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The drastic changes in Land Use Land Cover (LULC) in the 
past few decades coupled with recently reported climate change 
has made severe impacts on the hydrology and water resources 
of India. As result, we are witnessing large number of severe 
floods for the past few years in India and the latest one was 
2018 floods in Kerala. From the experience of extreme flood 
events happened in Kerala during August 2018, we need to 
look for the effective flood management and mitigation plans. 
With once in a century event in the month of August 2018, 
Kerala went through a series of disasters including severe most 
flooding, dam breaks and landslides. As reported by India 
Meteorological Department (IMD), Kerala received 2346.6 
mm of rainfall from 1 June 2018 to 19 August 2018 in contrast 
to an expected 1649.5 mm of rainfall, which was about 42% 
above the normal. With sustained rainfall from June onwards, 
most of the major and medium dams got almost full by the 
beginning of August. Due to further severe rainfall conditions, 
all the reservoirs were forced to release the flood water. With 
the continued rainfall and reservoir releases, severe flooding in 
13 out of 14 districts in the State were reported during 14th to 
19th August. The disaster devastated the state with an estimated 
loss of nearly Rs. 30,000 crores, about 440 lives were lost and 
about 1.5 million people were displaced. Now rebuild Kerala 
from such severe flood event, we need to understand the 
causes, mitigation measures, challenges in hydrology and water 
resources management. In this paper, an analysis on causes 
and effects of floods, major possible mitigation measures and 
challenges in managing the hydrology and water management 
is discussed. An effective integrated flood management system 
can effectively manage such future events. 

Keywords: Kerala floods 2018; Hydrology, Flood 
management; Mitigation; Challenges

1. Introduction
Flood can be defined as a rise in river water level for a short 
duration to a peak from which water level recedes at a slower 
rate (WMO, 1974). Amongst different natural calamities 
like cyclones, droughts, earthquakes, other disasters etc., 
the maximum damage were caused due to floods around 
the world (WMO, 1994). It is worth noting that better early 
warning systems and increased preparedness resulted in a 43% 
reduction in casualties due to floods in 2001–2010 compared to 
1991–2000 (WMO, 2013). However, a recent study by Dottori 
et al., (2018) projected human losses due to flooding to increase 
by 70-80% if the global mean temperature increases above 

1.5°C from the pre-industrial level. Flood runoff is generated 
from intense rainfalls as a result of intense cyclonic storms 
and depressions, ‘break’ situations in monsoon, association of 
El-Nino and La-Nina episodes or anthropogenic factors such 
as deforestation, man-made obstructions to free flow of river 
(Dhar and Nandargi, 2003).

The west coast of India guarded by the Western Ghats was one 
of the safest regions in the tropics, without significant natural 
calamities. Global warming has brought significant changes in 
the large scale global atmospheric circulations by increasing 
the amount of water vapour and modifying monsoon patterns. 
This has exposed the tropical region to climate extremes 
and unprecedented weather events. Being in the southern 
margins of the Western Ghats, Kerala has been surprised by 
multiple hazards (hydrological and geological) over a decade 
starting from the Great Indian Tsunami of 2004, series of 
severe cyclones (Ockhi 2017, Gajja 2018) and droughts 
(2004,2009,2013,2016,2017) to the devastating floods of 2018.  

On the other hand, there are significant changes in the land 
and waterscapes of Kerala due to direct human interventions. 
The changes to the landscape in terms of forest conversion/
extraction has a long history which has adversely affected 
not only these diverse ecosystems but also water resources 
of the region. There is an alarming reduction of forest cover 
(83%) in the Western Ghats during the last century.  There is 
significant reduction in the paddy/wetlands (77%) which were 
mainly converted to homesteads/ perennial tree plantations of 
coconut and rubber. The total paddy land of Kerala has reduced 
from 9 lakh ha in the 1970s to just 1.96 lakh ha in 2016 (GoK, 
2016).  The modification of wetlands has high impacts on the 
flood water retention and post-monsoon water availability in 
the state. The impact of such widespread modification of the 
landscape has also to be taken into account while assessing the 
impact of climate change on water resources in the region.

Most of the river basins in the state are highly controlled and 
modified by dams and diversions for catering multiple needs. 
The natural flow has been highly hampered in most of the 
basins especially during post monsoon months. At present, 
there are about 60 large dams in the west flowing rivers 
(Kerala and Tamil Nadu) concentrated mainly in four basins 
of Periyar, Bharathapuzha, Chalakudy and Pamba. Moreover, 
the numerous weirs, lift irrigation and drinking water projects 
operates in these river basins withdraw significant of amount 
water during post-monsoon months. Lowering of river beds and 
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water levels due to acute sand mining has resulted increased 
saline ingress and water scarcity in the downstream mid and 
lowland riparian stretches across the state. Interestingly, these 
are the very basins which had faced most severe devastation 
during the Kerala floods 2018. Hence, the floods of Kerala 
during 2018 have to be examined in this larger context of 
changing climate along with extensive changes in the physical 
landscape of Kerala.  In this paper, an analysis of causes and 
effects of floods, possible mitigation measures, and challenges 
of hydrological process and water resources management is 
briefly discussed.
2. Kerala floods - an analysis of rainfall, runoff and 
reservoir storage
Kerala receives an average annual rainfall of around 3000mm 
with 90% rainfall due to south-west and north east monsoons. 
From 1st June 2018 to 19th August 2018, Kerala received an 
abnormally high rainfall (42% above the normal) according to 
IMD data (Figure 1). This led to severe flooding in 13 out of 14 
districts in Kerala. Idukki had the highest departure in rainfall 
from normal (around 92%) followed by Palakkad (around 
73%). The analysis of IMD rainfall data from 67 rain gauge 
stations within Kerala found the cumulative rainfall amounts 
during 15-17 August 2018 to be quite significant (CWC, 2018). 
Peermade, a place between Periyar and Pamba sub-basins 
received more than 800mm rainfall and Idukki received more 

than 700mm rainfall during 15-17 August 2018. As per the 
CWC analysis, the rainfall of 15-17, August 2018 (with center 
of storm near Peermade)is almost comparable to rainfall of 
Devikulam, Kerala during 16-18, July 1924 which had led to 
severe flooding. The rainfall depth during 15-17, August 2018 
was 414 mm while was 443mm during 16-18, July 1924 for 
Kerala.

Figure 2 shows major river basins in Kerala prepared by 
Indian Institute of Remote Sensing using SRTM-30 m DEM 

Figure 1 
Comparison 
of normal and 
actual rainfall 
(June to August 
2018) in Kerala. 
The percentage 
departure of actual 
rainfall from 
normal is shown in 
bracket

as part of a hydrological study of August 2018 Kerala Floods. 
Periyar is the longest (244 km in length) and Pamba is the 
third longest river in Kerala (176 km in length). The runoff 
volume generated in the rainfall event of 15-17, August 2018 
of sub-basins where severe flooding occurred (Periyar, Pamba, 
Chalakudi, Bharathapuzha and Kabini)were estimated by 
CWC. The maximum discharge at CWC gauging stations on 
severely affected rivers are provided in Table1. The analysis 
of release and inflow data as given in Table 2shows that the 
releases from these dams were the controlled releases, as the 
discharging capacity of these dams are 5013 cumecs (Idukki) 
and 3012 cumecs (Idamalyar). Most of the dams were already 
at FRL or very close to FRL on 14 August 2018, due to more 
than normal rainfall in the months of June to July 2018 and 
hence, the dams in Kerala not much added to the flood nor 
helped in reduction of flood (CWC, 2018). 

The huge runoff generated within 3 days (15-17 August)i.e12 
BCM for entire Kerala was beyond the carrying capacity of 
most of the rivers in Kerala, resulting overbank flows from 
most of the rivers.The total live storage of Kerala is about 5.8 
BCM (Figure 3). The worst affected districts noticed were 
Wayanad (Kabini sub-basin), Idukki (Periyar sub-basin), 
Ernakulam (Periyar and Chalakudi) sub-basins, Alleppey and 
Pathanamthitta (both in Pamba sub-basin).
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Table 1 discharge at
stations of severe
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Chalakudy (Arangaly)
Bharathapuzha (Kumbidi)
Kabini (Muthankara)
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Table 2 Details of inflow and release during 15-17 Aug 2018

Water received as cummulative runoff in three days
(August 15-17 2018) in BCM

Figure 1 Comparison of 
normal & actual rainfall 
(June to August 2018) in 
Kerala. The percentage 
departure of actual 
rainfall from normal is 
shown in bracket 

Figure 2 Major river basins in Kerala (Source:Indian Institute of Remote Sensing)
https://www.iirs.gov.in/iirs/sites/default/files/upload/document/Kerala_Flood_Sep18a.pdf
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3. Evaluation of the causes and effects
3.1 Climate change impacts and extreme events
An initial assessment of the extreme rainfall and the role 
of major reservoirs was carried out in a study by Mishra 
et al., (2018). The study highlights that the Kerala flood 
was caused by multi-day extreme rainfall and partly due 
to high reservoir storage. The state averaged 2, and 3-day 
extreme rainfall had return periods of more than 200 and 
100 years, respectively. However, attributing the Kerala 
flood event to climate change is questionable although it 
is known that there is an increase in extreme precipitation 
under the warming climate. All the major reservoirs were 
more than 90% full before the heavy rain (14-17 August 
2018)and had larger return period than that the state had 
witnessed.
In order to assess the effect of climate change on 
floods, hydrologic models driven by GCMs (General 
circulation models) have been applied extensively 
(Kay et al. 2006; Dankers and Feyen 2008; Smith et al. 
2014; Madhusoodhanan et al., 2017).Numerical models 
(General Circulation Models or GCMs), representing 
physical processes in the atmosphere, ocean, cryosphere 
and land surface, are the most advanced tools currently 
available for simulating the response of the global climate 
system to increasing greenhouse gas concentrations. 
A major challenge in climate change assessments is 
associated with uncertainties due to different input 
datasets, climate models, hydrologic models etc. It is 
essential to incorporate the various uncertainties at 
different levels of climate change impact assessments. A 
detailed assessment of uncertainties in global land cover 
products in hydroclimate modelling in India can be found 
in a study by Madhusoodhanan et al., (2017). 
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3.2 Floods man made or natural?

