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Kerala, located in the southwest part of India experienced heavy Cooding during 2018. A post-Cood Beld
survey was conducted by National Centre for Coastal Research (NCCR), Chennai to study the Cood. The
survey was conducted using in-situ measurement and fed to NCCR-Geo surveyor app. The app is
indigenous and transfers the data including Cood depth and geo-tagged photos to NCCR server. The
survey also focuses on the peoples experience at the time of Cood of central and southern parts of Kerala
with a total of 206 respondent data. The district-wise survey results are presented. From the study, it was
concluded that Pampa River basin and Periyar River basin were severely aAected and respondents
reported sudden rise in the water levels in locations near to the river banks. Major river banks of the state
overCowed and destroyed houses, roads, etc. The Beld survey points towards long term solutions including
advanced Cood warning system to create an eAective mitigation and preparedness plan to reduce the risk
from the fury of future Coods and for a resilient community.
Keywords. Kerala Coods 2018; post-Beld survey; Cood depth; NCCR-Geo surveyor app.

1. Introduction
Flood is a Cow of water above the natural runoA
channel (Chow 1956). Rainfall, river Cow, tide
surge, topography are factors dictating the type of
Cood. It can either grow and discharge gradually or
can develop and recede quickly (Brown et al. 2011).
Flood aAects human life (Ohl and Tapsell 2000)
and leads to substantial economic losses and aAects
socio-economic welfare (Appleton 2002). The
Cooding eAect varies mainly due to local geomorphology and human encroachment level (Ray et al.
2019). The impact of Cood increases with

population growth, urbanization in the Cood-prone
area and non-engineered constructions (Jonkman
2005).
During the past 30 yrs, there are almost seven
Coods every year in India. The principal cause of
this are formation and movement of cyclonic disturbances, breaks in monsoon (Rakhecha 2002),
vigorous monsoon conditions (Dhar and Nandargi
2003), episodes of El Nino and La Nina (Kulshrestha 1997), failure of dams (Dhar and Nandargi
2003) and landslides leading to obstruction or
change in river course and poor drainage system
(Tripathi 2015).
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The Indian summer monsoon (ISM) has its onset
from mid-May to mid-July, peak rainfall from July
to August and withdrawal from mid-September to
mid-October (Dhar and Nandargi 2003). During
this ISM period, the Western Ghats and central
part of India has shown a significant increase in
rainfall variability, while stations over the southern Indian peninsula and lower Ganga valley have
a decreasing trend (Roy and Balling 2004). The
extreme rainfall events frequency has increased
over India from 1951 to 2005 (Niyas et al. 2009),
and these extreme rainfall events lead to excessive
downpour exceeding the capacity of rivers leading
to Cooding. Some of the recent major Coods in
India include the Assam Cood (2012), Uttarakhand
Cood (2013), Kashmir Cood (2014), Chennai Coods
(2015), Gujarat Cood (2017) and Kerala Cood
(2018) (Mujumdar et al. 2020).
Kerala Cood (2018) was the worst one experienced by the state since 1924 (Vishnu et al. 2019).
Kerala is located in the southwestern part of India
with Arabian Sea to the west and Western Ghats
to the east (Vishnu et al. 2019). The state has
mainly three physiographic features with highland,
midland and coastal plain varying from 75 to\7 m
(Vishnu et al. 2019) with the highland and midland
used for agricultural activities and commercial
plantation, while coastal plains are densely populated (Sudheer et al. 2019). The state has an
average annual precipitation of about 3000 mm,
which is controlled by the south-west and northeast monsoons (Joseph et al. 2020). During the
2018, pre-monsoon rainfall had an unprecedented
increase of 37% in rainfall. The monsoon depression (13–17 August) that immediately followed a
low-pressure monsoon system (6–9 August) resulted in many days of heavy rainfall (Hunt and
Menon 2020). Kerala experienced above-normal
seasonal rainfall with extreme rainfall from 1st to
15th in the upstream catchment of Idukki, Kakki
and Periyar having a return period of more than
500 yrs and resulted in most reservoirs reaching
90% capacity (Mishra et al. 2018).The departure
from normal was 15% in June, 18% in July and
164% in August (August 1–19, 2018) (IMD 2018).
Out of 54 dams, 35 were opened, and according to
the Government of Kerala, nearly 1/6th of the
population were seriously aAected and Rs 20,000
crore is the estimated loss incurred by the state
(Varghese and Yadukrishnan 2019). The heavy
rainfall resulted in landslides in Western Ghats
causing damage to property and agriculture (Vijith
and Madhu 2008).
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The frequent Coods have made the researchers to
realize the need for a permanent monitoring system
to detect a disaster-prone geographical area (Vineesh 2019). Adaptation and mitigation are more
eAective and quick in response, since climate-based
water resource planning requires more time and
cost in planning and implementation. (Kuriqi et al.
2020). Moreover, water level observation is
important in hydrological and hydraulic modelling
and water resources planning and management
(Kumar et al. 2020). During the 2018 Cood, the
oDcial’s main problem was the unavailability of
Cood-prone area maps (Joy et al. 2019). Usually the
map is prepared with the help of in-situ measurements, Cood forecasting methods, remote sensing
and aerial photos (Pradhan et al. 2016). Hence
keeping this in mind, a study was conducted by
visiting the Cood-affected districts across the central and southern Kerala and collecting the Cood
depth using the in-situ measurement technique.
Water level observation represents a piece of vital
source information for water resources planning
and management (Kumar et al. 2020). This study
presents the Cood impact in each district through
the respondent’s experience. More than 200 Beld
data along with Cood levels, geo-tagged photographs, video interviews and survey questionnaires were collected during the survey and
analyzed. These Beld data can be used to validate
the Cood modelling work in the future.

