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 Abstract  

The frequency of extreme weather events is expected to increase, in general, 

so it is imperative to focus on the studies of day to day changes in the land 

surface. Soil moisture plays an important role in energy balance on the 

surface, runoff, drought and climate change conditions. The study deals with 

various aspects of the soil moisture determination and its comparison 

between pre-monsoon and monsoon season. Rainfall data of the study area 

was used for computing the Standardized Precipitation Index (SPI) to 

determine the severity of the drought. Soil samples collected were used for 

performing gravimetric analysis, to identify the percentage of moisture in the 

soil. The spectroradiometer helps in obtaining the reflectance pattern of soil. 

Soil moisture sensor along with the Arduino software was used to identify 

soil moisture in the field. The main aim of the study is to compare the 

seasonal changes, to assess the precision of soil moisture. From the results, it 

is evident that there is a dry to a severely dry condition in the study area 

which indicates the onset of drought.   
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1 Introduction 
 

Water is a resource covering almost three-quarters of the Earth which all 

living beings depend on for their survival since water resources play the 

center for life by providing nutrition for plants and animals [1,2]. Water is an 

essential commodity for the survival of all living beings. Sustaining the 

environment is very tough without water. The richness of water brings 

comfort, whereas life becomes hectic when there is a water shortage. Every 

living being depends on water for their survival. If there is a shortage or 

unavailability of water at a particular location, people migrate to other places 

near to the waterbody. Poor management of water resources results in 

overexploitation, acid rain pollution, and other such activities that pave the 

way for the occurrence, areal extent, continuity, and severity of droughts [3]. 

The explosion of massive population, development of economy and the 

changes in climate and land use are increasing pressure on water resources. If 

there is any shortage of water, it results in severe drought conditions due to 

the stimulating water need [4]. Surface soil parameters, mainly the soil 

moisture, is the key parameter for several hydrological and agricultural 

aspects (5,6). The principal source of drought is the incidence of lower 

precipitation than the normal condition (7). Drought can be characterized into 

many types such as meteorological, hydrological, agricultural and socio-

economic drought.  From a farmer’s point of view, drought is a lack of 

moisture in the root zone of crops. In the view of a hydrologist, it proposes 

low water levels in the lakes, streams, and reservoirs. For an economist, 

drought is meant to be a deficiency, which affects the economy. 

Meteorological drought conditions are believed to happen when rainfall is 

below the normal range. The meteorological drought has been under study 

when the deficiency of rainfall is sensed. The onset of agricultural drought 

occurs when the availability of soil moisture has fallen to a level that affects 

the production and yield of crops [8]. Soil moisture, along with 

evapotranspiration, is a significant variable which estimates soil moisture for 

irrigation water using water balance models [9,10]. GIS is a powerful tool for 

decision making in case of natural resources mapping and monitoring 

[11,12]. Coupling of GIS and Remote sensing techniques with ground 

meteorological data considerably adds in the analysis of vegetation drought 

[4]. The water content in soil is considered an important parameter because it 

supports the need for irrigation water by adopting water balance methods. 

Soil moisture influences the transfer of energy between the land and 

atmosphere, affecting the climate. In the arid or semi-arid region, where the 

water scarcity may affect the development of crop productivity, 

determination of soil moisture is considered as an important factor. Further 

extension of research has to be done to understand the complexity of spatio-

temporal variation of soil moisture due to climate change.  
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2 Materials And Methods 
 

2.1 Study Area Description 
 

The study was focusing some parts of the Chengalpattu district which 

covers the agricultural region near to the Palar river. The rainfall is uniform 

throughout the year but the coastal region is fed with a good amount of rain 

than other parts of the district. With 47% of the total population of the district 

involved in agriculture, it is considered as the livelihood of the people and 

the Palar river acts as the source of irrigation in this district. There is limited 

information regarding cyclone, drought and flood as recorded in the previous 

years. The base map of the study area depicts the different features present in 

the region which is prepared with the help of Toposheet (Fig 1).  

 
2.2 Data Collection 

 
Non-spatial data such as rainfall and climate data are very useful for the 

assessment of drought. The rainfall trend for 30 years has been analyzed to 

forecast future drought conditions. Three Raingauge stations in and around 

the study area namely, Chengalpattu, Karunguzhi, and Maduranthagam 

recorded the rainfall throughout the year. Prolonged deviation in the climatic 

conditions results in hydrological, meteorological and agricultural drought. 