A myriad of factors determine the frequency, duration and 
magnitude of floods.Ward (1978) has given three important 
causes of floods mainly meteorological (high rainfall 
magnitude), geomorphic causes which include channel 
migration, meandering growth, avulsion and natural changes 
in the elevation of channel bed or anthropogenic causes 
(construction of dams, barrages, embankments and other 
engineering works causing alteration to landuse pattern). 
Prediction of flood events is possible only when there is 
complete understanding of causes of flood-proceeding events 
in a basin.

A numerical simulation of floods under different reservoir 
storage scenarios was attempted in a study by Sudheer et al. 
(2019) using HEC-HMS, Hydrologic Modelling System of 
Hydrologic Engineering Centre, US Army Corps of Engineers. 
The role of dams and reservoir operations in causing flood 
in Periyar river basin were investigated in this study. The 
study suggested that reservoir operations during the flooding 
could not have helped in avoiding the flood situation as 
only 16-21% peak attenuation was possible by emptying the 
reservoir in advance, as the bulk of runoff to the flooding was 
also contributed by the intermediate catchments without any 
reservoirs to control. A revision of reservoir rule curves was 
suggested by regarding the dams as multi-purpose and multi-
reservoir water resources systems, and developing integrated 
reservoir operation policies so as to maintain the balance 
between flood control and other system objectives. However, 
using a 1D type model such HEC-HMS-RAS may not give 

3.3 Effects of flood
The Kerala flood caused the death of more than 440 people (Gulf 
News, 30th August 2018) and economic damage exceeding 
Rs 30,000 crore (News18, 17 August 2018). The operation 
of Cochin airport was suspended for over one week. Due to 
floods, infrastructure facilities like many buildings, highways 
and bridges were washed away and there was tremendous 
loss to agricultural land. The worst affected districts noticed 
were Wayanad (Kabini sub-basin), Idukki (Periyar sub-basin), 
Ernakulam, Periyar and Chalakudi sub-basins, Alleppey and 

much insight into this type of flooding event.

The role of Landuse/Landcover (LULC) changes in Kerala 
flooding needs to be examined in detail.  Figure 4(a) provides the 
landuse maps of years 1985, 1995 and 2005. The major LULC 
in Kerala is plantations (58% of total area), evergreen broadleaf 
forest (15.6% of total area), cropland, shrubland and grassland 
together constitute 11.3% according to the 2005 landuse map 
by National Remote Sensing Centre, India (Roy et al., 2015). 
Around 10 classes of landuse types could be identified. The 
notable changes in landuse type from 1985 to 2005 were 79% 
increase in built-up land, 7.65% reduction in forest (which 
includes deciduous, evergreen, mixed and mangrove forests) 
and 23% reduction in fallow land respectively (Figure 4b). 
As can be seen, due to large scale urbanization in the past 3 
decades and reduction in forest/ fallow/ grass land, there is 
huge impacts on the hydrological process with less infiltration 
and high runoff. Further, it can be seen that most of the 
urbanization/ development took place on river banks or flood 
plains leading to catastrophic effects during the heavy flooding.

However, it should be noted that a detailed study to assess the 
effect of landuse change on runoff using hydrologic models 
need to be performed at a watershed scale to have a better 
understanding of the impacts of the LULC changes. Satellite 
images can be effectively employed to assess the landuse 
changes and its impact on flood hydrograph determined using 
hydrologic models in various studies (Zope et al., 2016; Barasa 
and Perera, 2018).

Pathanamthitta (both in Pamba sub-basin) according to CWC, 
2018. Moreover, more than 1.5 million people were displaced 
from their homes for more than 2 weeks and took shelter in 
refuge centers. This has caused huge stress on economic, 
infrastructure and disaster management system of Kerala state. 
The state Gov. was forced to take help from defense forces 
for the rescue operations.  Fig 5 show photographs different 
regions submerged due to the floods in Kerala.

Figure 4 (a) Landuse/Landcover types in Kerala for the years 
1985,1995 and 2005

Figure 4 (b) Percentage Change in Landuse area from 
1985 to 2005
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Figure 6 A typical flood hazard map for 100 year return period 
(Zope 2016)

Figure 5 Photographs showing floods in different parts of Kerala in August 2018 (a) Aluva-Paravur region (b) Near Chenganur 
(c) 5 shutters of Idukki Cheruthoni dam opened during flood (d) Aluva region (e) Kuttanad region (f) Submerged Mananthavady- 
Kuttiadi highway in Wayanad (All images from google images: www.google.co.in)

4 Living with the floods? - Flood management
Flood management is possible by developing flood hazard maps, based on return period or historical data at watershed scale. 
River flood inundation can be predicted using hydraulic models like MIKE-11, HEC-RAS, Telemac, FLO-2D etc. Considerable 
amount of data and parameters like topographic data, the surface roughness parameter and flow boundary conditions are required 
for hydraulic modelling. Identification of flood vulnerable area can help in providing early warning, facilitate rescue operations 
effectively and thus can reduce the impacts of flood events. An integration of satellite imageries in Geographic Information System 
together with field surveys can aid in assessing damages caused by flood. A recent study by Indian Institute of remote sensing 
prepared flood inundation maps for three districts in Kerala during the recent floods using Sentinel-1, 2 data using Google Earth 
Engine & GIS tools is available at www.iirs.gov.in/iirs/sites/default/files/upload/document/Kerala_Flood_Sep18a.pdf. 

Further, we can prepare return period based flood hazard 
plans (based on intensity duration frequency curve and return 
periods) for 10 years, 50 years and 100 years return periods 
for each river basins and identify the flood zones (see Fig. 7). 
Further a typical flood hazard map prepared for a river basin 
in Mumbai for 100 year return period is shown in Fig. 6 (Zope 
2016). These can be used for future developmental plans, flood 
vulnerability and risk assessment and disaster management 
plans and preparation.

Figure 7 A typical flood depth map that can be generated using 
intensity duration frequency curves, rainfall return periods and 
hydrological modeling

Aluva region – near to Paravur

Aluva region – PeriyarIdukki reservioir

Kuttanad region

Wayanad region

Chengannur
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5. Rebuilding Kerala- Hydrological perspectives
Due to the devastating floods during August 2018, Kerala 
suffered huge losses in terms of human life, economical losses, 
infrastructural losses and displacement of people. Hence while 
planning for rebuilding Kerala for future, various hydrological 
perspectives to be considered. Some of the important aspects to 
be considered include:

• Development of flood hazard, flood vulnerability and 
flood risk assessment maps for all river basins based on 
past data and return periods of 25 years, 50 years and 100 
years return periods

• Restrict any future developments on the flood plains of 
the river basins – based on the detailed study and past 
experiences, develop future plans for all river basins by 
avoiding any kind of developments in severe flood prone 
zones, and minimal developments in less flood prone 
zones. If any encroachments are there in these zones, 
strictly remove those.

• While operating the reservoirs, there should be long term 
plans by considering the flooding scenarios. Safety of the 
dam as well as safety of the people downstream should 
be considered. This can be achieved by considering a 
safe discharge rate arrived based on a downstream safe 
water level, which can be fixed based on many criteria 
such as a safe flood line in all respect or a flood line with 
an acceptable level of damage. So the factors determining 
the release time would be the inflow rate to the dam, 
projected rainfall and safe discharge rate.

• The existing reservoirs should be managed in an integrated 
way by considering the flooding scenarios. For severe 
flood prone zones, possibility of new reservoirs for flood 
management can be investigated.

• Development of flood management/ disaster mitigation 
Centre say at Kochi and integrate all hydrological aspects 
including floods and droughts. A group of dedicated 
scientists/ engineers has to be trained for this Centre and 
real time system for flood/ water management is to be 
developed.

6. Concluding Remarks and Recommendations
In this paper, an analysis of Kerala floods – 2018, its causes, 
mitigation and management and future challenges within the 
context of hydrology and water management is discussed. 
Kerala flood – 2018 was caused by factors such as above 
normal seasonal rainfall, state-wide extreme rain, high reservoir 
storage during the season, drastic changes in the LULC in 
the last 3 decades and large scale urbanization on the river 
fronts by reducing the natural drainage. The severe flooding 
can be attributed to the heavy rainfall received within 3 days 
amounting to around 414mm from 15-17 August 2018 which 
forced the concerned authorities to open 35 reservoirs. An 
effective disaster plan and management to be developed to deal 
with such floods in future. An integrated reservoir operation 
policy needs to be framed to balance flood control and other 

utilities such as hydropower or irrigation. Further an integrated 
flood mitigation and management system is to be developed 
including real time flood forecasting for the vulnerable basins.

