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Abstract

Natural hazards are a long existing threat to human and their surroundings which may occur
throughout the world. Tamil Nadu is one of the Indian States with a number of natural hazard
incidences. The occurrence of natural hazards, such as cyclone, storm surge, flood, drought,
landslide, forest fire etc., has increased manifold in the recent decades.The multi-hazard zonation is
one of the preliminary studies in disaster management scenario, which is used to understand the
product of all prominent natural hazards. At the state level, it is imperative for the government to
know the regions affected by multiple hazards to help them prepare the management plans
appropriately to protect the local communities and infrastructures. However, such systematic hazard
assessment and integration in an administrative unit is largely missing in Tamil Nadu. Further, the
utilisation of geoinformatics in the preparation of multi-hazard zonation helps to identify the most
endangered areas of the State precisely and offers insights to detailed studies in highly risk zones.
This paper attempts on these lines to prepare Multi Hazard Zones (MHZ) based on natural hazards
viz. earthquake, landslide, cyclone, storm surge, flood, drought and forest fire of Tamil Nadu. The
data for the study were generated from multiple sources, which were all generalised and integrated
in a normalised scale. The occurrences, intensities and frequencies of hazards, namely seismic,
landslide, and forest fire are the reasons for a very high multi-hazard in hilly tracts of the Nilgiris
and parts of Shayadhri hills in Coimbatore and Theni Districts, whereas cyclone, storm surge, and
flood caused a very high risk along the coastal stretch of Chennai, Kancheepuram, Cuddalore and
Ramanathapuram Districts. The segregation of the results into administrative division’s which was
then categorised in an order of high risk zones may provide a powerful tool to the State authorities
to allocate fund and resources. The output of this study also offers zonation for immediate
knowledge, policy briefs, and proper disaster management plan at State level.
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1. Introduction

According to the disaster statistics from UNDP’s Disaster Risk Reduction Programme

(2012), the average disasters per year have increased for more than 60 per cent in the last decade.
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Asia has the highest number of victims due to natural disasters. It is not peculiar at all that the
increase in the frequency of disaster, its magnitude, complexity, economic impact and number of
deaths, registers in the low human development region and less prepared communities. According
to the NDMA (2016), hazards pose threats to people and assume serious proportions in the under
developed countries with dense population. The regional study of hazards helps us understand the
influencing factors, analysing them without exclusion of nearby quantifiable factors, provides
applicable regional alike solutions. There is a coarse approach followed in disaster plans at state and
local level in India where national level zonation considered for all kinds of disaster risk
management without detailed regional or local attempts.

Tamil Nadu, the southern-most State of India, nestles in the Indian peninsula between the
Bay of Bengal in the east, the Indian Ocean in the south, and the Western Ghats and the Arabian
Sea on the west. In the north and west, the State adjoins Karnataka, Andhra Pradesh, and Kerala
(Figure 1). The eastern extremity of the State is Point Calimere situated at 80°20° E longitude,
while the western tip is the Mudumalai Sanctuary at 71°15” E longitude. The northern and southern
extremities are defined by Pulicat Lake (13°35° N latitude) and Cape Comorin in Kanyakumari
(08°50’ N latitude). An effective disaster management program always requires a detailed hazard
zone, which is largely omitted in the State. At the same time, natural hazards that rattle the
vulnerable communities of Tamil Nadu are increasing manifold and often occur simultaneously.
The natural hazards of Tamil Nadu occur mostly isolated with seasonal characteristics and seldom
occured all together that poseda maximum threat in a combined form within the same region.

