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Abstract: Generating an extensive knowledge base on land degradation risk in different locations of 

the world is essential for developing effective mitigation and adaptation strategies. A changing 

climate will affect the land, soil and water resources in many ways. In this context, this study aimed 

to understand the possibility of present and future land degradation in the study area in the purview 

of global warming through the analyzing aridity index (AI), sea level rise trends and soil analysis. 

The study area is a semi-arid coastal region characterized by tropical climate. AI analysis shows 

possible drying trends for the end century period as the simulated AI values decline in the ranges of 

−3.25 to −7.5 mm/°C. The soil analysis revealed that the mean soil organic carbon (SOC) content in 

the study area is 0.43% which is far below the world standards and sea levels may likely be raised 

under climate change in this area. This study also showcases a frame work for assessing land 

degradation vulnerability in the context of climate change. Conducting land degradation vulnerability 

assessment is a highly essential prior to any flagship activities on sustainable land management. 
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1. Introduction  

 

Declining soil quality has posed remarkable challenge for increasing agricultural productivity, 

economic growth, and environmental health [1]. The fundamental causes for land quality degradation 

are largely associated with improper land use and soil management, irregular and erosive rainfall, 

steep terrain, deforestation, and overgrazing [2]. Semi-arid tropics of Asia are characterized by the 
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presence of inadequate and variable rainfall along with the occurrence of frequent droughts and dry 

spells. Low and medium income countries including India mostly rely on agriculture for rural 

livelihoods and development. Nevertheless, agricultural systems in developing countries are 

adversely affected by huge pressure on land and climate change, both of which threaten food 

production [3,4]. The steady decrease in soil fertility due to many drivers is a serious constraint for 

sustainable agriculture in many developing countries [5-7]. It has been reported that topsoil erosion 

can cause most detrimental effects on soil quality and is likely to be aggravated by long-term 

removal of surface litter and crop residues in many parts of the world [8]. Soil organic carbon (SOC) 

has a vital role in the global carbon cycle and associated climate change. In this context it is highly 

coherent that any loss of SOC will have dramatic impacts on the sustainability of ecosystem. 

Grassland degradation notably plays down SOC stocks by 16% in dry climates (<1000 mm). The 

types of plants under cultivation also plays a key role in diminishing SOC content under C3 grass 

species, degradation caused SOC losses of up to 14% compared to 4% in C4 grasses [9]. Grassland 

degradation significantly reduced SOC stocks by 16% in dry climates (1000 mm) and Asia was the 

most affected continent (23.7%) [10]. Annual soil losses up to 25 Mg ha−1 have been recorded, most 

of which are recorded in a small number of events. The increase in the incidence of precipitation 

extremes may have an additional impact, due to greater water volumes being lost to runoff meaning 

less water infiltration and storage in the soil and an increase in the erosion processes [11]. 

It is very significant to note that land and soil degradation vulnerability means not only loss of 

land and soil but also of vulnerability of losing the land and soil functions in the wider contexts 

(Figure 1). The underlying forces behind the processes of land and soil degradation has to be 

monitored and assessed in all spatial and temporal scales to arrest the mammoth loss in land quality. 

 

 

 

Figure 1. The key functions of the land. 

 

So far, the relative effect of degradation on SOC stocks has been difficult to predict because of 

the paucity of data [12]. Understanding this background, this study tries to get glimpses of present 
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and future land quality from three different dimensions (a) possible variations in Climatic 

characteristics through simulations; (b) Soil survey and analysis for understanding the status of key 

indicator, SOC; (c) trend in past the sea level from the changing climatic lens. This is very much 

required at this level for sustainable and effective management of land a holistic approach—linking 

physical, climatic, social and economic aspects.  