Following are the major recommendations with the hydrological 
and water management perspectives. 

• Develop a web portal to publish online daily data on dam 
storage and release levels of all dams in Kerala (presently 
only few dams operated by KSEB is publishing online 
data).

• Transparent, accountable, technical and integrated 
mechanism to monitor, forecast and manage floods in the 
future

• Develop hydrological models for flood forecasting and 
real time flood monitoring and integrate it with early and 
real time warning systems 

• Prepare dam operation guidelines and rule curves at 
river basin level, for multiple extreme rainfall scenarios 
(including hypothetical extremes)

• Integrated reservoir operations and schedule required 
for flood management.

• Prepare flood and drought maps at river basin levels 
for multiple extreme climate scenarios such as extreme 
rainfall, temperature and cyclonic conditions, heat waves 
etc.

• Translate flood related / other warnings into easily 
understandable common man parlance from a practical 
point of view.

• Develop disaster preparedness master plan for each 
district, Local Self Government (LSG) wise and put up in 
public domain, to be updated once every two years.

• Assess the vulnerabilities and risks associated with 
various possible extreme events in Kerala.
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Introduction
Climate change is one of several complex intrinsically 
interconnected global change processes that drive and regulate 
the Earth’s social-ecological systems with a broad range of 
cross-scale interactions and impacts. Unprecedented changes 
of the global climate system since the mid-20th century and 
their widespread impacts on human and natural systems 
(IPCC 2014:2), however, emphasise the urgency of better 
understanding climate change dynamics and adaptation options 

to their impacts. ‘Impacts are due to observed climate change, 
irrespective of its cause, indicating the sensitivity of natural 
and human systems to changing climate’ (IPCC 2014:6).

The Synthesis Report of the Fifth Assessment Report (AR5) of 
the Intergovernmental Panel on Climate Change (IPCC) asserts 
that the dominant causes of the observed warming since the 
mid-20th century have been extremely likely anthropogenic 
including anthropogenic greenhouse gas emissions and 
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other anthropogenic drivers (IPCC 2014:4). While warming 
of the climate system is unequivocal (IPCC 2014:2), there 
are significant regional and local variations of the observed 
changes.
 
The planetary boundaries approach, one of the conceptual 
frameworks that aims at defining ‘the safe operating space 
for human societies to develop and thrive’ and thus informing 
adaptation initiatives and adaptive development, and highlights 
the importance of understanding regional-level heterogeneity 
of these processes and their cross-scale interactions because 
of their influence on the global system’s resilience through 
cross-scale feedback loops (Steffen et al., 2015). Recent 
studies conducted by the Stockholm Resilience Centre and 
teams of researchers associated with the Resilience Alliance 
on cascading transformative changes, critical social-ecological 
transitions that can cause sudden catastrophic changes 
(Scheffer, Carpenter, 2003; Armitage, Charles, Berkes, 2017; 
Rocha et al. 2018) 

underscore the importance of studying cross-scale interactions, 
their impact on resilience, and review theoretical models 
applied for mainstream adaptations. 
 
Motivated by recent extreme weather events and their 
catastrophic impacts on Kerala’s social-ecological 
communities, and inspired by new theoretical approaches, 
this paper aims at (1) exploring regional and local processes, 
and their interactions that might influence Kerala’s adaptive 
capacities, and (2) offering policy and technological guidelines 
for strengthening adaptation efforts.

Data base on global climate attribution

There are consistent changes other than the expected variations 
in the physical and biological systems of all the Oceans and 
continents.  These changes are recorded in the terrestrial 
biological system , hydrosphere and cryosphere.  The attribution  
of these changes in various ecosystem have profound regional 
and temporal variations.   The biggest data base related to 
response of the impact of temperature on physical and biological 
system is available   in Europe and North America where as it 
is minimum at Latin America, Australia and Africa (Cynthia 
et.al, 2008).    The collection and proper documentation of data 
related to climate change impact  in continents and oceans are 
sparse in many regions of Indian Ocean, Pacific Ocean  and the 
continents viz. Asia, Australia, Africa.   The lack of credible 
data base  and published studies are the biggest menace  to have 
a coordinated efforts for climate change adaptation at regional 
and global basis .  
The impact of climate change may force millions as refugees 
in their own country.  Three regions (Sub-Saharan Africa, 
South Asia, and Latin America)—climate change could force 
more than 143 million people to move within their countries. 
South Asia is recognized as being very vulnerable to climate 
change. The region’s varied geography combines with regional 
circulation patterns to create a diverse climate.  According to 
IPCC report in Asia  in the filed of agriculture   there will be 
2.5 to 10 % decrease in crop yield   during 2007 to 2020 and  
during the year 2050,  it is predicted as  5 % to 30 %.  About 
120 million to 1.2 billion people  will have water stress during 
2007 to 2020 and this will be 185 million to 981 million during 
the year 2050.  

Natural climate system,  Human dimension 
The natural climate system is altered due to the act of human.  
Responses of nature  to anthropogenic are not uniform. These 
responses varies locally.  The physical, biological and chemical 
indicators of climate change also differs region wise.  The 
changes in climate / weather  influence in the daily life  and 
business of living being and changes the human life particularly.  
The altered natural climate system and its feedback loop have 
a non linear epoch.  It  is amplified unknown ways. The present 
social system is totally coupled / depend on natural climate 
system.  We should develop adaptation / mitigation measures 
to sustain social systems.

Alterations to the earth’s atmosphere that occur over much 
longer periods—decades to millennia—are characterized as 
“climate change.” While climate change can be caused by 
natural processes—such as volcanic activity, solar variability, 
plate tectonics, or shifts in the Earth’s orbit—we are usually 
referring to changes attributable to human activity when 
talking about climate change, such as increased greenhouse 
gas emissions.

Climate change is a problem with ever emerging properties. 
This is a problem that cannot be resolved by science and 
Technology alone. It is intractable for one solution since it is 
constantly changing.  Climate change is to be approached with 
many solutions . The solution should be that of altering and 
adjusting as per the ever emerging properties / problems of 
climate change.

The societies in total are embracing adaptation as an effective 
solution for climate change.  Mitigation is incorporated as 
one of the measure of adaptation.  Lack of large and relevant 
database is a major defect for proper adaptation measures .  The 
observed systems of climate change are found in all regions 
and systems. The changes related to regional warming were 
recorded in coastal process, marine, terrestrial , agriculture, 
forestry, fresh water etc .  Documentation of these observations 
are very sparse in physical and biological responses of tropical 
and subtropical regions viz. Africa, South east Asia, Australia, 
South America, Indian Ocean and some region of Pacific. 
This is due to lack of data and published studies, lag effect 
of response and resilience in systems. The wide spread data, 
International accords and national policies are essential for 
adaptation inclusive mitigation.

Socio-ecological system , Resiliency  and adaptation
Adaptation is the extent to which community [a system] have 
the adaptive capacity to absorb and rebound from anticipated 
[can be unanticipated as well] impacts.  Resilience is the 
capacity of social, economic, and environmental systems to 
cope with a hazardous event or trend or disturbance, responding 
or reorganizing in ways that maintain their essential function, 
identity, and structure, while also maintaining the capacity for 
adaptation, learning, and transformation

Socio-ecological system (SES) consist the biophysical realm 
(ecological subsystem) and social realm (human subsystem) 
and are closely linked with resilience, vulnerability and 
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adaptive capacity. Sensitivity is an inherent property of SES.  
The capacity of response is the ability to adjust to a disturbance, 
potential damage, utilize opportunities and cope with changes / 
transformation .A sensitive system may or may not be resilient. 
An insensitive system have low vulnerability and resilience. 
The history of past exposure is important to build resilience. 
The adaptive capacity of SES  depends on (1) how it cope with 
environmental emergencies (2) how it improve its condition 
thereafter.  Adaptations will alter the system  / shift the system 
to a new state.    In SES the concepts of vulnerability, resilience 
and adaptability are  related in non-trivial ways. Contributing 
to the role of integrating social and biophysical sciences in 
climate change research

Compared to physical and ecological dataset, the availability of 
data on social impacts of the changing climate is significantly 
more limited than datasets based on biophysical research. The 
nexus between social inequalities and inequalities in adaptive 
capacities to climate change is gaining increasing scholarly 
attention, however, at a slower pace than biophysical climate 
change research and adaptation would require (World Social 
Science Report. 2016). Research investment into the social 
impacts and social drivers of climate change is critical as 
‘climate change will amplify existing risks and create new risks 
for natural and human systems. Risks are unevenly distributed 
and are generally greater for disadvantaged people and 
communities in countries at all levels of development.’ (IPCC 
2014:13). Attention to underprivileged communities and their 
compromised adaptive capacity is echoed in IPCC’s Special 
Report Global Warming of 1.5oC that calls for ‘climate resilient 
development pathways’, an adaptive development approach 
(see also Agrawal, Lemos, 2015) that is most effective when 
policies involve synergies with sustainable development, 
poverty eradication and reducing inequalities (IPCC SR15:5).

