
namely, Salem Junction, Omalur and Yercaud lie in the study area (Table 1 and Figure 1). 
 

The study area falls in the Sarabanga River basin, which is a sub-basin of Cauvery River basin. The flow in the 
Sarabanga River is seasonal and surface flow could be seen during peak monsoon seasons. Rainfall in Salem district takes 
place during June to September coinciding with the southwest monsoon and October to December coinciding with the 
northeast monsoon [6]. The district gets higher rainfall from the southwest monsoon. The rainfall in the monsoons, 
during the recent years, has been below the normal in the district [6]. 

 

Table 1: Location of rain gauge stations in the study area 
 

Sl.N
o Rain gauge stations Latitude Longitude 

1 Salem Junction 11°40'15" 78°06'51" 

2 Omalur 11°44'19" 78°02'38" 

3 Yercaud 11°46'48" 78°12'36" 
 

 
 

Figure 1 Location map of rain gauge stations in the study area 
 

3. METHODOLOGY   
 

The daily rainfall data for the period of 1990-2012 have been collected from Regional Meteorological Department, 
Chennai and tabulated as to calculate the monthly and seasonal rainfall for the respective rain gauge stations. The 
average annual rainfall of the study area is calculated for the period of twenty three years (1990-2012) from the records of 
the three rain gauge stations. Yercaud rain gauge station shows the maximum average annual rainfall of 1668.3 mm 
followed by Omalur (974 mm) and Salem Junction (916 mm). Compared to the annual normal rainfall of Tamil Nadu 
state (920 mm), Yercaud and Omalur stations have more rainfall whereas Salem Junction shows slightly lesser rainfall 
than the state’s. To achieve the framed objectives, the collected rainfall data are categorized into four major seasons as 
listed in Table 2 [7-9]. Finally, the data are interpreted by preparing various charts and diagrams using geographical 
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information system (GIS) [8, 9]. The methodology adopted for this analysis is presented in the form of flowchart (Figure 
2). 
 

Table 2:  Monsoon seasons and corresponding months [7-9] 
 

Sl.No Seasons/ Periods Months 

1 Post monsoon January and February 

2 Pre monsoon March, April and May 

3 SW monsoon June, July, August and 
September 

4 NE monsoon October, November and 
December 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 Flowchart showing the methodology 

4. RESULTS AND DISCUSSION 
  

4.1 Rainfall analysis 
   
4.1.1 Monthly variation of rainfall  

 

Monthly rainfall variation in the study area shows a homogeneous pattern at all the three rain gauge stations. The mean 
annual rainfall is the sum of twelve months long term monthly average rainfall. The average monthly rainfall of twenty 
three year period (1990-2012) is calculated for the three rain gauge stations, and utilized for preparing rainfall variation 
[9, 10] diagrams (Figure 3(a) to Figure 3(c)). Increasing trend in the rainfall during January to May, and declining trend 
during May and June are noticed. Then it gradually increases from July onwards, reaches the peak value in the month of 
October and decreases to reach a low in the month of January [6]. 
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Figure 3(a) Monthly variation of rainfall pattern at Salem Junction rain gauge station 
 

 
 

 
Figure 3(b) Monthly variation of rainfall pattern at Omalur rain gauge station 

 
 

 
 

  
Figure 3(c) Monthly variation of rainfall pattern at Yercaud rain gauge station 

 
 

4.1.2 Seasonal variation of rainfall 
 

Seasonal variation of rainfall over the period of 1990-2012 shows same rainfall pattern in all the three rain gauge 
stations. The study area receives about 48 to 50% of the annual rainfall from southwest monsoon. The northeast monsoon 
contributes about 30 to 33% of rainfall for this region. Pre-monsoon season also contributes good amount of rainfall, but 
the post-monsoon season contribution is almost negligible. The percentage contribution of rainfall during various seasons 
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has been determined and presented in Table 3 [8, 9] and Figures 4 & 5.  The following trend of rainfall occurs in the 
study area: Southwest monsoon > Northeast monsoon > Pre-monsoon > Post-monsoon. 
 
