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Kerala is one of the most Cood prone states of India due to its geographical location and topography. In
recent decades, the frequency and intensity of Cood has significantly increased in Kerala. Floods that
occurred in the year 2007, 2009, 2014 and 2018 resulted in heavy damage in the form of lives and
properties. This research focuses on exploring a recent Cood event of Kerala in July–August 2019 using
observations from space. Enhanced convective activities over Kerala were resulted due to movement of a
low-pressure system westwards from Bay of Bengal towards coastal Arabian Sea under favourable conditions. Results report that excess cumulative rainfall resulting from multi-day extreme precipitation
events due to enhanced convection during July and August resulted in catastrophic Cood events over
various parts of Kerala. Kannur, Wayanad, Kozhikode and Palakkad districts of north Kerala were
aAected more as compared to other region. Kannur district received a cumulative rainfall of about 1300
mm from multiple rainy spells during July and August of 2019. Peak rainfall was recorded on August 08,
2019. A peak hourly rainfall of about 60 mm/h was recorded at 1230 UTC on August 08 over Kannur
district. These multiple heavy to very heavy rainfall episodes led to severe Cooding over Kerala resulting
in huge damage. Present research emphasizes on the importance of space-borne satellite remote sensing in
monitoring of Cood events in order to envisage preparedness and mitigation in Cood scenarios.
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1. Introduction
India is among the most Cood prone countries of
the world. These Coods are mostly consequences of
multiple extreme precipitation episodes which
usually occur during monsoon seasons. The striking acceleration of climate change causes a changed
precipitation pattern with increased extreme precipitation events resulting in catastrophic Coods
(Goswami et al. 2006; Liu et al. 2009; Mishra 2019;
Papalexiou and Montanari 2019). Flood related
natural disasters cannot be stopped, but proper
monitoring of these events can be very useful in

mitigation and adaptation strategies for minimizing the damage. Flood events over larger areas are
difBcult to monitor using conventional rain gauges
and radars due to their limited coverage. Large
scale Coods from extreme precipitation can be
monitored by satellite observations. Extreme precipitation can be monitored by using Infra-Red
(IR) and Microwave observations. Most common
technique using IR observation was developed by
Arkin and Meisner (1987). This technique, called
as Geostationary Operational Environmental
Satellite (GOES) Precipitation Index (GPI), has
large errors due to indirect and weak relationship
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between cloud top temperature and surface
rainfall. Microwave technique is accurate due to
direct connection with rain drops and hydrometeors. However, these techniques suffer from poor
temporal and spatial resolution. During last few
decades, researchers have focussed on precipitation
estimation by merging microwave observations
with IR estimates (Adlar et al. 1994; Jobard and
Desbois 1994; Mishra et al. 2009, 2010; Mishra
2012; Mishra and RaBq 2019). Mishra and RaBq
(2019) presented a review of these rainfall estimation techniques over India and adjoining regions.
However, satellite based estimates are not sensitive
to the precipitation that is actually falling out of
the clouds and reaching the surface. Satellite based
rainfall estimation, despite errors, oAers opportunity to monitor precipitation at wider scales.
Global precipitation products are available for
monitoring precipitation globally. These data sets
include the Tropical Rainfall Measuring Mission
(TRMM) Multisatellite Precipitation Analysis
(TMPA) near real time product (HuAman et al.
2007), the Global Satellite Mapping of Precipitation (GSMaP) (Aonashi et al. 2009), Climate
Prediction Centre MORPHing (CMORPH) (Joyce
et al. 2004), Precipitation Estimation from Remote
Sensing Information using ArtiBcial Neural
Network (PERSIANN) (Hsu et al. 1997), and
Hydro-Estimator (H-E) (ScoBeld and Kuligowski
2003). Validation results over India show that most
of these products have large errors (Mishra and
RaBq 2017).
Mishra (2012) devised a rainfall monitoring
technique by integrating multiple-frequency
observations from satellite to measure heavy rainfall at Bne temporal and spatial scale. Usefulness of
this technique was validated by exploring Cood
events of Kedarnath (Mishra and Srinivasan 2013),
Jammu and Kashmir (Mishra 2015) and Tamilnadu (Mishra 2016), Kerala (Mishra and Nagaraju
2019), Bihar and Assam (Mishra et al. 2019).
This research explores heavy Cooding over
Kerala during July–August 2019 using satellite
observations from Mishra (2012). The severe Cood
aAected around 2.5 lakh people in the state with
90 causalities.