Although inadequate monitoring and limited access to 
databases present obstacles to building effective adaptation to 

climatic change, there is a more pressing theoretical challenge, 
that is ‘changing the intellectual climate’ of climate change 
and adaptation research (Castree et al. 2014), in other words 
an epistemological integration of social and natural sciences 
and their methods. Adopting and mainstreaming an integrated 
social-ecological systems approach and related integrated 
epistemologies is a prerequisite for effective adaptation that 
draws on social and ecological capacities and integrates 
adaptation with development goals (Agrawal, Amos, 2015, 
Fisher at al, 2015, Armitage et al, 2017). 

Trans-disciplinary research that engages diverse epistemic 
traditions in academic research (Deri, Sundaresan 2015) 
has been an increasingly accepted approach in developing 
adaptive capacity (IPCC 2018:17). Collaborative research 
among academic researchers of various disciplines (multi- 
and inter-disciplinary approach), trans-disciplinary research 
(collaborative research among academic and non-academic 
inquirers based on shared goals) and a broad range of 
community-based research and the highly contextual local 
change patterns, in both spatial and temporal dimensions, and 
the local community’s social dynamics requires an experimental 
approach in adaptation to local impacts of climate change.  As 
Siders (2019) suggests, knowledge co-production depends on 
the ability, the capacity of the social groups to collaborate, build 
trust to be able to experiment and prepare for uncertainties: ‘At 
its core, adaptive capacity research is a practical exercise – an 
attempt to enable social groups to better prepare for ongoing 
effects of climate change.’ Essential elements of effective 
adaptation includes information, finance, technology, social 
values and attitudes, enabling institutions, and collaborative 
experimentation (IPCC 2018 SR15:5; Siders 2019). The 
importance of local, traditional, indigenous knowledge in local 
adaptation is reflected in an upcoming IPCC Special Report 
on climate change and traditional / indigenous knowledge 
(personnel communication). 

Attribution of Climate Change in India.

There is strong evidence for the occurrence of climate change 
in the form of global warming. Over the last few decades, 
temperatures have risen nearly everywhere as is the case 

Figure 1: 21st century climate change 
projections of surface air temperature 
(left) and summer monsoon rainfall 
(right) changes over India (with respect 
to the 1961-1990 base period climate) 
by climate models participated in IPCC 
5th Assessment Report (AR5), under 
four global warming Representative 
Concentration Pathways (RCP 2.6, 4.5, 
6.0 and 8.5). Observations during the 
historical period are based on Climatic 
Research Unit (CRU, Harris et al. 2014) 
data. 

for India (Fig. 1). These trends in temperature and summer 
monsoon rainfall have accelerated since the 1990s. 
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“Trends in global CO2 emissions: 2013 report” 
PBL Netherlands Environmental Assessment Agency
Emission Database for Global Atmospheric Research 
(EDGAR) 

Figure 2: CO2 emissions from India since 1990 based on
EDGAR data.

According to climate scientists, the accumulation of CO2 
and other greenhouses gases (GHGs) in the atmosphere is the 
fundamental cause of recent global warming. In support, CO2 
emissions show a clear increase over the last two decades, 
regionally as well (Fig. 2). The more GHGs there are in the 
atmosphere, the more heat is trapped and the higher the Earth’s 
temperature becomes. Today the major cause of the increase in 
CO2 emissions is human activity (anthropogenic).

Anthropogenic GHG emissions also include methane 
(CH4) and nitrousoxide (N2O) and others such as hydro 
fluorocarbons that are released by various industrial processes. 
Global emissions of CO2, similar to the emissions from India 
continues to rise . 

The major sources of anthropogenic GHGs in India shows 
that the energy sector and especially electricity and heat are 
responsible for the majority of GHG emissions from India . 
Direct agriculture activities (23%) are about as important as 
industry (15%) and transport (6%). Contribution from land-use 
changes consisting mainly of the harvesting of agriculture and 
forestry products and the clearance of natural vegetation for 
agriculture and constructionsis also an important source.

Attributing rainfall and drought of Kerala to climate change.

The variability of rainfall over Kerala and historical drought 
events is examined using the IMD gridded rain- fall data sets 
during 1901–2016. The annual and summer monsoon rainfall 
over Kerala is showing a decreasing trend and post monsoon 

rainfall is found to be increasing. Reduction in 
monsoon rainfall over Kerala is mainly driven 
by both the weakening of upper and lower 
level Monsoonal circulations. Any shortfall 
in one season is compensated by other season 
so that annual water stress is minimized 
during most of the years. In general, annual 
drought years are associated with extreme 
JJAS drought and also corresponds to ElNino 
years. However, extreme OND drought years 
are not necessarily leads to annual drought and 
OND extreme droughts are more pronounced 
during LaNina events. Pacific tele-connection 
on extreme drought and flood events reveal 
that, there exists a weak negative (positive) 
relationship between Pacific SST and Kerala 
summer monsoon rainfall during ElNino 
(LaniNa) years. This relationship reversed in 
the case of post monsoon rainfall. It is found 

that following a extremely deficit JJAS season of 2016, the 
OND rainfall became more than 60% deficit and marked as 
the extreme OND Drought  year. During 2016 OND season, 
ElNino pattern which was present during the onset phase of the 
summer monsoon changed to neutral to weak LaNina phase 
and this might have also reduced the easterly wave activity 
near southern peninsular India and hence OND rainfall. The 
extreme JJAS drought together with extreme OND drought 
was primarily responsible for the extreme annual drought 
situation during 2016. On all time scales, both short term and 
long term droughts increased over the time and that may be 
attributed to the effect of climate change. Most of the ElNino 
associated deficit JJAS years are compensated by the excess 
or normal rainfall during OND season so that annual rainfall 
remains near to normal and water related stress do not translate 
to extreme annual agricultural and hydrological drought. The 
year 2016 marked as the extreme historical annual drought over 
Kerala, as both JJAS and OND seasons experienced extreme 
dry condition. Though there are different thresholds used to 
classify drought events using SPI on different time scales, 
region specific thresholds may be attempted for better informed 
decision making. Trend analysis of SPI on different time scales 
shows decreasing trend and the negative trend increases with 
time scale. This signals that, occurrence of longer time scale 
droughts are becoming more frequent in the recent decades over 
Kerala. If the SPI trend at the end of the time period continues 
for another few seasons, it may lead to the worst case of drought 
in the history of Kerala. Based on this analysis, alarming 
decreasing trend of south west monsoon rainfall over Wayandu 
district of Kerala attracts attention of local administration and 
government is started devising better adaptation and mitigation 
measures. Following this, the Meenangadi Panchayath, a Local 
Self Governing Body of Wayanadu district is selected as the 
first carbon neutral panchayath of the state.

Understanding the summer monsoon variability and extremes 
over Kerala under anthropogenic warming is still a major 
challenge. It is evident that the natural variability along with 
anthropogenic activities are responsible for the realized changes 
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Figure 3: CO2 emissions per capita from fossil fuel use and cement production 
in top 5 emitters [(i) Sources: EDGAR 4.2 (1990-2011); (ii) UNPD, 2010 Annex 
I range (grey dashed lines): indicates the minimum and maximum per capita 
values spanned by major industrialized countries as listed in right panel; and 
Uncertainty margins: 5% for the United States, EU27 and India, and 10% for the 
Russian Federation and China].

in the rainfall and temperature over a region. In line with 
observations, Most of the CIMIP5 models shows the shift in 
maximum rainfall peak month (MRPM) from June to July over 
Kerala region. Compared to North and Central Indian region, 
Southern peninsular region including Kerala experienced 
58least warming in recent decades. However lower to middle 
tropospheric warming is noticeable in observations during 
recent decades. It is important to note that, there is a noticeable 
increase (decrease) in the frequency of heat wave (HW) days 
observed during ElNino (LaNina) events. This is opposite to 
that of cold wave (CW) condition. Significant increasing trend 
in the severity of heat waves is being observed during hot 
weather seasons over Kerala region. On the contrary, there is 
no similar decreasing trend is found in cold wave condition 
over Kerala as CWs is rare over these tropical latitudes. In 
brief, the future climate of Kerala region is predicted to be 
warmer. In the case of rainfall, the response to this warming 
temperature is rather more complex and wet region like Kerala 
is not getting wetter and regime shift and overall redistribution 
of rainfall may be expected over Kerala in future. Due to the 
increased variability in the rainfall along with increasing future 
trend in temperature helps more water vapour availability in 
the atmosphere. This in turn may lead to the increase in the 
frequency and severity of extreme rainfall events. Under 

this condition, the predictability reduces and prediction of 
future rainfall becomes challenging. Though pre-monsoon 
season accounted for less than 10% of the annual rainfall 
received over Kerala, the weather hazards associated with pre-
monsoon thunder clouds is likely to increase. The frequency 
and severity of lightning strikes, flash floods, cloud bursts and 
microburst may increase in future. This may be attributed to 
the increased atmospheric instability due to increased surface 
heating and moisture content. Since lightning is the major 
source of atmospheric nitrogen oxides (NO¬x) which favors 
the production of tropospheric Ozone (O3), which is also a 
greenhouse gas and changes in lightning activity may cause 
an additional warming through positive feedback. Hence there 
is a strong and widely felt need for understanding the science 
of climate change at regional and local scale over Kerala. 
Policy makers seeks reliable, accurate and robust information 
regarding the climate change scenario over Kerala region 
and several attributes of the climate projections for decision 
making. Considering the inherent uncertainties involved in 
the climate projections over Indian region, there is an urgent 
need for regional cooperation and capacity building at regional 
and local level to assimilate the already existing knowledge 
on climate change impact on various sectors like agriculture, 
water resource etc. 