 

Table 3: Percentage contribution of rainfall  
 

 

 
 

Figure 4 Seasonal variation of rainfall at rain gauge stations in the study area 
 

 
In general, the Southwest (SW) monsoon contributes major portion of the total rainfall, which is maximum at Yercaud 

station (50.42 %). At the other two rain gauge stations, the percentage of SW monsoon is 48.2 % and 45.1%. It is also 
observed that the contribution of SW monsoon was more with the maximum intensity of 790 mm at Salem Junction 
station (1991), 821.7 mm at Omalur station (2001), 2802 mm at Yercaud station (1996), as illustrated in Table 4. The 
contribution of northeast (NE) monsoon is also vital in this region next to the SW monsoon.  
 
 

 

Figure 5 Percentage contribution of rainfall at rain gauge stations in the study area 
 

Sl.
No 

Rain gauge 
stations 

Post- 
monsoon 

(mm) 

% 
contribu

tion 

Pre- 
monsoon 

(mm) 

% 
contribut

ion 

SW 
monsoon 

(mm) 

% 
contrib
ution 

NE 
monsoon 

(mm) 

% 
contribu

tion 

1 Salem 
Junction 7.0 0.8 166.9 18.2 441.7 48.2 301.3 32.8 

2 Omalur 5.6 0.6 185.5 19.0 439.1 45.1 343.8 35.3 

3 Yercaud 15.78 0.95 251.67 15.09 841.13 50.42 559.72 33.55 
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During northeast monsoon season maximum rainfall intensity of 1110 mm was recorded at Yercaud station in 1991, 
and at the other two stations, it ranged from 656 to 806 mm. The pre-monsoon season’s average and maximum 
contribution were about 18.2%, and 39% at Salem Junction, 19% and 40.5% at Omalur and 15.1% and 35.7% at Yercaud 
during 2004 respectively. The occurrence of rainfall during the post-monsoon season was almost negligible at all the 
stations. Minimum, maximum and average occurrences of rainfall at the various rain gauge stations during various 
seasons are presented in Table 5 [8, 9]. 
 

Table 4: Average, maximum and minimum occurrence of rainfall at each rain gauge stations 
 

 
 

It is observed from Table 4 that Yercaud station which is located in the northeastern portion of the study area 
generally receives maximum rainfall, and Salem Junction located in the southwestern portion and Omalur at western part 
of the study area receive equally moderate amount of rainfall [11].  

 
Table 5: Average, maximum and minimum occurrence of rainfall at rain gauge stations during various seasons 

Seasons 

Average 
contribution (1990-

2012) 
Maximum Occurrences Minimum Occurrences 

(mm) (in %) Year (mm) (in %) Year (mm) (in 
%) 

Salem Junction 
Post-monsoon 7.0 0.8 1991 105 11.45 0* 
Pre-monsoon 166.9 18.2 2004 358.7 39.0 1992 36.4 4.0 
SW monsoon 441.7 48.2 1991 790.2 86.2 2006 16.6 1.8 
NE monsoon 301.3 32.8 2005 656 71.6 2006 0 0 

Omalur 
Post-monsoon 5.6 0.6 2000 41 4.2 0* 
Pre-monsoon 185.5 19 2004 394.6 40.5 2007 57.6 5.9 
SW monsoon 439.1 45.1 2001 821.7 84.3 2006 40.8 4.2 
NE monsoon 343.8 35.3 1997 806.8 82.9 2006 0 0 

Yercaud 
Post-monsoon 15.78 0.95 2000 99.2 5.9 2003 0 0 
Pre-monsoon 251.67 15.1 2004 596.2 35.7 1992 68 4.1 
SW monsoon 841.13 50.42 1996 2802 168 2006 57 3.4 
NE monsoon 559.72 33.55 1991 1110 66.5 2006 0 0 

         (* Mostly all the years except some years) 

4.1.3 Spatial distribution of rainfall  
 

By taking average annual and seasonal rainfall values, isohyetal maps have been prepared using Geographic Information 
System (GIS) for understanding the spatial behaviour of rainfall intensity over the study area [12]. It is observed from 
Figure 6(a) to Figure 6(e) that the isohyetal maps of Pre-monsoon, NE monsoon and annual rainfall are similar and 
spatial distribution of rainfall shows a unique pattern in Chalk Hills area and also it indicates that the southwest part gets 
more rainfall than the northeast part of the study area during pre- monsoon and northeast monsoon periods; the western 
part of the study area gets more rainfall than the eastern part during southwest and post-monsoon periods [13]. 