2. Data and methodology
Mishra (2012) integrated observations from
Meteoat First Generation (MFG) satellite with
Space borne Precipitation Radar (PR) from
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Tropical Rainfall Measuring Mission (TRMM) to
derive an algorithm for measuring rainfall at 5 km
spatial resolution.
Meteosat 8 observations have been used to
estimate rainfall by adopting Mishra (2012). Climate
Prediction Centre MORPHing (CMORPH) rainfall
estimates have been used to compare the performance with Mishra (2012). Outgoing longwave
radiation (OLR) data has been used from National
Centres for Environmental Prediction (NCEP). Rain
gauge observations from Indian Space Research
Organization (ISRO) have been used for validating
the performance of satellite estimates. Density of
these stations is given in Bgure 1.
A rain index was computed using observations
from thermal infra red (TIR) and water vapor
(WV) absorption channels of Meteosat. WV
channel supplements rain signature with moisture
and hydrometeor information at mid to upper
level troposphere. Using large data sets during
monsoon season of multiple years, brightness
temperature at TIR and WV channels are compared against rain rate from PR to deBne nonrainy brightness temperature thresholds and then
are divided by non-rainy brightness temperature
threshold to get rain coefBcients and their product
is deBned as rain index. Rain indices thus
obtained are collocated against rainfall from PR
to establish a non-linear relationship between
them. This non-linear equation is used to monitor
hourly rainfall using brightness temperatures as
inputs. Performance of this technique was validated against independent radar observations
during heavy rain events. Present technique
shows a correlation coefBcient (CC) of 0.70,
probability of detection (POD) of 0.87, false alarm
ratio (FAR) of 0.13 and a root mean square error
(RMSE) of 3.98 mm with precipitation radar.
Similarly, performance of the technique was
evaluated against rain gauge observations too.
This technique also shows a CC of 0.74, POD of
0.86, FAR of 0.12 and RMSE of 4.78 mm with
rain gauges. This performance is much better than
that of a globally available rainfall product named
Global Satellite Mapping of Precipitation
(GSMaP). GSMaP shows a CC of 0.59, RMSE of
7.20, FAR of 0.21 and POD of 0.74 with rain
gauges. Validation results showed that adopted
technique (Mishra 2012) outperformed available
global precipitation products for monitoring heavy
precipitation over India.
It can be noted that Mishra (2012) developed
rainfall estimation algorithm using observations
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Figure 1. Rain gauge density over India from ISRO AWS.

from Meteosat 7 data. The same methodology has
been adopted using Meteosat 8 data. Spectral signature of clouds and hydrometeors from TIR
channel of Meteosat 7 (11.8 lm) and Meteosat 8
(10.8 lm) is similar. Similarly, clouds and
hydrometeors show same signature in water vapour
absorption channel of Meteosat 7 (6.3 lm) and
Meteosat 8 (6.2 lm). Past researches show that
equation derived for estimating rainfall using rain
signature from one satellite can be used for estimating rainfall using rain signature from other
satellite if spectral response of the channels used for
deriving rain signatures are similar in both the
satellites (Gohil et al. 2013).
However, in order to convince the readers about
the validity of the adopted technique with Meteosat 8 data, the performance of this technique has
been validated using Meteosat 8 data against rain
gauge observations from Indian Space Research
Organization over southern part of India. Performance of a Bne resolution global precipitation
product namely CMORPH is also evaluated.
Southern part of India is rich in rain gauge density.
Rain gauge density of ISRO stations are shown in
Bgure 1. For validation purpose, a total of 1264
data points during rainy season of 2018 and 2019
were considered. To compare the two rain estimates for different rain ranges, CMORPH and our

Figure 2. Validation of rainfall rate from satellite with rain
gauges for various bins. Dotted line represents the line of 458.

rain estimates have been averaged in the bins of
rain gauge as shown in Bgure 2.
While averaging, the number of points has been
kept nearly constant in each bin, so that the statistical weight is same. It can be seen that rainfall
estimates are underestimated for low and moderate
rain range (0–15 mm/h) from Mishra (2012) using
Meteosat data. However, for heavy rainfall range
(above 20 mm/h), rainfall rate from Mishra (2012)
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is closer to rain gauge observations. CMORPH
performs better than Mishra (2012) for low and
moderate rainfall range. However, CMORPH
underestimates heavy rainfall. CMORPH shows
large error in estimating heavy rainfall. It can be
noted that multi-frequency observation from
Metosat were used to estimate convective rainfall
by Mishra (2012). Measurement in water vapour
absorption channel is highly sensitive to ice concentration in convective clouds. Additional water
vapour channel was used to detect moist and dry
slots. Within the dry slot, precipitation intensity
diminishes and precipitation chances are reduced,
while within the moist slot, precipitation chances
are increased. Combination of IR and WV
absorption channel resulted in improved estimates
of heavy precipitation.
Technique described by Mishra (2012) is based on
regional rain signature derived for Indian region.

3. Results and discussions
As per India Meteorological Department (IMD), a
low-pressure area was developed over north-east
Bay of Bengal which intensiBed monsoon currents
across the Arabian Sea resulting in heavy convection over Kerala in Brst week of August. In July, at
850 hPa level, anomalous westerlies prevailed over
peninsular India bringing enhanced rain systems
(IMD End of monsoon season report 2019). The
enhanced convective activities in low pressure belt
resulted in heavy rainfall during the month of July
and August in Kerala. Presence of enhanced convection and rain storms over Kerala during July
and August of 2019 can be seen by reduced outgoing longwave radiation (OLR) as illustrated in
Bgure 3.
It can be seen that northern parts of the region
received maximum rainfall (Bgure 4). Few districts

Figure 3. Monthly averaged OLR during (a) July and (b) August 2019.