Extreme Events in Future
We have analysed indices derived from daily Tmax and daily 
precipitation from the 20-km model, as recommended by 
World Meteorological Organization/World Climate Research 
Programme on Climate Variability and Predictability (WMO/
WCRP CLIVAR) Expert Team for Climate Change Detection 
Monitoring and Indices (ETCCDMI) (Alexander et al. 2006) 
based on indices of occurrence of warm days (TX90p) and 
very wet days (R95p). TX90p represents the warmest decile 
for Tmax and R95p represents rainfall falling above the 95th 
percentile which includes extreme precipitation events. The 
pattern of changes in number of extreme precipitation events 
(R95p) also correspond to that of intense precipitation events 
and the seasonal mean precipitation, especially for peaks in 

frequency over West Central India and Central Northeast, and 
reduction over the southern west coast and parts of Northwest 
India and Jammu-Kashmir. The pattern of changes in the 
frequency of intense precipitation events in monsoon season 
is similar to those of seasonal mean precipitation. Over 
southern west coast, the number of extreme rainfall events 
will be reduced due to climate change. The pattern of future 
precipitation change for summer monsoon season suggests a 
weakening of the orographic rain over the states, due in large 
part to the changes in the intense precipitation regime. Over 
the other parts of the country extreme rainfall events will be 
increased in a monsoon season under changed climate.
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Figure 4 also shows the probability density functions (PDFs) 
for the daily Tmax above 90 percentile for JJAS season. The 
mean and standard deviation of present-day climate PDF is 
different from those

Over Kerala, extreme rainfall projection shows decrease over 
most parts except the southern districts . Over the northern 
parts, the reduction in mean rainfall and wet events will occur 
along with an increase in the number of hot events. Projection 
also indicates that during monsoon (JJAS), the number Of 
extreme hot-events (TX90p) will be increased in future over the 
entire country. Figure 10b also shows the probability density 
functions (PDFs) for the daily Tmax above 90 percentile for 
JJAS season. The mean and standard deviation of present-
day climate PDF is different from those of future simulation, 
indicating a clear shift towards warmer conditions at the end 
of the century.

Over Kerala, extreme rainfall projection shows decrease over 
most parts except the southern districts. Over the northern 

Figure 4: Changes in number of days in JJAS 
with precipitation greater than 95 percentile 
between present and future simulations of 20-
km model. Frequency distribution of daily 
mean precipitation above 95 percentile in JJAS 
(left). Future changes in number of days in 
JJAS with daily maximum temperature (Tmax) 
greater than 90 percentile, between present and 
future simulations of 20-km model. In inset: 
probability density functions (PDFs) of daily 
Tmax above 90 percentile in JJAS (right).

Figure 5: District-wise changes in number of days in JJAS with precipitation 
greater than 95 percentile between present and future simulations of 20-km 
model.

Climate change database for impact assessment and 
development: adaptation and mitigation options for Kerala- a 
multi disciplinary simulation and modeling

This involves a wide range of disciplines viz. Geo-informatics, cyber 
technology, climate change informatics, Geophysics, modelling, marine 
science, health, bioinformatics, web search, data mining etc.  It implicitly 
involves the   interaction between science domains, computer science, 
information technology and survey.   The theme is  “strategic steps to 
develop capacity to improve governance of the regions of Kerala that are 
affected by climate change impact.   

parts, the reduction in mean rainfall and wet events will occur 
along with an increase in the number of hot events. Projection 
also indicates that during monsoon (JJAS), the number of 
extreme hot-events (TX90p) will be increased in future over 
the entire country.

It is important to study the impact of this changed climate 
scenario for crops in the states. The pattern of number of hot 
events in JJAS is caused in part by the summer surface moisture-
precipitation feedback. The probability density functions 
(PDFs) for the daily Tmax for present-day and future monsoon 
season indicate a clear shift towards warmer conditions at the 
end of the century . Thus, differences between the distributions 
for the occurrence of warm days in the present-day climate and 
future warming climate, suggest that there will be warming of 
maximum temperatures in future. These results warrant the 
necessity for undertaking impact studies of such scenario for 
accurate assessment of local and regional-scale vulnerability 
to climate change.

Vulnerability and Adaption Approach

Screen for
Vulnerability
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The projects identified under vulnerability study for
climate change adaptation of Kerala

1. Regional climate modeling and simulation

2. Holocene geology of Kerala coast - its significance in future 
climate and sea level predictions. Estimating the Vertical Land 
Motion (VLM) of Kerala coast for constraining Relative Sea-
Level Change.

3. Background information studies (BIS)  on chemical 
parameters of water, sediment, biota, atmosphere in the coastal 
Kerala

4. Integrated study of ocean carbon dynamics for seas (South 
East Arabian sea) with emphasis on ocean productivity and 
carbon sequestering

5. Possible impact of climate change on benthic fauna 
and its role in carbon sequestration in tropical coastal 
wetlands.  Coastal ecosystems: effects of climate change on 
the community structure and productivity of planktonic and 
benthic communities

6. Impact of climate change on   life history traits, stock 
recruitment, distributional boundaries, community structure 
and fishery  of the commercially important fin and shell fishes 
of  the coastal and inland waters of Kerala

7. Design and development of inland water transport system 
for reducing GHG emissions in  Kerala’s transport sector

8. Develop a framework and decision support tool to assess the 
climate change and its impacts on livelihood and developmental 
processes.   Assessing impact of climate change to tourism.  
Developing large scale forecasting and modelling of the various 
parameters using high power computer simulation tools

9. Impact of climate change on water resources and human 
health in Kerala and options for mitigation and adaptation: a 
legal perspective

10. Biotechnology for mitigation of climate change due to 
global warming

11. Agro meteorological investigations of agriculture in Kerala

12. Biomarkers from sediments - Sediment provenance and 
paleoclimatic utility- a case study of different coastal marine 
ecosystems of Kerala

13. The role and response of forests of Kerala in the context of 
climate change

14. Web enabled decision support system for Climate change 
adaptation strategies to manage natural resources for sustenance 
of livelihoods in Kerala

15. Assessing impact of climate change on transport sector of 
Kerala

16.  Climate risk management & adaptation research and 
training with reference to pokkali rice cultivation system & 
Kuttanad below sea level farming system

17. Climatic changes and health hazards - a prospective 
multicentric observational study in Kerala

18. Impact of climate change on microbiome, virome and 
enteric infections among school children in Kerala.  Mitigation 
measures for Leptospirosis under Climate Change induced 
extreme weather event scenarios in Kerala.

19. Study on carbon storage by major Mangrove flora of 
Kerala.  Seaweed cultivation for livelihood

20. ICT- Enabled framework to accelerate the studies in the 
area of Climate and environmental Studies.

21. Circulation, water masses, and climate variability in the 
coastal and offshore regions of Kerala

22. Evaluation of the impact of climatic changes on Industrial 
Pollution  in Kerala. Technology development for climate 
change adaptation

23. Bacterial diversity of different ecosystem by suitable 
molecular tools and their possible roles on climate change

24. Impact of climate change over construction and maintenance 
methodology of roads in Kerala

25. Terrain evaluation for identification of landslide hazard 
susceptible hill slopes along two different national/state 
highways, Idukki district, Kerala

26.  Vulnerability assessment and development of adaptation 
strategies for climate change impact on the coastal sea area 
of kerala - data base generation biogeographic migration of 
marine living organisms in Arabian sea.

27. Geo - Spatial Technology (GST) and Information 
Communication Technology (ICT) for inclusive planning.  
Strategic intervention for climate change adaptation

Vulnerability and Adaption Approach

Screen for
Vulnerability
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Technology for Climate Change Adaptation developed  
in India-  Appropriate technology for Kerala

1. Solar still for potable water 

2. Compact biogas plant for recovering fuel and manure from 
food wastes

3. Eco-Bioengineering systems for household grey water 
treatment/reuse

4. Clean bioprocess for recovering coir fibre and biogas from 
coconut husk

5.  To develop seaweed based food products

6. Solar dryer for fish drying

7. Technology to determine bio geographic migration of 
predator population like tuna fishery at Lakshadweep Sea

8. Forecasting with fishers –  a case study of co-producing 
weather knowledge 

A scenario of climate change makes it necessary for forecasters 
to provide accurate, accessible, and actionable weather 
information – for decision-making on safety of lives and 
livelihoods. The contexts of users of this information are 
diverse, culturally, behaviorally, and organizationally. One-
size-fits-all styles do not work. To get around this problem,  
scientists are increasingly trying co-production of knowledge. 
It is a theory and practice that goes back to the 1970s’ changed 
thinking that scientific knowledge’s a product of socially 
distributed work (1,2,3). Co-production fills the gap between 
knowledge production, its context and use, (4,5) bringing 
forecasters, scientists and user groups together.

An effective means of co-production is to have boundary 
organismactions that link science producers, users, and 
mediators to create, sustain, and share a space for interactions, 
products, and strategies (6,7). Boundary organizations can 
contribute to better weather forecasts– by value adding, and 
widening forecast dissemination and usage. NOAA tries this 
method  in the US to share climate adaptation knowledge; UK 
Met Office uses it in Africa to develop weather products. 