2. Materials and methods
Disaster data are vital for identifying trends in the
impacts of disaster. For any Cood event, loss of
lives, the total number of people aAected, and
economic damage are indicators for assessing Cood
impacts (Shrestha and Takara 2008). The present
study is exploratory and primarily based on a
questionnaire survey conducted on the population
directly aAected by the Kerala Cood in 2018.
A literature survey was carried out using various
search engines. Based on it, a questionnaire was
prepared, and the sampling areas for the study
were selected. To study the actual extent of inundation, the National Centre for Coastal Research
(NCCR) undertook a detailed survey to the most
aAected district during the Brst week of September
2018. The questionnaire was Blled up by direct
enquiry to the aAected population and collecting
geo-tagged photos of water-marks post-Cood
(Bgure 1).
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Figure 1. (a) Data collection through local enquiry, (b) in-situ measurement of Cood depth and (c) identiBcation of water mark.

Pathanamthitta, Alappuzha, Kottayam, Palakkad
and Idukki and the data was analyzed. The survey
result for each district is presented in this paper.
3. Results and discussion

Figure 2. NCCR-Geo Surveyor app.

The research team directly approached the
respondents. The numbers of respondents were
206, mostly shop-owners, residents and ward
members of the sampling location. The data was
collected using NCCR-Geo Surveyor (NGS)
(Bgure 2) a mobile app developed by NCCR
(https://www.nccr.gov.in/?q=activities/coastalhazards) wherein the actual point along with the
coordinates and geo-tagged photographs are
transferred directly to NCCR server through online
mode. NGS has been developed as a generic app to
help in Beld data collection for all applications
wherein the data collected will be collated in a GIS
format for easy use. The data was also collected as
a hardcopy.
The questionnaire contained two sections, one
dealing with the Cood depth, time of Cood and
Cooding dates, the second part dealt with the Cood
relief operations and early warnings at the time of
the Cood. The collected data were analyzed. It was
used to understand the relevance of Cood levels for
rainfall and discharge from dams. The Beld survey
was carried out along the most severely aAected
Kerala districts, namely Ernakulam, Thrissur,

The main objective of the study is to understand
the Kerala Coods of August 2018. A post-Cood Beld
survey was conducted in Kerala during Brst week
of September 2018. The districts from the central
and southern parts of Kerala including Ernakulam,
Thrissur Pathanamthitta, Alappuzha, Kottayam,
Palakkad and Idukki were chosen for the survey
based on the literature survey. The number of
respondents in the present work was 206 and had
at least primary educational background. Local
information by the natives of each district was used
to locate the worst aAected site in the district.
Attempt was made to cover all the aAected sites,
but some places were Cooded and inaccessible. The
in-situ measurements were taken based on the
Cood depth markings. The geo-tagged photos
together with the Cood depth of the location were
pushed through the mobile app into the NCCR
server. The data was analysed and the following
summary was inferred district wise.
3.1 Idukki–Periyar system
The Idukki dam situated at the upstream of Periyar meanders through Ernakulam, Idukki, and
Thrissur districts. By mid-August, Kerala’s rains
picked up and opened up all the Bve shutters of
Idukki dam according to the respondents. The
respondents also mentioned that the Idamalayar
dam was in full Cow. The Periyar River sank
everything that came in its way including the
urban centres of Aluva, Eloor and towns of Paravur and Kothamangalam according to the survey.
Districts including Ernakulam, Idukki and
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Figure 3. Lanslide in Idukki.

Figure 4. Bank of Cheruthonni River.

Thrissur were severely aAected. The Kuttanad
region was inundated even during the survey
period.