Figure 4. Distribution of rainfall during July–August 2019.
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Figure 5. (a) Variation of daily rainfall over Kerala during July and August 2019, (b) cumulative rainfall over Kerala during
July and August, (c) district-wise daily rainfall during July–August, and (d) cumulative rainfall during July–August over Cood
aAected districts.

in northern Kerala received rainfall in excess of
1200 mm during July–August (Bgure 4). Kannur,
Wayanad and Kozhikode districts received maximum rainfall which was resulted from multi-day
heavy rainy spells (Bgure 5c). Thiruvananthpuram
and Kollam districts received least rainfall. Variation of daily rainfall over Kerala and sub-regions is
presented in Bgure 5. A maximum rainfall of about
170 mm is reported over Kerala on August 08, 2019
(Bgure 5a). Accumulated rainfall in excess of 800
mm over Kerala has been reported during
July–August 2019. Sharp increase in cumulative
rainfall during Brst and second week of August
can also be seen from Bgure 5(b). Figure
5(c) illustrates the variation of daily rainfall during
July–August 2019 over Cood aAected districts of
Kerala. Kannur, Palakkad, Wayanad districts
received maximum rainfall in excess of 220 mm on
August 08, 2019.
Furthermore, Kannur district received cumulative rainfall in excess of 1300 mm during July–
August from multi-day heavy rainy spells. Kozhikode and Mallapuram districts also received

cumulative rainfall in excess of 800 mm. Cumulative rainfall from multiple rainy spells resulted in
heavy Cooding over various parts of Kerala.
Diurnal variation of extreme precipitation
events using Bne resolved observations from space
has also been studied. Figure 6 shows hourly variation of rainfall during 8th August 2019 over
Kerala and sub-regions. The state recorded a peak
hourly rainfall of around 25 mm/h at 1700 UTC
and another peak 20 mm/h was recorded at 0700
UTC.
Figure 6(b) shows the diurnal variation of
rainfall over Cood aAected districts of Kerala on
the day of maximum rainfall. Kannur district
recorded peak hourly rainfall of about 60 mm/h at
1230 UTC. This cloud burst type rain event
caused heavy Cooding over Kannur. Other
notable peaks were recorded at 0530, 0600, 0700,
0830, 2130 UTC with rainfall values ranging from
40 to 55 mm/h. From Bgure 6(c), it can be stated
that 200–240 mm of total accumulated rainfall
was recorded in various regions (mostly Palakkad,
Wayanad and Kannur). This was due to multiple
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Figure 6. Diurnal variation of hourly rainfall over (a) Kerala; (b) Cood aAected districts of Kerala; and (c) daily accumulated
rainfall on August 08, 2019.

Figure 7. Rainfall anomaly over Kerala in July–August 2019 using long term average of July–August rainfall of 1998–2019.

rainfall spells over various synoptic hours on 8th
of August shown in Bgure 6(a). Thus, extreme
rainfall events at various synoptic hours resulted
in catastrophic Cood over Kerala on 8th of
August.

Figure 7 shows rainfall anomaly for the months
of July and August over Kerala using long term
average of July–August rainfall from 1998 to 2019.
It can be seen that northern parts of Kerala
received an excess of 60–80% rainfall as compared
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to average rainfall during July–August 2019. This
excess rainfall is attributed to multiple heavy rainy
spells during July–August 2019 and resulted in
heavy Cooding over Kerala causing damage.
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4. Conclusion
This research focuses on investigating the Cood
event of Kerala in 2019 using remote sensing observations. Synoptic condition including the development of a low-pressure system over north-east Bay of
Bengal and its movement towards the west coast was
responsible for enhanced convection over Kerala.
Enhanced convective activities brought extreme
rain events over various districts of Kerala in multiple rainy episodes. Multi-day intense precipitation
spells during July and August caused heavy cumulative rainfall over Kerala and triggered catastrophic Cash Cooding. Kerala experienced a severe
Cooding in 2018 also. A synergic interaction between
low pressure system, an intrusion of dry air in the
middle-troposphere, and the oAshore trough was the
reason for heavy rainfall over Kerala in 2018. Flood
disaster of Kerala in 2018 happened due to combined
impact of heavy rainfall and discharge from reservoir
(Mishra and Shah 2018).
This research highlights the importance of application of remote sensing for monitoring of Cood disasters. Radars and rain gauges are very much limited
to few speciBc locations and thus are not suitable for
monitoring Cash Cooding resulting from heavy rain.
Applicability of near real time rainfall monitoring
from MSG satellite based on rainfall model developed
using MFG satellite has also been validated using rain
gauge observations. Near real time rainfall estimates
at Bne resolution developed over Indian region outperforms global rainfall products for exploring
extreme rain events over Cood prone region of India.
This can be very useful for nowcasting extreme rain
events. Significant increase in Cash Cooding due to
increase in extreme precipitation over Indian region
(Rajeevan et al. 2008; Mishra and Liu 2014) poses
serious threat. Considering the inaction in mitigating
anthropogenic warming/climate change, disaster
preparedness system is imperative for managing
these disasters.
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