A local example of co-production using the concept 
of a boundary organization on a very-small scale is 
Radio Monsoon here in Thiruvananthapuram. It is an 
online, phone-in marine weather service, run by very 
small group that works together with IMD, INCOIS, 
and SDMA. They give artisnal fishers wind, wave 
and current forecasts over free mobile phone calls 
through a server of Gram Vaani, an IIT-Delhi start-
up, social media, and loudspeakers when the weather 
is bad. They have plans to go on air. Uniquely, 
they gather feedback from the fishers by way of 
interviews, focus groups and informal conversations 
– and share it with the forecasters.  The forecasters 
get insights on the fishers’ everyday risks, track 
and talk about remote storm systems as the fishers 
request. The model and the process are informed and 

supported by University of Sussex research aimed at safe and 
sustainable fishing.

Changing climate means more extreme events, like what we 
have seen in Kerala. Forecasters  need to know more about 
ocean-atmosphere interface, and its impacts on ground. There 
is scope for an effective user interface system, and forecast 
design in synergy with multiple groups. 

There is the case for a boundary organisation to co-produce 
weather and climate knowledge, complemented by a weather 
radio over multiple channels.

Climate Change adaptation to regions - Netherlands and 
Australia (Sydney)

With an accelerated sea level rise predicted for the second half 
of this century, regions that are currently already below Mean 
Sea Level will become extra vulnerable. Recent predictions 
point at possible SLR of 2-3 meter in 2100 (Deltares, 2018), 
and even up to 5 meter in 2200. This implies that we have seen 
only 5% of the expected sea level rise so far (figure 7), with 
hurricanes, typhoons and cyclones occurring more often and 
becoming more severe. The impact of these disasters is already 
huge, as we have seen in New York, Queensland, Japan and 
China. If these disasters happen when only 5% of sea level rise 
has occurred in the past, the future will be worse, and hugely 
different. Protection with dikes, and other coastal protection 
systems only will no longer suffice, simply because the higher 
the protective walls become, the more vulnerable. Therefore 
new, innovative solutions have to be developed. In the 
Netherlands, vulnerable by nature because most of the country 
is located below current sea level, new principles have been 
used to tackle this problem. In general, the new approach is 
called building with nature. The core consideration is that nature 
itself is better capable of adjusting to changing circumstances 
than mankind can with its artificial interventions. The systemic, 
adaptive capabilities of nature have a much larger adaptive 
capacity than the robust structures man implements to protect 
lower lying areas from flooding.

Fig.7 Predicted sea level rise and hurricanes of the past
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Good examples have already been realized. In the Netherlands a 
real-life experiment has been implemented in front of the North 
Sea coast. The so-called sand engine (figure 8) consists of the 
principle to feed the sea with sand, which subsequently will be 
organized by the natural flows, currents and wind patterns so it 
will strengthen the dune-system and broaden the beach. Hence 
this adds to the protective potential of the entire coast. Nature 
itself is shaping its defensive system and as a result of this the 
hinterland is more protected than a sea wall or dike ever could.

A second example of building with nature is the Floodable 
Eemsdelta plan (figure 9). In this plan the protective dike is 
seen as a very vulnerable solution, and therefore it is proposed 
to create a small hole in it, so the sea water can enter the 
landscape behind the dike. This is done so the landscape can use 
the incoming water to shape itself in the best possible way, and 
secondly because this way a dike break is no longer possible 
as the water is already behind the dike. Thirdly, this makes 
the landscape independent from the pace of sea level rise. The 
landscape has the time from now to adjust to the circumstances 
in whatever pace sea level is rising. Small interventions in the 
landscape will keep it inhabitable and creates the conditions for 
housing to float when the water levels are rising.

Fig. 8 Sand Engine

Fig. 9 Floodable Eemsdelta

Fig.10 Sydney Barrier reef

Conclusion
Climate Change adaptation - Synthesis diverse intelligence and 
information and Integrating knowledge viz. 
1. Integrated Multi disciplinary research.
2. The researchers should be trained to think beyond their 
discipline on which they are trained.
3, There should be spectrum of participatory research.
4, The reward structure of scientists and researchers and tenure 
system of academics are disciplinary nature / excellence in 
discipline and is to be changed for integrated multidisciplinary 
research.
5. The tenure system of academic should be based on 
participatory research.
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Rebuild a new Kerala:
A Disaster Risk Management Perspective

Dr. Sekhar L. Kuriakose
Member Secretary, Kerala State Disaster Management Authority, Thiruvananthapuram

Kerala is a state highly vulnerable to natural disasters and the 
changing climatic dynamics given its location along the sea 
coast and with a steep gradient along the slopes of the Western 
Ghats. Kerala is also one of the most densely populated Indian 
states (860 persons per sq.km) which makes it even more 
vulnerable to damages and losses on account of disasters. 
Floods are the most common of natural hazards that a?ects the 
State. Nearly 14.5% of the State’s land area is prone to floods, 
and the proportion is as high as 50% for certain districts. The 
State lies in seismic zone III which corresponds to Moderate 
Damage Risk Zone (MSK VII). The State falls under Moderate 
Damage Risk Zone for Wind and Cyclone (Vb=39 m/s). As 
per IMD data for the period 1877-2005, the state witnessed six 
cyclonic storms and five severe cyclonic storms. The state also 
witness high incidence of lightning, especially in the months 
of April, May, October and November. Lightning strikes cause 
heavy loss of lives in the State. 

Landslides are a major hazard along the Western Ghats in 
Wayanad, Kozhikode, Idukki and Kottayam districts (as seen 
in the weather led disaster that occurred in 2018).The western 
flank of the Western Ghats covering the eastern part of Kerala 
is one of the major landslide prone areas of the country. 1500 
sq.km. in the Western Ghats is vulnerable and every year 
with the onset of monsoon, and landslides are reported.  The 
mountain regions experience several landslides during the 
monsoon season (Kuriakose, 2010) leading to road collapse, 
silting of river beds and creating heavy damages on public and 
private assets. 14.8% of the state is prone to flooding (CESS, 
2010). The coastline is prone to erosion, monsoon storm surges 
and sea level rise. Land subsidence due to tunnel erosion or 
soil piping is a slow hazard that has recently been affecting 
hilly areas.
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The coast line of Kerala (590 km) is one of the most 
densely populated land areas in the country. More than half 
of the area of the State is only 4 meters above sea-level and 
encroachment by the sea severely affects the economy of the 
State. A substantial part of population not only lives close to the 
coastline but also lives off it and they belong to the vulnerable 
sections of the society. This coastline is exposed to high waves, 
storm surges and Tsunamis. Sea erosion is one of the recurring 
natural hazards affecting the coastline in the State, as part of 
the erosion - accretion cycle. It is feared that with the predicted 
rise in sea level, as a result of the greenhouse gas effect, the 
rate of beach erosion and loss of coastal properties are on the 
rise.  The state has taken efforts to reduce the erosion with 
multiple interventions such as coastal sea walls, breakwaters/
spurs jetting into the sea, under water sand filled geo-textile 
tubes to reduce the intensity of the waves, etc. Coastal erosion 
has resulted in loss of life and property of the coastal fisher-
population who are among the most economically backward 
communities in the State. Apart from loss of lives, hundreds of 
houses and public infrastructure are damaged due to the fury of 
the sea. Almost all fisher families prefer to live along the coast 
and very few of them tend to have landed property or houses 
further inland. Therefore, their vulnerability to the vagaries 
of sea waves and magnitude of the following disasters have 
been increasing, damaging livelihoods and properties of the 
fishermen community. 

Kerala experiences seasonal drought conditions every year 
during summer months. Kerala experienced 66 drought years 
between 1881 and 2000. More than 50% of Kerala’s land 
area is moderately to severely drought susceptible. After the 
drought years of 2002-2004, 2010, and 2012, Kerala State was 
officially mapped as mild to moderately arid by the Indian 
Meteorological Department (IMD). In 2017, the IMD stated 
that the year brought the worst drought in 115 years. Increasing 
incidence of drought is mainly due to weather anomalies, 
change in land use, traditional practices and lifestyle of people.
Other natural hazards faced by the states includes forest fires, 
soil piping, swell waves and tsunami.

Almost three-quarters of the population lives in urban areas, 
urban sprawls and fast urbanizing rural areas.  Kerala’s 
mountainous topography and hydrological features increase 
their vulnerability to natural hazards. Communities regularly 
face low-severity, high-frequency disasters such as floods, 
rains, landslides, flash floods due to intense precipitation and 
mudflows. Many rural households whose male heads are 
working abroad are vulnerable, although household members 
left behind have mobility, but interrupted exposure to disaster-
related information and limited participation in community 
awareness-raising activities and training.

With high density of population and major establishments along 
the sea coasts, large investments are required to undertake 
protection measures and other mitigating measures, based on 
scientific data.

