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AR - AERIE J 2019 ¥ AWYT &g A o IR AR 7= & ke Remedr s 6
gearst N wF s@enr F gyd R, SER arEl @ geRa gul ey F HEE, 9, ST,
G, FART, FErel, qor 3R FleaR Fed 3w wifad B 91 59 wRueant | aeR @S &
T 39 regaa A aNeT @ TOnET aRdEdd AT § 39AT HadlhaAl $T 39AT AT IAT §| A
T 3TE dW F FAARAT B THIPd A dl a9 Tealed & 5 Rl (amd-amd @) ¥ @ga
=S Rofeges W §OF auT i A=HR A Ucerar ag A IRucst A g dor ¥ AR
FT T UH 3PP HTET Yol Xl &1 3@ Alsd f 3TANTrar 1 qdiaqor 2013 & Fegrany, 2014 &
sF 3R FAR IR 2015 A affeeng & s A wRueant H Jw RS Fw TN FW AT F
ITANT 2019 & R 3T 3w M gl a@ f ARt & gar TR F v ot fRar wm

A9, TR, SO, WG, AR, AETAT, qUr IR FegrRr oAt A Jad F uger, dw¥ 3k
el wae & R Raw F gy 3k R wuw ¥ ke #F @ o sy g, FEF
TRomHATTRT 3 el & A 1% 37 T RUA FAT F F A F o O H I F AR F
aRre ot aifter iy #§ aRgeamst & 2000 Bt & sfes @oht awt g8 o sk Rdww & k=
Hqa$, R, IOt AR wIerg A 1700 el & aftw wwht awt gd) Jen$ 2019 F Ekmer whereh o A
staa AR awt @ e 200% HAF awt gEl FE AR §F wOAR ol et ¥ oRumTrEET WERE F
Rt Gat & ofivor @ 3 | 59 reWST H AT AT GRUNH 1% et F [Aeg  awa ik
e I WA & Aged W YHRT S §

ABSTRACT. Maharashtra experienced a series of calamitous flood events during July and September months of
monsoon season of 2019 affecting millions of people. Mumbai, Palghar, Thane, Raigad, Satara, Sangli, Pune and
Kolhapaur were most affected districts of Maharashtra. Near real time satellite observations from space have been used in
this study to monitor these events. Availability of accurate precipitation information at very fine resolution of 5 km (half
hourly) from a rainfall algorithm that integrates observations from multi-spectral satellite sensors offers an excellent
opportunity to monitor flood events effectively. Utility of this model was tested by investigating flood events of
Kedarnath in 2013, Jammu and Kashmir in 2014 and Tamil Nadu in 2015. This model was also used to explore recent
flood events of Kerala and Assam in 2019.

Mumbai, Palghar, Thane, Raigad, Satara, Sangli, Pune and Kolhapaur districts received very heavy rainfall from
multiple rain episodes during first, third and last week of July, and second and last week of September that resulted in
heavy flooding over these districts. Results reveal that few of these districts received cumulative rainfall in excess of
2000 mm from multiple heavy rainy events during July to September. Mumbai, Palghar, Thane and Raigad received a
cumulative rainfall in excess of 1700 mm during July and September. Sangali district received an excess of about 200%
rainfall than average monthly rain during July 2019. Heavy cumulative rainfall from multiple rain spells resulted in heavy
flooding over various districts of Maharashtra. Results reported in this study highlight the importance of mitigation and
adaptation strategies against flood disasters.
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1. Introduction

Recent studies have reported significant changes in
precipitation pattern over India resulting in rise in flood
events due to increased heavy rain (Goswami et al., 2006;
Rajeevan et al., 2008; Mishra and Liu 2014; Mishra et al.,
2019). Majority of States in India experienced flood like
situation in recent years (Mishra and Srinivasan 2013;
Mishra 2015; Mishra 2016; Ray et al., 2019; Mishra and
Nagaraju 2019; Mishra et al., 2019). Flash flooding due
to heavy rainfall from multiple rainy spells resulted in
heavy losses and affected millions of people. Maharashtra
is very prone to floods due to very heavy rainfall during
Monsoon season. Maharashtra witnessed a very heavy
flooding in 2005 events due to extreme rainy events over
some of the districts (Bohra et al., 2006). Flood related
natural disasters can not 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 difficult to monitor using
conventional rain gauges and radars due to their limited
coverage. Large scale floods can be monitored by satellite
observations. Mishra (2012) devised a rainfall monitoring
technique by integrating multiple-frequency observations
from satellite to measure heavy rainfall at fine temporal
and spatial scale. Usefulness of this technique was
validated by exploring flood 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).
Present research focuses on exploring heavy flooding over
Maharashtra during June-September 2019 using satellite
observations from Mishra (2012). High temporal and
spatial resolution of the observation helps in exploring the
diurnal feature of heavy rain spells.