3.1.1 Idukki

Figure 5. Failure of a building near Cheruthonni River
Bank.

Idukki received its highest rainfalls, starting from
May till the middle of August. For the Brst time in
26 years, all the Idukki dam’s shutters were
opened, causing a deluge (Vishnu et al. 2019). The
Idukki district was one of most aAected among the
surveyed districts with all major roads either buried or washed away in landslides (Bgure 3). Cheruthoni dam shutters were open during the Brst
week of September (time of the survey). The
Cheruthoni River banks were severely damaged.
Bank erosion together with the damage of roads
adjacent to the Cheruthoni River bank could be
mainly due to the high velocity river from the
upstream (Bgure 4). The water level in the bank of
Cheruthoni River was more than 5 m with the
ground Coor of the adjacent building inundated.
The waters from the Idukki dam caused
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Figure 6. Flooded location in Aluva, Ernakulam district.

widespread damage to agriculture and buildings
(Bgure 5). The picturesque village of Munnar was
severely aAected both by Cood and landslides.
Idukki district observed severe landslide than
Cooding due to its topography, soil conditions,
rainfall intensity and deforestation for settlement
and agricultural activities. Landslides damaged
roads connecting the major towns in the district
with interior areas. Attempts were made to cover
Idukki district, but were hindered due to logistic
issues.
3.1.2 Ernakulam district
The Periyar Cows northwestwards and enters
Ernakulam district at Neriamangalam. The
Idamalayar joins it. Periyar receives water from
Idamalayar and Cows west along the midlands of
Ernakulam district. The sudden increase in water
levels within hours was catastrophic for the urban
cities of Ernakulam district including Aluva,
Kalamaserry and Kochi (Bgure 6). Most people
reported a sudden rise in the water level on August
15th and observed a water level of 3–6 m in Aluva,
Kalamaserry and Angamaly which coincided with
the opening of all Bve shutters of the Idukki dam.
The Coodwaters stayed for about 3–5 days in most
areas. More houses are located very close to the

Figure 7. Flood depth in Ranni, Pathanamthitta district.

river but warnings through government and local
bodies ensured the relocation of people to safer
locations.
3.1.3 Thrissur district
The entire district was aAected, and the most
aAected area was Chalakudy with the water in
Chalakudy River breaching both its banks. As per
Beld survey, Chalakudy River was already in spate
after the 8th August rainfall and water rose by
about 0.6 m. After August 14th rains, Cood level
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aAected due to Cash Coods, around Kole Belds. The
banks of the Conolly canal and the Herbert canal
which was inundated due to the Karuvannur River
changing its direction near Ettumuna. The probable reason for water level in the Chalakudy River
to rise to about 5 m may be due to the release of
water from Sholayar and Peringalkuthu dams
upstream of Athirapally waterfalls into the river.
3.1.4 Kottayam

Figure 8. Water mark in Alappuzha district.

Kottayam in the Meenachil River basin saw places
including Changanacherry, Pala, Vaikom and
Thalayolaparambu inundate under water. The
Coodwater level rose to 3 m in Vaikom while it was
about 6 m in Pala and Thalayolaparambu. This
high water level rise was seen mainly near the bank
areas. This rise in water level near river banks
might be due to the overCowing of river bank for
the upstream water from the Idukki dam into the
Meenachil River.
3.2 Bharathapuzha and Malampuzha system
(Palakkad)

Figure 9. A Cooded house in Alappuzha during September
2018.

increased to a maximum of 4.5 m along the
Chalakudy River banks. The locals were aware of
IMD’s red alert, but were hesitant to move since
they did not anticipate such high Cood levels.
Respondents claimed that the discharge from the
upstream dams was the reason for the Cooding
which brought Thrissur to a standstill and the
Coodwater remained for more than 3 days.
Respondents experienced strong currents in the
Cood water washing away things in its path. The
southwest parts of Thrissur district was severely

Heavy downpour caused widespread destruction in
Palakkad (Bgure 8). The shutters of Malampuzha
dam together with Chulliyar and Walayar dams
were also opened, thereby Cooding tributaries of
Bharathapuzha according to the respondents. The
water Cow from the Parambikulam dam and Sholayar dams resulted in the Chalakudy River overCowing and the Cooding of the town, based on the
survey analysis from the respondents experience.
The Beld survey revealed that the water levels rose
to a maximum of 3 m on August 16th and was
predominantly attributed to the discharge from
dams following the heavy spell of rain in August.
Respondents claimed that the reduction in channel
width was a primary reason for Cooding in Palakkad district.