The heavy monsoon of 2018 brought widespread flooding to 
several districts of Kerala state and triggered a large number 

of small to big landslides. The extreme and prolonged rainfall 
spell in August 2018 led to the worst flooding in Kerala in 
nearly a century impacting almost 5.4 million people - one-
sixth of the State’s population. Several districts were inundated 
for more than two weeks due to heavy rains induced floods. 
The torrential rains triggered several landslides and forced 
the release of excess water from 37 dams across the State, 
adding to the impact of floods. Nearly 341 major landslides 
were reported from 10 districts. Idukki district was ravaged 
by 143 landslides. 1,260 out of 1,664 villages spread across 
its 14 districts were affected. Seven districts were worst hit: 
Alappuzha, Ernakulam, Idukki, Kottayam, Pathanamthitha, 
Thrissur and Wayanad where the whole district was notified 
as flood affected.  The devastating incident delivered a total 
of 435 casualties, with 6,85,000 families being affected 
with loss of assets and property forcing them to temporarily 
move to relief camps during the peak of the disaster. The 
Government conducted timely and efficient rescue and relief 
operations to save many lives, heavily supported by affected 
communities mobilizing on their own, and effective application 
of information technology and social media by voluntary youth 
groups to support rescue operations. The people of Kerala also 
showed remarkable resilience in the face of the adversity to 
the extent that within one week of flood waters receding, most 
people returned to their homes to rebuild their lives.

Risks in the State: Disasters are awakening calls leading to 
detailed analysis of the causes and forecasts. KSDMA in its 
Disaster Management Plan (DMP) has identified 39 hazards 
that the State is susceptible to. These were categorized 
under two broad heads i.e. Naturally Triggered Hazards 
(Natural Hazards) and Anthropogenically Triggered Hazards 
(Anthropogenic Hazards).

Disaster risks are exacerbated by a critical factor that has been 
silently increasing in the State, which is the land use pattern 
and practices. Land use regulations are limited to multiple, 
incongruent acts, orders and rules. All these orders do not 
ideate into a single land management policy/regulation for 
enforcement agencies to pursue. A commonality of law for 
land use is absent, due to which business and habitation zones 
has overlapped over the years, leading to establishment of 
compelling public infrastructure to service these areas.  This 
is further compounded by high density of population of 860 
people/km2 (2011 Census), narrow roads, dense and intrinsic 
road network, density of coastal population and the general 
higher standard of living of the public as compared to the rest 
of the country.

Changing climatic conditions, unsustainable exploitation 
of natural resources, lack of awareness of disaster risks, 
inadequate hazard detection infrastructure by central agencies 
and nationally laid protocols respectively and slow roll out of 
civil defense compound to increasing the vulnerabilities. These 
factors, combined with limited consideration of disaster risk 
within social and economic sectors, because of competing 
demands on limited financial resources, underpin the high 
disaster risk levels in Kerala.
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The widespread flooding in urban and semi-urban areas of 
Kerala has reaffirmed absence of risk-informed urban planning, 
non-compliance to design standards, and non-incorporation of 
resilient features in urban infrastructure. Rapid urbanization 
influenced habitations into uncontrolled expansion on both 
banks of the rivers/water bodies thereby encroaching into water 
channels/bodies and constricting the floodplains. Inadequate 
storm water drainage and silting of minor storage ponds and 
flood plains in urban and urban sprawl areas have increased 
flood risks. Urban master plans are still awaiting comments and 
feedback from the local bodies to enable review/appropriate 
rectification and issue of notification of approval of the master 
plans for the respective local bodies.

Chainging climate: The impacts of climate change are largely 
present through increases in the intensity and frequency of 
extreme weather events, unpredictability of precipitation, and 
changes to water regimes and peak seasonal runoff, caused 
in part by erratic precipitation, and rising temperatures. The 
state has also had its share of droughts with critical droughts 
in the years of 2013, and winters of 2017. These impacts are 
aggravated by lack of risk informed planning of the state. 
Another impact being witnessed is progressive coastal erosion 
affecting nearly 63%  of the state’s 580 kms coastline.

Disaster risk information: KSDMA, for the first time in 
the history of any SDMAs in the country, released landslide 
and flood susceptibility maps of Kerala in Geoinformation 
file formats for public use in its website. This has adequately 
empowered public to deal with risk informed environmental 
litigations. The State Disaster Management Plan has stipulated 
restrictions in hazard zones and have laid checklists for risk 
assessment, to be followed by the implementing department 
prior to approving any infrastructure development projects.

The collection and availability of disaster risk information, 
including hydro-meteorological data, is limited and scattered 
across multiple agencies, which, is often not shared between 
agencies. This reduces the scope of terrain, weather and 
hydrology informed planning. The official meteorological 
agency, the India Meteorological Department has only 11 
automated weather stations. An underlying issue is the prevalent 
protocol of information sharing which is subjected to receipt 
of forecast data from a single source – Indian Meteorological 
Department (for weather) and Central Water Commission (for 
floods), leading to lower scale of accuracies and lesser duration 
available for the state to undertake emergency response 
measures. The Government of Kerala had requested IMD to 
improve and downscale weather predictions to village level 
and increase the observation network. Unfortunately, due to 
lack of response, the Government has approached Indian Space 
Research Organisation for adequate support who has responded 
positively to the request.

Legal framework: The Kerala State Disaster Management 
Authority (KSDMA) established under the Disaster 
Management Act 2005 (Central Act 53 of 2005), in the aftermath 
of December 2004 Indian Ocean Tsunami, identifies disaster 

risks as one of the main challenges to Kerala’s development 
aspirations. Although prevention is clearly articulated as a 
role to be performed by the KSDMA, its facilitating role in 
pre-disaster risk management and its relationship with sector 
departments and other related agencies, were not clearly 
articulated and enforced. While State Disaster Management 
Plan lays clear guidelines for various Departments, compliance 
is limited to implementation of centrally sponsored projects.

Institutional setup for disaster management in the state has an 
enabling legal and policy environment in place. KSDMA started 
to function as envisaged under the Disaster Management Act, 
2005 only from 2012. Until Cyclone Ockhi in 2017, KSDMA 
had only 9 staff. Additional multi-disciplinary scientific staff 
was infused into KSDMA post Cyclone Ockhi.

Having said that, KSDMA has fairly fulfilled its mandate 
over the years in promoting awareness on disaster risks 
faced by the State and building scientific evidence-base to 
support risk informed development planning, though not 
applied by the agencies. For disaster response Civil Defence 
Institute at Thrissur has been established with the assistance 
of Government of India and land for a Regional Response 
Centre of National Disaster Response Force has been allotted 
in Ernakulam in 2016.

Kerala’s minimum relief code is the highest in the country. 
In most cases, the amount of relief offered is almost 30 times 
greater than the national minimum relief code. Kerala is the 
only state to have instituted a vulnerability linked relocation 
scheme totally funded by the State Government. Under this 
scheme, the State provides Rs. 4 lakhs for house and Rs. 6 
lakhs for purchasing 3 to 5 cents of land for those families who 
are certified to be living in non-livable terrains. Further, the 
State also provides the same amounts to those living within 
the high tide line to 50 meters inward into the land, to relocate 
themselves to a land chosen by them beyond the 50 meters.

The Disability Inclusive DRR programme of KSDMA has been 
referred to as the national model for developing the National 
Disaster Management Guidelines - Disability and Disasters. 
The programme yielded results during Kerala Floods where 
NGOs trained by KSDMA on the domain conducted special 
rescue missions for persons with disabilities.

Multiple government agencies and departments deal with 
Disaster Risk Management (DRM) directly or indirectly. The 
existing institutional arrangements for DRM mainstreaming is 
complex. Risk governance, capacity, and funding limitations 
indicates that DRM mainstreaming efforts have not been fully 
embedded in core sector activities in the state.

As per the approved stakeholder responsibilities of the National 
Disaster Management Plan, the responsibility of early hazard 
detection is vested upon various central agencies namely India 
Meteorological Department (IMD), Central Water Commission 
(CWC), Geological Survey of India (GSI), Indian National 
Centre for Ocean Information Services (INCOIS) etc. The 
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responsibility of the KSDMA is to support the central initiatives 
which KSDMA has done significantly.

The State Disaster Management Plan mandates a checklist 
for all infrastructure projects to follow, prior to acceptance 
for financing by the State. However, this mandate is not seen 
complied by the departments.

Under the existing governance structure, KSDMA and DDMAs 
are placed to support DRM across various government 
departments and agencies in the state through its coordination 
and facilitation mandate. However, to play its role in DRM, 
protocols for relationships and links between the KSDMA and 
other agencies that produce and analyze DRM related data 
and information, the sector departments and agencies, need 
to be developed with clearly defined roles for each institution. 
For eg. the roles and responsibilities of the Department of 
Water Resources and agencies under it responsible for flood 
protection infrastructure and hydrological activities, needs to 
be clearly articulated and strengthened. The KSDMAs and 
DDMAs existing information management capacity needs 
to be substantially expanded and strengthened to integrate 
their services with all relevant data sources. Capacity for 
analysis, planning, and development of evidence-based 
emergency response actions and investment decisions needs 
to be strengthened. The Fusion Centre of KSDMA when 
completely made functional will contain necessary Decision 
Support Tools for State level decision making. Measures are 
already contemplated to develop it further and provide the 
ability to districts. A high power committee constituted by 
the Government has recommended additional measures to 
reinforce KSDMA, which is currently under the consideration 
of the Government.

KSDMA has recommended that the state should consider 
options to develop a data analyzing and clearing house 
function in the State, preferably under the Kerala Spatial Data 
Infrastructure (KSDI).

Financing DRM is a key constraint as hazards are unprecedented 
and random.

KSDMA has an annual budget of Rs. 5 crores and State Disaster 
Mitigation Fund as deemed necessary from time to time by the 
State Executive Committee.