 

2. Materials and method 

 

2.1. Study area 

 

The study area in the State of Tamil Nadu in the south India spans between the latitudes 12°0ʹ and 

13°40ʹN and 79°0ʹ to 80°20ʹE longitude in the east coast bordering Bay of Bengal (Figure 2). Thiruvallur 

district forms part of northeast agro-climatic zones of the state. It is situated adjacent to the Chennai 

metropolitan city which was famous for its recent flash floods in December 2015. It is the most heavily 

populated district of Tamil Nadu. It has a coastline of 27.9 km and located adjacent to Chennai 

Metropolitan City, the fourth largest metropolis in India. The general slope of the study area is from 

northwest to southeast. This area has an elevation of 50–200 m above mean sea level. The coastline is 

bounded on the north by Pulicat Lake, which is the second largest lagoon in the country. 

 

 
 

Figure 2. Location of the study Area with RegCM grid points. 
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The interior part of this region is categorized as tropical semiarid while the coastal parts are 

categorized as dry sub humid climate. This area receives rain under the influence of both southwest 

and northeast monsoons. Under the Drought Prone Area Programme, Kancheepuram and Thiruvallur 

Districts come under the semiarid category of dry land classification [13]. This district comprises of 

seven administrative divisions known as “taluks” namely Ponnary, Poonamallee, Ambathur, 

Gummidipundi, Uttukkottai, Pallipattu and Tiruttani. Seven villages are situated in the 200 m coastal 

regulation zone (CRZ) and 500 m CRZ lines. The mean annual rainfall is around 1200 mm. The 

entire coast is affected by gales and cyclones during North East Monsoon. It is significant to note 

that Thiruvallur district shows the second highest decennial growth rate of 35.25% in the period 

2001–2011. Coastal areas of this district was affected by 2004, Tsunamis 2004 especially the taluks 

Ambathur, Ponneri and Uthukottaihad witnessed death of 29 people. Around 388.37 km2 of the total 

area is occupied by barren land, otherwise known as waste land [14]. 

The mean minimum and maximum temperatures are 17 and 33 °C, respectively, and the months 

between April and June are generally very hot with temperature going up to an average of 37.9 °C. 

During the winter (December–January) the average temperature is 18.5 °C and the average annual 

rainfall is 800–1600 mm.  

 

2.2. Climate projections 

 

Dynamical downscaling using the Regional Climate Model (RCM), Version 4 (RegCM4.0) of 

Abdus Salam International Centre for Theoretical Physics (ICTP), Italy was used to simulate the 

future climate under IPCC AR5 under the latest Representative Concentration Pathway (RCP) 4.5. 

The GCM boundaries utilized to drive the RCMs were HadGEM2-ES. The simulation output for the 

period 2070–2098 (end century) period were utilized to project and assess the changes in aridity 

situations under RCP 4.5 pertaining to south west monsoon region for the study region. 

The Representative Concentration Pathway 4.5 (RCP 4.5) is said to be in good coherence with 

the climate of Indian sub-continent was chosen for simulation [15]. This representative concentration 

pathway was chosen as it closely comes to the observed climatic conditions of Indian scenario and as 

that of the previous IPCC SRES A1B scenario. The period of study chosen was from 1971–2098 

(128 years), considering (1970–2000) as baseline, 2010–2040 (near century), 2041–2070 (mid 

century), 2071–2098 (end century).  

UNCCD Aridity Index (AI) is used as one of the base methods for determining dry land types in 

the study area and assessing their vulnerability to the desertification processes. Meteorological 

variables were frequently employed to generate aridity indices to assess the temporal and spatial 

trend of aridity such as De Martonne Aridity Index (DMI), UNEP Aridity Index etc. Many scientists 

have analyzed the annual and seasonal temperature precipitation series and carried out annual aridity 

indices. Their outcomes reveal that the sites which are currently at the limit with respect to available 

water resources in semi-arid regions are likely to be most sensitive to climate change [13-17]. 

Following the UNEP [18], AI classes are shown in the Table 1. 