2. Materials and methods

Mishra (2012) integrated observations from Meteoat
First Generation (MFG) satellite with Space borne
Precipitation Radar (PR) from Tropical Rainfall
Measuring Mission (TRMM) to derive an algorithm for
measuring rainfall at 5 km spatial resolution. 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 define non-rainy brightness temperature thresholds and
then are divided by non-rainy brightness temperature
threshold to get rain coefficients and their product is
defined as rain index. Rain indices thus obtained
are collocated against rainfall from PR to establish a non-
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Fig. 1. Spatial distribution of rainfall during June 28 and July 01 2019

linear relationship between them. This non-linear equation
is used to monitor hourly rainfall using brightness
temperatures as inputs. Detail of the equation is described
by Mishra (2012). Performance of this technique for
estimating heavy precipitation was tested by validation
against rain gauge observations. A correlation coefficient
of 0.70, bias of 1.37 mm/h, root mean square error of
3.98 mm/h, probability of detection of 0.87, false alarm
ratio of 0.13 and skill score of 0.22 is reported against
hourly rain gauge observations over India during South-
West monsoon season (Mishra, 2012). Comparison with
available global rainfall products shows that technique
adopted by Mishra (2012) outperforms other precipitation
products for depicting heavy rainfall over India.

3. Results and discussions
Hourly rainfall is estimated following technique
described in above section using observation from

Meteosat second Generation (MSG) at 5 km resolution.
Rainfall accumulation is done from 0300 GMT to 0300
GMT of next day. It was observed that maximum rainfall
occurred during June 28 and July 01, 2019 as depicted in
Fig. 1. A peak rainfall of about 200 mm/day were
recorded over few districts of Maharashtra on these two
days.

Fig. 2(a&b) depicts time series of daily rainfall over
districts of Maharashtra during July and September 2019.
Palghar received heaviest rainfall of about 220 mm on
Julyl, 2019. Other districts received heavy rainfall in
multiple episodes during first and last week of July, last
week of August, first and last week of September.
Multiple rainy episodes resulted in heavy cumulative
rainfall over these districts bringing heavy flooding.
Mumbai, Palghar, Thane and Raigad received a
cumulative rainfall in excess of 1700 mm during July and
September. Palghar recorded a maximum cumulative
rainfall of about 2200 mm during July and September
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Figs. 2(a&b). (a) Time series of daily rainfall and (b) Accumulated
rainfall over flood affected districts of Maharashtra
during July-September 2019
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Fig. 3. Rainfall anomaly over Maharashtra in July 2019 over flood

affected districts
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TABLE 1

Comparison of climatological normal of 5 districts of Maharashtra
from Satellite and Rain gauges for July month during 1998-2019

Districts  Climatological normal for ~ Climatological normal for
July month from IMD Rain  July month from Satellite
gauge (mm) (1998-2019) (mm) (1998-2019)

Mumbai 921.84 887.52
Satara 225.16 214.75
Sangli 88.25 79.65
Pune 190.43 173.67
Kolhapur 286.35 250.34

2019. Satara, Pune and Kolhapur also received cumulative
rainfall in excess of 500 mm during these rainy spells.

Fig. 3 illustrates the rainfall anomaly in (%) of flood
affected districts in July using long term trends from
1998-2019. It can be seen that Sangali, Pune, Satara,
Mumbai, Kolhapur, Raigad, Palghar, Thane received
above normal rainfall during July 2019 from multiple
rainy spells. Sangali recorded rainfall in excess of 200%
of normal. Pune and Satara also received rainfall in excess
of 100% of normal rainfall. It was the second heaviest
rainfall in Mumbai in the last 45 years. Heavy rains led to
the collapse of multiple walls, which caused most of the
deaths. A municipal wall in a Mumbai slum killed 21
when it fell. Six died after another wall collapsed in Pune,
and three died after one fell in Thane, a suburb of
Mumbai. Results reported in this research validate the
efficiency of satellite remote sensing for near real time
monitoring of flood events. This can be very useful for
minimizing the damage caused by flood disasters.

We also have compared the climatological mean of
July month from Satellite with rain gauge observations
from IMD. For this purpose, 5 districts namely (Mumbai,
Satara, Sangli, Pune and Kolhapur) were used because for
3 other districts there was data gap for 4 or more years
during 1998-2019. A comparison of these values is
presented in Table 1.

It can be seen that the climatological normal from
Rain gauge and satellite is in good agreement. Lower
values of climatological normal from Satellite as
compared to rain gauge is attributed to the fact that
satellite underestimates rainfall as compared to rain
gauges due to larger foot print. Rain gauges have very
limited coverage and sometimes heavy rain fall sweep
away these gauges which in turn limits the applicability of
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Fig. 4. Shows the comparison of anomaly (%) in July during the
period 1998-2019

rain gauges for monitoring heavy rain induced flash
flooding.

Fig. 4 shows the comparison of anomaly (%) in July
during the period 1998-2019.

It can be seen that both rain gauge and satellite
shows above normal rainfall for July 2019 over the
districts Mumbai, Satara, Sangali, Pune and Kolhapur.

4.  Conclusions

This research focuses on exploring a flood event of
Maharashtra in 2019 using remote sensing application.
Results report that multi-day heavy precipitation during
July to September caused record cumulative rainfall over
few districts which triggered catastrophic flash flooding.
This paper also highlights the importance of remote
sensing technique for near real time monitoring of flood
disasters. Radars and rain gauges have very limited
coverage and thus are not suitable for monitoring heavy
rain induced flash flooding. Past studies report significant
increase in flash flooding due to increase in extreme
precipitation over Indian region (Rajeevan et al., 2008;
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Mishra and Liu, 2014). Recent decades witnessed multiple
flood events over Maharashtra due to changed
precipitation patterns induced by climate change (Mishra
and Liu, 2014). Considering the inaction in mitigating
anthropogenic ~ warming/climate  change,  disaster
preparedness system is imperative for managing these
disasters.
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