For response purposes, Kerala utilizes National Disaster 
Response Fund (NDRF) and State Disaster Response Fund 
(SDRF). The contribution pattern to SDRF is 90% from 
Government of India and 10% from Government of Kerala.

The state draws its finances for institutional capacity 
development schemes of NDMA and United Nations 
Organisations. Tsunami Rehabilitation Project was implemented 
with the support of multi-lateral agencies. Presently, Kerala is 
implementing National Cyclone Risk Mitigation Project with 
the financial support of World Bank.

Guidelines are in place for establishment of flexi-funds, that 
enables 10% of the CSS schemes budget to be undertaken 
for disaster mitigation/restoration activities by the respective 
implementing agencies in the State, for DRM in the respective 
sectors. Kerala has already approached the 15th Finance 
Commission to enhance its abilities in Disaster Risk Reduction.

There are large projects such as (a) Integrated Coastal Zone 
Management Program (ICZMP); (b) National Hydrology 
Project (NHP) to strengthen hydrological activities and improve 
capacities for data processing, and (c) Dam Rehabilitation 
Implementation Project (DRIP), which covers rehabilitation/
repair of dams in the state. These projects have a component 
of Risk Reduction by its nature and subject itself. However, 
even in such large scale projects direct consultations with 
the Disaster Management Authority is not mandated by the 
funding agencies.

Kerala needs, a coherent long-term investment plan 
and sustainable risk financing mechanism to finance 
institutionalization and implementation of disaster resilient 
measures in all investments across sectors. The State 
government upon approval of Government of India, may 
institute a “disaster cess” on the Goods and Service Taxes 
(GST) for three years to finance rebuilding activities in Kerala.

Many natural and anthropogenic catastrophic events that occur 
are not listed as calamities entitled for claims under NDRF/
SDRF and also does not come under the ambit of Disaster 
Management Authorities - National, State or District. Issues 
like drowning deaths, work place deaths etc. are unfortunate 
events that requires attention. Hence, matters such as these that 
are related to Public Safety may be brought under the ambit of 
a Public Safety Authority.

The 15th  Finance Commission has recommended that a Public 
Calamity Insurance Scheme be funded by Govt. of India, with 
an allocation of an initial grant-in-aid for premium payment 
for the first 5 years and may subsequently be taken up by the 
State Government through a suitable and or varying funding 
mechanisms to finance mitigation interventions. A separate 
additional share/provision may be recommended for addition 
to the SDRF to meet this expenditure for the first 5 years.

Integrated disaster risk assessments, disaster management 
information system and operationalization of early warning 
system are needed for both pre and post-disaster management. 
Central agencies should strengthen their monitoring and early 
hazard detection systems. Additional staff as recommended 
by the High Power Committee may be sanctioned to KSDMA 
for strengthening its capacity. The disaster management 
information system with its inventory of assets at risk, could 
play a pivotal role in informed decision making for DRM. Such 
a fundamental list is provided in the State Disaster Management 
Plan.

A wide range of equipment would be required to be installed by 
IMD, CWC, GSI and INCOIS for early detection of possible 
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hazardous events. KSDMA, DDMA and sectoral responsible 
departments needs additional last mile connectivity systems for 
communicating actionable directives to general public living 
in disaster prone areas as notified by the respective technical 
central agencies from time to time. Building the capacity of 
vulnerable communities and civil defence through nonstructural 
community-based DRM interventions, and awareness raising 
of youth on DRM through educational institutions, could play 
a vital role in reducing losses caused by disasters.

Way forward

The Floods 2018 has now presented an opportunity to Kerala 
to accelerate implementation of priority actions and risks 
from Centrally notified and State notified disasters. The broad 
activities that may be undertaken are broadly detailed as 
follows:

Risk Identification and Technical Studies

i) Landuse categorization studies

ii) Comprehensive 1:10,000 scale land use mapping and terrain 
linked land use zoning

iii) Detailed state wide vulnerability assessment of critical 
public infrastructure and assets to site/location specific hazards

iv) Multi-hazard disaster risk mapping and impact assessments 
including hazard zoning and mapping high risk zones/urban 
areas based on protocols and methodologies laid by the 
concerned central agencies

v) Establishment of last mile hazard communication systems 
and updation of existing SOPs for triggering preparedness and 
emergency response actions

vi) Implementation of State-wide civil defense and capacity 
building for the civil defence volunteers

Risk Governance

i) Creation of a comprehensive risk informed landuse plan, 
landuse act and rules considering the ecology, sociology, and 
social milieu of human being are important. This may be lead 
by Department of Planning with the help of Landuse Board 
and Kerala State Remote Sensing and Environment Centre. 
Government may issue a guiding document with negotiable 
and non-negotiable of the preparation of the landuse plan.

ii) Restriction of use of forest land for any commercial or 
residential or further construction activity with the exception 
to the existing rights of the tribal communities living in the 
forest areas.

iii) Land Revenue Department may be notified as the 
implementing and enforcement authority of the Landuse plan 
- a reorientation and renaming of the department as Land 
Administration and Management may also be considered.

iv) All urban local bodies may be directed to immediately 
approve and notify their master plans.

v) Improve design standards for basic public services taking 
into consideration the multi-hazard susceptibility, flooding 
extent of a 1 in 30 year return interval and landslide/land 
subsidence events;

vi) Consider amendments to Kerala Municipal Building Rules 
and Kerala Panchayath Building Rules in light of National 
Building Code and IS Codes.

vii) Improve compliance of all new critical infrastructure 
projects to safer standards and specifications, and apply third 
party structural and safety audits to ensure compliance

viii) Increase the scope of vulnerability linked relocation plan 
of the State and provide incentives to constructions that comply 
with safety standards and have considered site specific hazard 
susceptibilities

ix) Development of Emergency Action Plan and update 
Operational & Maintenance Manuals for Dams to facilitate 
improved dam management

x) Formulation of a long-term Coastal Zone Disaster Mitigation 
Plan, a comprehensive Coastal Development funds package (as 
announced 2018-19 state budget) on a year-to-year basis for 
investments in coastal protection works/activities

Mitigation Infrastructure and Measures

i) Construction of multi-purpose emergency shelters and 
improved access to such shelters that are handed over to the 
communities with corpus fund for operation and maintenance.

ii) Contingency crop planning should be developed to deal with 
climate variations, to ensure sustainable livelihoods in areas 
of recurrent climate risks by promoting supplementary income 
generation

iii) Popularize crop insurance schemes

iv) Construct all new schools located in hazard-prone areas to 
higher standards of hazard resilience; retrofit schools in high 
risk zones to increase safety; carryout technical audit of private 
schools, direct and provide guidance for retrofitting measures.

v) Incorporate elements of Disaster Risk Reduction in all 
subjects from the subject specific perspective

vi) Conduct vulnerability assessment of hospitals in hazard-
prone areas, promote hazard resilient construction of new 
hospitals and create intrinsic and extrinsic disaster management 
plans for hospitals

vii) Flood mitigation options to be considered/developed 
comprising major works which are to be evaluated in terms 
of their hydraulic efficacy in delivering the required degree of 
flood mitigation

viii) Conduct vulnerability assessment of all critical public 
buildings and carryout necessary/appropriate mitigation 
measures to increase safety. Promote hazard resilient 
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construction of new buildings with conformity to National 
Building Code

Landslides Management Strategy

i) Development of an integrated approach involving land use 
planning, good land management practices in cropping, grazing 
and forestry, terrain depended road construction, terracing and 
other contour-aligned practices in fields and plantations, and 
participation of local communities.

ii) Initiate major shift in Landuse policies demarcating certain 
areas as ‘no development zones and construction restricted 
zones’.

iii) Landslide hazard zonation maps to be made available in a 
scale (1:10,000 at least) appropriate for planning at local level 
for all Municipalities and Panchayats in the Hilly areas

iv) Local Self Government may be directed to consult the Soil 
Conservation Department, Mining and Geology Department 
and Ground Water Department before implementing 
infrastructure development projects to assess landslide risks

v) Promote the use of bio-engineering solutions along slopes to 
prevent landslides

Resilience in Urban and Rural Development 

The following specific interventions may be considered for 
building urban resilience in Kerala:

i) Revise urban planning norms to conform with the hazard 

mapping and zoning mandatory as part of the city master plans 
and regulations to ensure compliance by local governments 
with the planning norms and guidelines

ii) Develop a guiding/policy document for preparation of 
Master plans with negotiables and non-negotiables, with 
parameters for critical mass management for urban local bodies 
(ULB) eg. 600K to 800K population/ULB. The guidelines 
should also include identification of urban sprawl areas and 
measures to curtail the same be legalized in the Master plan for 
approval and enforcement.

iii) Develop design guidelines for climate resilient municipal 
infrastructure and ensuring proper enforcement for all 
the physical construction works to improve the quality of 
infrastructure being developed for municipal services.
 
Building Resilience

The new, resilient Kerala may be based on six pillars of Disaster 
Risk Management, they being:
Pillar-1: Legalizing and enforcing a pragmatic landuse 
management institutional mechanism
Pillar-2: Mainstreaming disaster risk management into 
development planning
Pillar-3: Improving emergency response systems
Pillar-4: Creation of Civil Defense
Pillar-5: Road map for risk financing
Pillar-6: Strengthening KSDMA and DDMAs
Detailed plans are being drawn in line with each of these 
broad pillars of resilience and the Government and KSDMA is 
committed to building a ‘new and resilient Kerala’.
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