 

2.3. Soil sampling and analysis 

 

The study region was divided into 5 km × 5 km grids. Soil samples were randomly collected 

from each grid during the period June 2013 and its geographical coordinates were noted. All samples 
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were shade-dried, pulverized with an agate mortar, and then sieved (0.2 mm) before analysis. The 

samples were analyzed following standard methods. SOC was analyzed in CHSN/O elemental 

analyzer. 

 

Table 1. Aridity index (AI) categorization. 

Type of the climate Values of DMI 

Dry DMI < 10 

Semi-arid-dry 10 ≤ DMI ≤ 20 

Mediterranean 20 ≤ DMI < 24 

Semi-humid 24 ≤ DMI < 28 

Humid 28 ≤ DMI < 35 

Very humid a. 35 ≤ DMI ≤ 55  

b. DMI > 55 

 

3. Results and Discussions 

 

3.1. Simulated climate change and aridity 

 

Simulated changes in climate in the study area under RCP 4.5 showed future warming in the 

study region both in terms of daytime and night time temperatures. Both the simulated mean 

maximum and minimum temperature showed significant warming. The projections showed a rise in 

maximum temperature of 2.4 °C under RCP 4.5 by the end of 21st century. The annual mean 

minimum temperature was projected to rise by 2.3 °C by the end century. The latest simulation study 

reported by Chaturvedi et al. [15] indicated a rise in temperature in the range of 2.9 to 3.3 °C under 

RCP 4.5 and RCP 6 pathways.  

In a changing climatic context, quantitative examinations of the possible changes in the aridity 

condition are very essential for understanding future status of land degradation. The spatial 

distribution of projected aridity during the monsoon period is shown Figure 3. It shows the changes 

in aridity values under RCP 4.5 Pathway. It reaffirms the area to be semi-arid characterizes that 

aridity conditions are going to be worsened in the study area. Especially Puzhal, Minjur, 

Gummidipundi, Sholavaram administrative blocks may likely more dry in future as the simulated 

aridity values tend to decline in the ranges of −3.25 to −7.5 mm/°C in the end of 21st century. There 

was a clear variation in dryness which is noted from the interior areas to the coastal stretch. The 

Pulicat lake area which forms part of district Minjur comes under the special Ecological Economic 

Zone of the state is likely to experience more drying in future. 

The researchers such as Croitoru, Hrnjakand and Paltineanu [13,19,20] have also employed 

aridity indices, DMI and the Pinna Combinative Index in order to identify critical areas in the most 

important agricultural regions of Romania that are prone to aridity. The coastal areas of Thiruvallur 

district is a potential shrimp farming area, making this area more susceptible to further soil and land 

degradation. Amongst the coastal districts of Tamil Nadu, Thiruvallur district has witnessed an 

increase in aquaculture activities. 

Based on above analysis, we can conclude that AI can be used as an effective tool to project 

future aridity conditions. 



335 
 

AIMS Agriculture and Food  Volume 1, Issue 3, 330-341. 

 

 

Figure 3. The spatial distribution of projected aridity during the monsoon period under 

RCP4.5 (JJAS*, June–September). 

 

3.2. Analysis of soil organic carbon 

 

The organic carbon content in the soil (SOC) has been proposed to be used as an indicator of the 
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soil health level assessments. The field sample analysis reveals that the mean SOC in the study area 

is 0.43% which is very less than the world averages (Figure 4). 

 

 

Figure 4. The status of soil organic carbon in the study area. 

 

Climate can impose constraints on the processes that control SOC stabilization, which may 

result in depletion of SOC under different environmental conditions [21]. It is important to note the 

results revealed by yet another research study conducted using empirical data from 240 runoff plots 

over entire rainy season from different region of the world indicating that the median particulate 

organic carbon (POC) losses (POC1) by sheet erosion was 9.9 g C m−2/year with highest values 

observed in the semi-arid soils followed by the soils found in the tropical regions [11]. It has been 

reported that the increased convection at high temperatures due to global warming may results in 

high intensity rainfall at the leeward region. This may lead to flash flooding in Indian regions [22,23]. 