Drought is considered one of the reoccurring disasters of Tamil Nadu, which hampers the
development of the region. Even though drought is non-structural, it spreads over a larger
geographical area and posesmore serious threats to population than the resultsof other natural
hazards such as floods, tropical storms, and earthquakes (Balasubramani, 2014).
Balasundareshwaran, et al., (2019a) evaluate drought within an administrative unit and suggested
that, the drought restricts the growth of a region. Similarly debated that, flood both gains and losses,
where it either sweeps the entire regions or deposits minerals for next seasonal irrigation. Likewise,
cyclones bring in gusty winds to the coastal parts of Tamil Nadu, especially during the north-east
monsoon season (October-December), which influence the sea level to swell and cause coastal
inundation, storm surge, and flooding in the inland rivers where the impacts are multi-fold
(Ramkumar, 2009). A spatio-temporal pattern of earthquake occurrences in South India was
epitomised by Gangai et al., (2009) who revealed that seventy-seven occurrences of earthquakes
with magnitude above 3.0 were recorded within and adjoined regions of Tamil Nadu in the last two

centuries. Ramkumar (2019) argues that the net effects of tectonic quiescent regions and
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geomorphometric processes induce the earthquake occurrences in Tamil Nadu. Natarajan, et al.,.
(1988) studied the landslides of the Nilgiri regionand described that the deforestation had resulted
into massive soil erosion along the slopes, which increased the seepage and ,thereby, resulted into
an increase in pore pressure leading to landslides in many hilly topography of the State. Further,
forest fire (wildfires) also increases the air pollutants and the instantaneous concentration of
particulate matters in the atmosphere during the fires and poses serious health risks (Sofowote &
Dempsey, 2015).

Geoinformatics aids in identification, demarcation, assessment, and management of hazards.
Nowadays, geoinformatics plays a key role in extracting potential information from an extensive
region or inaccessible location. Satellite remote sensing has successfully proven itself as a valuable
information generator for various hazards studies (Bhanumurthy et al., 2010). Almost all of the
natural hazards that can be studied are mapped with the help of geoinformatics. Many studies
proved that the utilisation of geoinformatics increases the value of datasets as highly reliable,
accurate, and cost effective. Many attempts, including Behanzin et al., (2015), Roy and Blaschke
(2015); Shankar et al., (2015); Udo (2015); Udani & Mathur (2016); Prasad & Narayanan (2016);
Hoque (2017); Oluwasegun (2017); Chigbu et al., (2018); Sharma et al., (2018), help us to
understand the hazard scenario of the State. However, the integration of multi-hazards and
delineation of accurate zones using geoinformatics is still missing in Tamil Nadu. Even though
arguably the hazard hotspot regions covers the coastal and urban regions (Shrinarayan, 2015;
Balasundareshwaran et al., 2019), MHZ covering the entire State with reliable datasets is still
scarce. Hence, the present study attempted to identify the multi-hazard prone zones of Tamil Nadu

and showcase the use of geoinformatics in a systematic hazard assessment.

2. Methods

The research primarily deals with the use of geoinformatics in MHZ for Tamil Nadu. In the
initial phase, the spatial and temporal dimensions of natural hazards of Tamil Nadu were examined.
All the possible natural hazards were considered and ranked according to the occurrence and
impacts in the past, namely drought, flood, cyclone, storm surge, earthquake, landslides, and forest

fire.
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Figure 1. Location and Study Area of Tamil Nadu

The drought datasets used for the study, mainly comprised of three categories (1)
meteorological records acquired from ground stations, (2) products derived from the satellite
sensors, and (3) ancillary data from various sources. High temporal satellite datasets considering
vegetation, temperature, and precipitation were used to compute proxies for drought hazard
assessment viz. Precipitation Condition Index (PCI), Temperature Condition Index (TCI) and
Vegetation Condition Index (VCI). Terra MODIS surface reflectance MOD13Q1 (250m) (2000-
2016) used for VCI, MODIS LST of MOD11A2 (1km) (2000-2016) was for TCl and TRMM 3B43
(0.25°%0.25°) precipitation estimate (2000-2016) was used for PCI. Finally, the Scaled Drought
Condition Index (SDCI) - a multi-sensor drought index proposed by Rhee et al. (2010) was used to
calculate composed drought index as given in the equation:

SDCI =0.25TClI +0.5PCI +0.25VCl (1)

The low values of SDCI imply serious condition of drought. Under a drought process, the SDCI is
close or equal to 0 and at wet conditions the SDCI is close to 1.