Soil moisture depends on the amount of surface runoff and the soil 

infiltration capacity in the region. Soil samples were collected to examine the 

water content in it. Sample collection was carried out in pre-monsoon and 

monsoon season to study the deviation in the moisture content in these 

seasons. With the help of the base map, the sampling locations were 

determined and soil samples were collected by removing the topsoil up to a 

depth of 20cm which contained debris and other waste materials. Soil 

moisture sensor was placed at this depth and the percentage of moisture was 

noted. 

 
Fig. 1 Base map of study area 
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3 Methodology 
 

 The collected soil sample was subjected to gravimetric analysis by 

finding the weight of an empty pan and the wet weight of the sample was 

recorded. It was then oven-dried for 24 hours at 110°C temperature and the 

dry weight was measured. Soil moisture sensor was used in-situ for finding 

the moisture in the soil, which was connected to the Arduino board interfaced 

with the software, showing the moisture value in percentage. The type of soil 

present in the study area is red loamy soil which has a medium water 

absorption capacity which was identified with the help of soil map of the 

study area. Soil samples were brought to the lab for collecting the soil 

spectral curve using Spectroradiometer, which shows the peak reflectance 

and peak absorption ranging from 0.4 - 2.5 μm wavelength range. The 

spectra obtained were then processed in the ENVI platform and the spectral 

curve was generated for each sample. Each soil has different water holding 

capacity and thus their reflectance characteristics change accordingly. Based 

on this, the moisture values obtained by both gravimetric analysis and the 

soil moisture sensor was compared for the pre-monsoon and monsoon 

season. The resultant value determines the soil moisture of the samples 

collected and analyzed in both the seasons. Drought conditions can be 

analyzed based on the rainfall trend and the soil moisture obtained by 

adopting various techniques (Fig 2). 

 

3.1 Rainfall Data  

 

Rainfall data for 30 years were used for obtaining the rainfall trend at 

three different stations namely, Chengalpattu, Karunguzhi, and 

Maduranthagam rain gauge station. The actual rainfall pattern was compared 

with the linear rainfall for all these station points. A simple linear regression 

analysis was carried out to measure the goodness of fit or coefficient of 

determination (R2). The coefficient of determination value lies in the range 

of 0 to 1. An R2 value of 1 indicates that the regression predictions perfectly 

fit the data. 

3.1 Standardized Precipitation Index (SPI) 

 

A widely used index to depict the meteorological drought is the 

Standardized Precipitation Index (SPI), which is based on the range of 

timescales. It is related to soil moisture on short timescales and related to 

groundwater and reservoir storage on long timescales. SPI is calculated for 

every 1 to 12 months for about 30 years of rainfall data for the Chengalpattu 

district. 
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Fig 2 Methodology adopted for the study 

 

3.1.1 Soil Moisture 

 

Soil samples were collected from different locations during pre-monsoon 

and monsoon season. The moisture values obtained in the field using the 

Arduino sensor was based on the soil contained at a depth below 20 cm from 

the surface. Collected samples were brought to the lab for performing the 

gravimetric analysis by the oven-dry method and the moisture percentage 

was recorded. The gravimetric analysis and soil moisture sensor process 

carried out at three locations which were similar in both seasons were used 

for the comparison of moisture.  

3.1.2 Spectral Reflectance Curve  

 

Spectral reflectance curve represents the reflectance pattern of different 

natural features such as soil, water and vegetation. The spectral reflectance 

can be captured using an instrument called Spectroradiometer. The hand held  

Spectroradiometer instrument has a spectral resolution of 350nm to 2500 nm, 

which uses the Near Infra-Red wavelength region in the Electro-magnetic 

spectrum. This type of instrument is widely used for the soil studies to 

identify the moisture content, mineral content and type of soil. 
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4 Results and Discussion 
 

4.1 Analysis of Rainfall Trend 

 

The Coefficient of Determination (R
2
) value was obtained by making a 

polynomial trend analysis and the value of  R
2
 was 0.2008 at Chengalpattu 

station (Fig. 3), i.e., 20.08 percent of variation in rainfall is described by time 

(13). The Upper confidence bound value at Chengalpattu station was 16 cm 

in the year 2040 and the Lower confidence bound value was -3 cm in the 

same year. The value of R
2
 at Karunguzhi station was 0.0316 (Fig. 4), i.e., 

3.16 percent variation in rainfall is described by time and the upper and 

lower confidence bound values were 12 cm and -7 cm respectively at 

Karunguzhi station. Maduranthagam station has the R
2
 value as 0.2415 (Fig. 