In a broader sense it can be concluded that a regime with high intensity precipitation due to climate 

change and cyclonic disturbances in India heightens the risk of soil erosion, runoff, and related 

environmental and ecological damages [11,24,25]. 

 

3.3. Sea level rise trends 

 

Apart from that this area is a coastal track, so highly prone to sea level rise as well. The results 

from the NOAA revealed that SLR trends for Chennai station, Thiruvallur coast has risen by 0.32 

mm for the period 1900 to 2010 (Figure 5). Rising sea levels have important direct impacts on 

coastal and island regions where a substantial percentage of the world’s population lives [26]. 

Salinization has already been reported in the study area occurs generally because of inadequately 

managed or maintained irrigation systems, particularly in arid and semi-arid areas [14,27]. Indeed, 

for the soils prone to Salinization due to high evaporation rates and upward concentration of salts due 

to capillarity, large amounts of irrigation water are required to not only meet crop requirements but 

also leach out collected salts from the root zone. Coastal areas near mudflats, salt marshes and 

lagoon were inundated extensively causing threat to the communities present near the coast, which 

emphasize careful planning of coastal zone development and management by Parthasarathy [20]. 
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Figure 5. Sea level trends for the nearest port Chennai. Source: [28]. 

 

3.4. Limitation and way forward 

 

Vulnerability of an area is purely dependent on its natural settings, its climatic and the socio 

economic conditions. It is very necessary to understand the interactions of climate change impact on 

one sector with changes in exposure and vulnerability, as well as adaptation and mitigation actions 

affecting the same or a different sector at regional or sub regional scales thus vary across temporal 

and spatial scales [29] vulnerability on land degradation in the context of climate change also varies 

across geographical and temporal scales and must be addressed within complex and uncertain 

conditions and hence calls for interdisciplinary and multiple expertise [29,30].Vulnerability can be as 

“a function of exposure, sensitivity and adaptive capacity”. The term “exposure” addresses the 

incidence of climate change impacts, the term “sensitivity” addresses the capacity of actors to be 

affected by climate change impacts and the term “adaptive capacity” or “resilience” [29-33]. The 

lack of a comprehensive conceptual framework that facilitates an integrated assessment impedes the 

effectiveness of land degradation management and adaptation to climate change [25]. 

Hence, in this situation, it is very difficult to assess the exact magnitude of land degradation risk 

unless otherwise a comprehensive land degradation vulnerability assessment is carried out for the 

study region. The detailed methodology can be obtained from Ramachandran et al. [34,35]. 

Therefore, further research will be done for assessing forecasting future vulnerability of land 

degradation of this area with respect to changed change scenario. The future endeavor would likely 

involve a framework for assessment involving the all the key component of vulnerability, the 

conceptual framework is dealt here below as Figure 6. 

 

4. Conclusion 

 

This study was an effort to understand the present and future possible land degradation 

possibility of the north coastal areas of the state Tamil Nadu. The simulation outcomes of aridity 

reveal more drying trends in the end century period under RCP 4.5 trajectory. An attempt was also  
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Figure 6. The conceptual framework for assessing integrated land degradation 

vulnerability index. ↑ denotes that vulnerability of land degradation increases with the 

increase in the indicator variables, and vice versa. 

 

done to understand the real time situation of soil organic carbon in the area through soil sampling 

and analysis which implies the poor status of SOC which far below the international standards. Yet, 

another challenge which may affect the land quality in the purview of climate change was sea level 

rise. Through this paper we also looked into the SLR matter and got an idea that this area is prone to 

sea level rise as well. Lessons learnt from the recent floods of Chennai 2015, confirms that parts of 

this study region is prone to devastating extreme climate events also. With this understanding and the 

anticipations on a combination of likely increase in warming, aridity and sea levels, this study 

provides a promising framework and conclusion that there is a need to carry out integrated land 

degradation vulnerability assessment to evade long and short term setbacks in land quality. 
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