68



A. Balasundareshwaran et al / GEOSI Vol 5 No 1 (2020) 65-79

The cyclone hazard was assessed by utilising the Geographic Information System (GIS)
through a long-term best tracks cyclone database from Indian Meteorological Department (IMD)
and Joint Typhoon Waring Center (JTWC) of Bay of Bengal for the period of 127 years from 1891
to 2018. Storm surge computed by IMD based on 50-year return data was adopted for the
preparation of storm surge hazard layer. Both the layers were compared with the Building Material
and Technology Promotion Council’s (BMPTC) Vulnerability Atlas of India (2006) for conformity
and classification. The flood hazard, compared to other hazards,was very difficult to compute on a
wider geographical scale, thus it was extracted from the Bhuvan Geoportal where tile wise flood
vulnerability index was computed based on multiple origin of floods (riverine, coastal, urban, flash
flood and cyclonic floods).

The spatio-temporal characteristic of seismic activities was studied using the data sources
of United States Geological Survey (USGS), Coastal Geodetic Survey (CGS), Amateur Seismic
Centre (ASC) and IMD for Tamil Nadu and its surrounding regions from 1807 to 2018. Based on
these datasets and BMPTC Vulnerability Atlas of India, the earthquake zones were delineated.
Reported landslides and BMPTC Atlas were used to classify the landslides zones. Forest fire hazard
map was prepared from the data extracted from Tamil Nadu Forest Department and MODIS
satellite data.

All the generated hazard layers (earthquake, landslide, cyclone, storm surge, flood, drought,
and forest fire) were reclassified into four levels of hazard,namely high, moderate, low, and non-
hazard with a cell size of 250 m. By utilising raster calculator tool in ArcGIS, all the hazard layers
were intersected on a normalised scale and Multi Hazard Zones were prepared. Based on the
combined intensity values, the Multi Hazard Zones were classified into four classes, namely very
high, high, moderate, and low.

3. Results and Discussion
3.1 Earthquake

The spatio-temporal characteristic of seismic activities in Tamil Nadu shows concentration
around Coimbatore, Madurai, Hosur, Salem, Shevaroy, Villupuram, Pondicherry, Chennai and
Dharmapuri (Figure 2). The magnitude of the past earthquakes in the study area ranged from 3 to 6.
It was observed that the earthquakes of maximum intensity 5-6 had occurred in the Coimbatore and
surrounding Districts. Also, it was seen that the areas of maximum seismicity were also the ones that
are densely populated. Whereas, in spite of the sparse distribution of seismic locations in Central
and Western parts, the frequency tendedto be greater along with magnitude in the western parts in
comparison to the Central part of the region.

3.2 Drought

The Scaled Drought Condition Index (SDCI) is categorised into extreme drought (<0.2), severe
drought (0.2-0.3), moderate drought (0.3-0.4), abnormal dry (0.4-0.5), and no drought (>0.5).
During the dry year (2016), about half of the State was witnessed the extreme drought. Severe
drought (0.2 to 0.3) condition was observed in about 30 percent of the State. In 2016, the State was
badly hit by the worst annual rainfall in 140 years as it received just 543 mm of rain against the
annual average of 920 mm. A weak La-Nina over the equatorial Pacific that followed a year of
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strong EI-Nino was cited as one of the reasons for this drought. By considering drought condition
during June to December in dry year (2016) and normalcy in base year (2007), the SDCI drought
index was prepared as shown in Figure 3. The interior northern District of Tamil Nadu, such as
Karur, Nammakal, Salem, Dindigul and Erode faced acute drought.
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Figure 2. Earthquake zones in Tamil Nadu
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Figure 3. Scaled Drought Condition Index for Tamil Nadu
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Figure 5. Storm Surge in coastal parts of Tamil Nadu

3.3 Cyclone and Storm Surge

The cyclone affecting Tamil Nadu are largely from Bay of Bengal. The very high hazard
appeared in the northern coastal region of Tamil Nadu. The moderate zone was observed in central
part of Tamil Nadu, extending as tongue from Cauvery delta. The November cyclones generally
move west or north-westward and strike northern coasts of Tamil Nadu (Siddiki et al., 2012). The
storm surge is often accompanied with the cyclone or sometimes with high wind, which affects the
coastal margins, that vary up to 5 km from the coast (Figure 5). The hazard map shows a very high
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storm surge (> 4.5 m) in Ramanathapuram District’s coast. A high storm surge (3.5 - 4.5 m) was
observed around Pulicat Lake (northern Tamil Nadu) which is understood for its tidal activities.