Sl. 
No 

Rain gauge 
stations 

Total 
Rainfall 

(mm) 

Average 
Monthly 

(mm) 

Average 
% 

contribut
ion 

Maximum 
(mm) 

Max. 
% 

contrib
ution 

Minimum 
(mm) 

Min. 
% 

contributi
on 

1 Salem Junction 916.8 76.4 8.4 790.2 86.2 0 0 

2 Omalur 
 974.0 81.2 8.6 821.7 84.3 0 0 

3 Yercaud 1668.29 139.0 8.3 2802 168 0 0 
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Figure 6(a)  Isohyetal map of average annual rainfall 
 

 
 

Figure 6(b) Isohyetal map of post-monsoon season 
 

 
 

Figure 6(c) Isohyetal map of pre-monsoon season 
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Figure 6(d) Isohyetal map of southwest monsoon  
 

 
 
 

Figure 6(e) Isohyetal map of northeast monsoon  
 

4.1.4 Frequency distribution of rainfall  
 

Frequency distribution diagrams [9] of annual rainfall, monsoon and non-monsoon rainfall seasons for the three rain 
gauge stations are illustrated in the Figure 7(a) to Figure 7(c). The twenty three years of rainfall data (1990-2012) have 
been considered for preparing the frequency distribution diagrams. The average annual rainfall frequency distribution 
diagram (Figure 11) shows that Yercaud station has the maximum frequency (9.0) in the rainfall intensity range of >1000 
mm [14]. Omalur and Salem Junction also have frequency values (3.0 - 4.0) in this range. Similarly, frequency values are 
almost the same (0.5) for the intensity range of 800–900 mm at Salem Junction and Omalur stations. The monsoon 
variation has the maximum frequency value of 10 and 8.75  for the rainfall intensity value of <600 mm at Yercaud and 
other two stations respectively and the non-monsoon variation has the maximum frequency value of 10  for the rainfall 
intensity of less than 600 mm for all the three rain gauge stations. 
 

Table 6: Frequency distribution of rainfall 
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Figure 7(a) Frequency distribution of average annual rainfall at various rain gauge stations 
 

 
 

 

Figure 7(b) Frequency distribution of monsoon rainfall at various rain gauge stations 
 

 

 
 

 
Figure 7(c) Frequency distribution for Non-monsoon rainfall at various rain gauge stations 

 

 
 

Rainfall 
intensity 

(mm)   

Salem Junction Omalur Yercaud 

Annua
l 

Non-  
monsoon Monsoon 

Annua
l 

Non-  
monsoon Monsoon Annua

l 
Non-  

monsoon Monsoon 

      
<600 0.5 10 8.75 1 10 8.75 0.5 10 3.5 
600-700 1 0 0.75 0.5 0 0.75 0 0 0.5 
700-800 2.5 0 0.5 0.5 0 0 0 0 1.5 
800-900 0.5 0 0 0.5 0 0.5 0 0 0.75 
900-1000 2.5 0 0 3.5 0 0 0.5 0 1.5 
>1000 3 0 0 4 0 0 9 0 2.25 
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4.2 Groundwater level fluctuation 
 

Water level data [15] and monthly rainfall data were used for preparing spatial distribution map which reveals that the 
wells retain the water level to higher range irrespective of the magnitude of rainfall and it is however, not clearly 
observed in some places because groundwater is overexploited during the non-monsoon seasons (Figure 8(a) to Figure 
8(e)). Spatial distribution maps depicts that during post-monsoon season most of the wells in the study area indicate 
shallow water level (3 m) whereas during pre-monsoon season water level in the well tends to decrease and it gets 
medium water level during northeast monsoon season (3–5 m). Table 7 illustrates depth of groundwater level in the study 
area during various seasons.  
 

Table 7: Depth of groundwater in the study area during various seasons 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 Except Shervaroy Hills, the maximum elevation is 435 m above-mean sea level in the southern part of the study area 
(Chinnatiupathi) and the minimum elevation is 287 m a.m.s.l (Omalur). The study area has not much peaks and valleys, 
generally it is a nearly flat terrain results no accumulation of runoff water due to slope. Drainage pattern is one of the 
most important indicators of hydrogeological features, since it is controlled by underlying lithology [16]. A well 
developed dentritic type of drainage system indicates the occurrence of rocks of uniform resistance [17]. Fine textured 
patterns noticed in the rock cut hill indicate high-surface runoff and low-rainfall infiltration. The coarser patterns in the 
plains, however, are indicative of high-rainfall infiltration [18, 19]. Almost 50 % of the total rainfall is received during 
southwest monsoon period (June –September) and 40 % occurs during northeast monsoon season (October to December). 
Therefore, water table increases drastically during June to December and reaches the peak in October. It declines 
gradually from March to reach a low in May.  