5), i.e., 24.15 percent variation in rainfall is described by time and the upper 

and lower confidence bound values were 4.2 cm and -1.9 cm respectively.  

 

 
 

         Fig 3 Rainfall Trend Analysis at Chengalpattu Station 

 
Fig 4 Rainfall Trend Analysis at Karunguzhi Station 
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Fig 5 Rainfall Trend Analysis at Maduranthagam Station 

 

4.2 Analysis of SPI  

 

Based on the result from Standardized Precipitation Index (SPI), the 

region received a minimum rainfall from the year 1998 to 2005 recording 

negative SPI values. The minimum SPI value was -1.7 in the year 2004 

indicating extremely dry condition. There was a drastic increase in SPI value 

from the year 2005 which recorded a value of -0.7 to 1.2 in the year 2006, 

because of the flood in 2005. Positive SPI values were recorded from the 

year 2006 to 2013 indicating the relatively wet condition of the region. After 

the dip in the year 2014 and 2015 which recorded SPI values of -0.7 and 0.2 

respectively, SPI was highest in the year 2016 with a value of 1.73 due to the 

flood in the year 2015. In the following years, the SPI values have dropped 

with an SPI value of -0.86 in the year 2017 indicating dry condition and an 

SPI value of -1.56 in the year 2018 which lies between -1.5 and -2 indicating 

an extremely dry condition of Chengalpattu district. (Fig. 6) 

 

4.3 Analysis of Soil Moisture  

 

     The soil moisture value is obtained from soil moisture sensor as well as 

gravimetric analysis is plotted as a graph for Pre-monsoon season (Fig. 7) 

and for Monsoon season (Fig. 8). The soil present in the region mostly 

comprises of loam soil which is suitable for agricultural practices and the 

moisture percentage for this soil must be more than 35 percent.  The moisture 

percent obtained from Arduino sensor and Gravimetric Analysis clearly 

shows that the moisture values were below 16 percent during pre-monsoon 

season and below 18 percent during monsoon season. The moisture content 

is low in both the seasons for a loam soil and this indicates a favorable 

condition for a drought to occur. 
 

 



 
 

 

    

269 M Kamalanandhini et al. 

 
Fig 6 SPI plot for rainfall data from 1989-2018 

 

 
Fig 7 Soil Moisture Analysis for Pre-monsoon season 

 
Fig 8 Soil Moisture Analysis for Monsoon season  

 

4.4 Analysis of Spectral Reflectance Curve  

Spectral curves for soil samples collected at Thimmavaram, Palur, and 

Melacheri regions were obtained for monsoon season and there was peak 
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reflectance at 1300nm, 1690nm and 2140nm for all the three samples. The 

dip was observed at 1417nm, 1920nm and 2205nm for all the three samples. 

(Fig. 9) 

 

 
Fig 9 Spectral reflectance curve of Soil 

 

5 Conclusion 
 
     Water scarcity not only affects the augmentation of water resources but 

also human life. Proper management of water resources leads to recharge of 

groundwater resources which safeguards the future needs. The gravimetric 

analysis and sensor values obtained by field sampling indicated a low 

moisture percentage which is not sufficient for the agricultural practices in 

the region. The SPI value calculated with the 30 years’ rainfall data shows 

that the precipitation was low for most of the years. The year after the 

occurrence of the flood (2015) had good rainfall and so the SPI value was 

under wet condition. Other years from 1991 to 1993, the SPI value was in the 

range between 0 to -0.5 indicating below normal condition and from 2000 to 

2005, the SPI values in the range of -0.5 to -2 indicating a severe drought 

condition. In the years 2014, 2017, 2018 the SPI range was below normal 

condition. This indicated that the district is subjected to a dry to severely dry 

condition.  

     Results obtained from the rainfall trend analysis shows the significant 

condition for a meteorological drought to occur. If there is no improvement 

in the upcoming years, the area will be under a severe drought condition. 

Spectral curves for soil samples collected at Thimmavaram, Palur, and 

Melacheri were obtained for monsoon season and the curve was indicating 

the dry soil condition for all the locations.  
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     Furthermore, other parameters such as climate, evaporation and 

evapotranspiration data can be analyzed to identify the influential factor of 

soil moisture. Chemical analysis can be done to identify the minerals present 

in the soil which will be ensuring the water holding capacity of the soil and 

can conclude different drought conditions. 
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