3.4 Landslide

The Western and Eastern Ghats of the State are prone to landslides. The severe up to very
high class was observed in the steep slopes of the Western Ghats and very confined to the Nilgiris,
Anamalai, Kodaikanal, Courtallam and Agasthyamalai hills. Eastern Ghat sections, especially
Shayadri hills and Kolli hills,fell under high to moderate landslide hazard (Figure 6).

3.5 Flood

The flood hazard layer shows a combined effect of all flood events of Tamil Nadu that
devastated settlements as well as vegetation. Flood vulnerability index for the whole Tamil Nadu is
categorised into five classes, namely very high, high, moderate, low, and very low hazard zones
(Figure 7). The flood vulnerability zone followed the deltaic regions of majorrivers of Tamil Nadu,
especially between Palar to Cauvery deltaic region. The upper reaches of tributaries of Cauvery and
Tamirabharani rivers were also found with very high hazard zones.

3.6 Forest Fire

The forest fire is highly concentrated in the Western and Eastern Ghats of the State where
forest cover is intersected with settlements and transport lines (Figure 8). The forest fire occurred
between 2006 and 2015 are classified into five classes of frequency; very low (<4), low (5-9),
moderate (10-14), high (15-19), and very high (>20). The very high forest fire occurrences were at
Mudumalai and Gundri in the east Kalvarayan, Jawathu, Kanamangalam, and Villapakkam in the
west and northern parts of Tamil Nadu. A cluster of forest fires was observed at Valpari, Anamalali,
Palani, Kodaikanal, and Agamalai hills at eastern central margins of Tamil Nadu and southern
dense vegetation in Agasthyamalai hills.

3.7 Multi-Hazard Zonation

Multi-hazard zones reflect the complex nature of interaction between the hazards. It is very
difficult to quantify the interaction but it can be relatively compared (Kappes et al., 2012). The
natural hazards occur in the same location at different interval cause more damage than the location
affected by a single hazard. The Multi-Hazard Zones (MHZ) sometimes are found with a domino
effect, where one hazard triggers the next possible hazard, which is extremely dangerous. Hence,
the assessment of MHZ is indispensable for disaster risk management and governance of critical
time. Based on the interaction of all major natural hazards, MHZare delimited and classified into
four classes, namely very high, high, moderate, and low (Figure 9). The very high MHZ is
concentrated at hilly stretches of the Nilgiris and parts of Shayadhri hills in Coimbatore and Theni
Districts. Further, the very high MHZ is found along the coastal stretch of Chennai, Kancheepuram,
Cuddalore, and Ramanathapuram Districts.
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The high MHZ is observed in the central regions of the State engulfing rest of the Nilgiris,
Villupuram, Thiruvanamalai, Vellore and Karur Districts, and all along the central and northern
coastal tracts of Tamil Nadu. The occurrences, intensities and frequencies of hazards, namely
seismic, landslide and forest fire are the reasons for very high multi-hazard in the hilly tracts,
whereas cyclone, storm surge and flood is the major reason for a very high risk along the coastal
regions. The moderate MHZ vastly spreads over the rest of the State except for a few parts in the
northern, eastern, and southern region where hazards with high intensities are absent. The moderate
MHZ is the direct cause of higher intense of drought but moderate or low intense of cyclone and
earthquake hazards.