 
 

Figure 8(a) Spatial distribution of average annual groundwater levels in the study area 
 

Zones 
Post-monsoon Pre-monsoon Southwest 

monsoon Northeast monsoon 

km2 Area in 
% km2 Area 

in % km2 Area 
in % km2 Area in 

% 
Shallow water depth 

(<3 m) 148.95 64.84 117.68 51.23 7.45 3.24 27.74 12.08 

Medium water depth 
(3-5 m) 79.84 34.76 109.28 47.58 73.52 32.01 150.45 65.50 

Deeper water depth 
(>5 m) 0.91 0.40 2.74 1.19 148.73 64.75 51.51 22.42 
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Figure 8(b) Spatial distribution of groundwater levels during post-monsoon season 
 
 

 

 
 

Figure 8(c) Spatial distribution of groundwater levels during Pre-monsoon season 
 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org, editorijaiem@gmail.com  

Volume 3, Issue 1, January 2014   ISSN 2319 - 4847 
 
 

Volume 3, Issue 1, January 2014 Page 159 
 
 

 
 

Figure 8(d) Spatial distribution of groundwater levels during SW monsoon season 
 

 
 

Figure 8(e) Spatial distribution of groundwater levels during NE monsoon season 
 

As the study area is a rocky terrain, it is observed that some of the places have deeper water levels during southwest 
monsoon season due to less infiltration of water, and the decline in the water level is more in the places like Karungali, 
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Chinnathirupathi and Kuruvampatti. These places which are at a moderate to higher elevation contribute more runoff. 
The decline in the water level is prone to water scarcity if monsoon failure occurs. The water levels are found to be deep 
at some places in the plain regions (at elevation below 300 m). At these low lying regions agriculture is practiced more 
and hence the water requirement is also more. The rain showers replenish the shallow aquifers mainly during the 
northeast monsoon season. Groundwater recharge is higher during post-monsoon period when plants are dormant and 
evaporation rates are less [20]. The water levels remain stable only up to November but during January to May, the water 
level declines gradually due to water extraction for irrigation during Rabi season and domestic requirement. Thus it is 
observed that the pre-monsoon water level exhibits a dependence on rainfall received by these regions during the previous 
monsoon season, has shallow water levels. 
 
 

5. CONCLUSION   
 

Monthly rainfall analysis shows that maximum rain showers are recorded during the month of October and the 
lowest rainfall intensity is usually recorded during January at all the three rain gauge stations located in the 
study area.  

From the analysis of seasonal rainfall, it is found that the percentage contributions of rainfall during various 
monsoon periods are in the following order:  
SW monsoon (47%) > NE monsoon (35%) > Pre-monsoon (18%) > Post-monsoon (0.7%)  

 Spatial distribution pattern of rainfall indicates that the magnitude of rainfall increases towards northwest in the 
study area during NE monsoon, pre-monsoon and post-monsoon seasons. However, the magnitude decreases 
towards northwesterly direction during SW monsoon period. Though the contribution of post-monsoon is too 
minimum, the rainfall intensity is higher in the southeastern portion. 

 The analysis of average annual rainfall frequency distribution illustrate that Yercaud station has the maximum 
frequency. The monsoon variation has the maximum frequency value of 10 and 8.75 for the rainfall intensity of 
<600 mm at Yercaud and other two stations respectively, and the non-monsoon variation has the maximum 
frequency value of 10  at the rainfall intensity of less than 600 mm for all the three rain gauge stations in the 
study area. 

 As the study area is a hard rock terrain, it is observed that some of the places have deeper water levels during 
SW monsoon season. Groundwater starts to replenish the shallow aquifers during NE monsoon season and 
reaches high during post-monsoon period when plants are dormant and evaporation rates are less. The 
groundwater levels remain stable only up to November but during January to May, the water level declines 
gradually due to water extraction for irrigation during Rabi season. 
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