3.3 The Sabarigiri–Pampa
Pampa River breached its bank on opening the
shutter of Sabarigiri dam based on the respondents. The survey reveals that it sank houses in
Pullad and Chengannur, which are many kilometres away from the river bank. The Cooding of the
Pamba and Achankoil rivers in Pathanamthitta
district brought places under water. The date of
opening of the two dams, namely Pamba and

Page 7 of 10 147

J. Earth Syst. Sci. (2021)130:147

Figure 10. Flood inundation map.

Kakki and the date heavy Cooding and landslips on
the river banks coincided according to respondents.
The rise in water level in Pampa River maybe due
to the opening of the shutters of the Kochupampa,
and Anathode–Kakki dams.
3.3.1 Pathanamthitta
Pamba, Achankovil and Manimala are the major
rivers that Cow through Pathanamthitta. The two
main dams in this district are Kakki and Pamba.
The water Cowing from the Kakki dam joins
Pampa dam water and Cow downstream as the
Pamba River. The most aAected regions in this

district were Ranni, Aranmulla, Thiruvalla,
Vedumpuram and Niranam. Field survey reveals
that major Cooding happened on August 15th and
the Coodwaters took more than 3–5 days to recede
in most areas. The district experienced a sudden
rise in water level with large scale devastation
with over 6 m of water in some locations. Areas
such as Ranni, Vadasserikkara, Perunadu and
Ayiroor were Cooded wholly, and entire sections
of Ranni town submerged under water within
hours (Bgure 7). The respondents heard loud
sound of water rushing into Ranni area and
within hours the area was inundated with water
of up to 4 m height.
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Figure 11. Flood inundation map on DEM.

3.3.2 Alappuzha
Alappuzha was severely aAected with Chengannur,
Pandanad, Edanad, Thiruvanvandoor, Vazhar and
Mangalam inundated for many days. Water levels
rose in this region following the heavy rains and
after opening the shutters of Kakki, Anathodu, and
Kochu Pamba dams. Moreover, the district is a
low-lying area and covered with paddy Belds.
Major rivers Cowing through Alappuzha are Manimala, Pamba, and Achankovil and a part of
Vembanad River system is located in this district.
The low-lying areas of Alappuzha including
Kainakary, Chambakulam, Pulinkunnu (Bgure 8)
panchayats together with the Alappuzha–

Changanassery roads were submerged. The district
experienced Cooding from June onwards. The
water rose to 2.5 m in most areas, and most of the
people were still in rescue camps at the time of the
survey. Some locations were still under water
during September as shown in Bgure 9. Water
pumps were used to drain water in the main sites,
while no help was oAered in the interiors in
restoring their place to normalcy. No warnings
were received by the respondents from authorities
in the interior areas and further arranged for own
relocation to nearby relief camps.
The collected data points from all the districts
were overlaid on Map and Digital Elevation Model
(DEM) of Kerala as shown in Bgures 10 and 11.
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4. Conclusion

Author statement

Flood of 2018 was one of the worst Cood events that
Kerala ever witnessed in almost a century. Heavy
downpourings in Kerala during August 2018 had
widespread eAects in socio-economic livelihood of the
people. Extensive Cooding occurred alongside river
networks. The previous studies state that severity of
the Kerala Cood of 2018 and the damage caused might
be due to land-use and/or land-cover change, hydrologic conditions, reservoir storage and operations,
encroachment of Cood plains (Mishra and Shah 2018),
which is also reCected after analysing the Beld survey.
Blocking the course of a Cowing river has contributed
to the hazardous situation. Further, this data can be
used to validate numerical modelling studies and will
be of vital importance in creating early Cood warning
system for Kerala. Adaptation and mitigation are the
need of the hour (Kuriqi et al. 2020). There is no single
solution to this problem. Focusing on long-term solution is the need of the hour than short-term measures
like structural constructions.
The Coods of 2018 have trigged the need to
rethink the idea of development. It is important to
approach this through social engineering approaches
rather than relying on structural engineering solutions. The eAects of Coods on people realised the
need for a permanent Cood monitoring system and
rehabilitate people to a safer place during the time.
In the Cood- and landslide-affected areas, there is a
need to shift from dependence on supply-driven
solutions to demand-driven solutions. Early warning
systems aid in the minimisation of such losses and
form the backbone of major disaster mitigation
methods. Web GIS-based decision support system
for Cood warning in Kerala for the mitigation of
natural hazards like Coods should be strengthened
and equipped in order to tackle similar events in the
future. Kerala has sufBcient time and scope to adopt
appropriate adaptive mechanisms for the betterment of the future generations. Kerala needs a
coherent long-term investment plan and sustainable
risk-Bnancing mechanism to Bnance institutionalization and implementation of disaster-resilient
measures. The worsening situation in Kerala is an
opportunity to learn lessons for future.
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