The very high-to-high MHZ occurs in the western regions of hilly terrains, central plains,
and the eastern margins of coastal regions. The result of this study coincides with case studies
attempted for different parts of the State. For instance, agricultural drought assessment in Palar
basin (Krishna et al., 2009) and drought condition over the Cauvery basin (Balasubramani, 2014)
indicate similar prevalence of high MHZ at central and northeastern part of the State. The southern
part of the Nilgirs falls under high and very high vulnerability as the area is under steep slope
(Rahaman & Aruchamy, 2017). Moreover, the fire risk assessment at Kurangani of Theni District
forest debated by Balaguru et al., (2018) propose that the highly vulnerable zones falls at steep
slopes and high altitude regions. Comparatively, a study on macrozonation of seismic hazard
pursued by Menon et al., (2009) exhibits moderate vulnerability in northern and western parts of
TN and much lower in the southern half of the state. The study also suggest that the hazard in the
northwestern parts, some central districts of the State are clearly underestimated i.e., the hazard
levels classified in seismic Indian Standard Zone Ill could be marginally higher, especially for
Chennai, Coimbatore, Udhagamandalam, and Krishnagiri. These discussions support the very high-
to-high MHZ of western regions of hilly terrains and central plains of State. Similarly, the study on
habitat risk assessment for coastal taluks of Tamil Nadu (Balasundareshwaran et al., 2019) reflects
on the assessment of coastal vulnerability utilising the geospatial technology. The study implies the
need of urgent measures to thwart negative impacts at Chennai, Cuddalore, Nagapattinam,
Thoothukudi, and Agatheeswaram areas, which are highly vulnerable zones.

In the same way, the disaster risk management plan for Karur District attempted by
Balasundareshwaran et al., (2019a) reveals that, during northeast monsoon, heavy water flowing in
Cauvery and its tributaries, has affected the low-lying areas of the riverbanks with floods. The

results of this present study show all the flood occurrences attributed to larger basins of Cauvery
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and Palar rivers. In an integrated study, classifying coastal Tamil Nadu (Rajan et al. 2019) reveals
that the very high vulnerability zone covers Nagapattinam coast. Further, very high to high
vulnerable zones cascade over Cuddalore, Kancheepuram Pondicherry, Karaikkal, Nagapattinam,
and Thiruvarur. The physical vulnerability analysis conducted by Rajan and Vengadasalam (2019)
along the coastal Tamil Nadu observed that coastal zone is still in underdeveloped condition. The
study proposed that the Ramanathapuram District appears to be a better coast and Kancheepuram as
a poor. Consequently, these deliberations correspond and represent the very high-to-high MHZ
senario of coastal regions.

The major research gap exists in developing appropriate approaches to evolve disaster plans
for the administrative units like districts. The hazards demarcated at the State level will be effective
for planning at district and sub-district level planning and, thus, this study can be used as a pioneer
material. The best use of geoinformatics in the digital era, especially in disaster scenarios, is very

much needed, and the present work attempts to fulfil this gap.

4, Conclusion

This study is akin to a first-hand atlas to the planners and decision makers. The study
combined different hazards and their intensities in a single map with varying intensities using the
power of geoinformatics. These research highlights need for immediate and proper action plans at
high multi-hazard prone zones. The very high MHZ is observed at the Nilgiris and parts of
Shayadhri hills in Coimbatore and Theni Districts in the western region and along the coastal
stretch of Chennai, Kancheepuram, Cuddalore, and Ramanathapuram Districts in eastern region of
Tamil Nadu. The following recommendations are suggested for the very high -high MHZ of natural
disasters of Tamil Nadu: (1) Identification and maintenance of the location specific disaster trigger
based response system need to be given a higher priority, especially in the eastern hilly terrains and
central plains; (2) Preparing region specific disaster management plans along with training for
professionals / technical institutions to minimise the ill-effects for both administrative and natural
regions, especially for the eastern coastal margins. This study offers scope for immediate
knowledge, effective regionalisation, and possibilities of preparing disaster management plans. The
segregation of results into administrative division’s categorised in an order of highly risk zones will
provide a power tool to the State authorities to allocate fund and resources. The further
improvement of accuracy of certain datasets, e.g. flood, could precise the zonation and provide
robust tool to prepare long-term plans for safeguarding the vulnerable communities, mitigating the

physio-socio-economic losses, and attaining sustainable development
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