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HYDROMET DIVISION, NEW DELHI

PAKISTAN RAINFALL (mm.) FOR THE PERIOD

A 01.062013 TO 30.09.2013

Real Time
Rainfall
monitoring

BAY OF BENGAL

Hydromet
Services

Flood
meteorological
Services

Hyomet design




7 Map SE'E‘;.IE :g:\/h_\\
Kjbul L‘t ‘-/_\"7
®

g'sHMIR

\slxmabam i
SUT PSTI MU AND )I

Kabul
LB

o‘(,./.

ARG=1289

-[ {
Islamab:
\pryfgﬂmmu AND
® KAZHMIR

Surface obs(Dept)= 203

e OFman . B
et \i%:ur.a L/ﬂ'/
" C o
ol Sy L
s
Gabule MY Al S Py
e I TR
e i ashmir
N C
Hallia q...ew\g
sgrf o0 G €
e RN ARBAT
ekl 3/ v.m..n & ¥ F\.m Thasa
Pakistan e ‘Mmk"-ﬂ/ \ ruoi*
> o i £
P .4..,,"- Ohangadhy = uksnat A
= Focint g ,wp,.w dq = — Aruna@hai )

R
k Nepal MM"W’_‘/«_“D‘J!- Pragesh “\}f\‘

=
S prace
TR o. . e ¥ LAND e \'(\' L) qnw‘i > % ﬁﬂ"‘ Qo srk“:h e ‘i 2 ':\:Qw”:”m‘X
@ e "o e 1 @ Karpurs T s {
e sees sg,. “m \1. e 5/ ol 4o s ‘Bum mu:':“d\_\ Ko Nagaana ‘
® (& anie R A Il A e = iy
. .Hanglad#h %/ P L] '
¢ e ] o nank
1 Y Suies g o oty
MIZORAM ] Qe Indla e e Benag
\E o M Ear S onu®, 0w crpgangnd 8 ety
Myanmai urma) e 2 o & Pirkoi 9% osrss - Myanmar
0% (Burma) g (Rima) IR P g szl s, PR G L) SO e
£5 u? ® .8 a g PR cm:- B0t it fonows |
Agarataria § Nvo 8 " vanarssn . = i Mo
@ ° aypyitaw ] ® o, 000 i
oJA 2, Naypyitaw Mum ol & REdo e o 7 Frien 5 |
M crfpogant ! e gy 5 \'\
uihighy, s, . 5 'p 52 \.\ » oryderangy | RN
L . WANA. - ?0 aq.a raquq o prriy ol MY
b * Hydeghad” L . o0 0,00 e Fadesh @ Yangen
. 8 82 %% g ) o ‘
® %o . o Samatha, s
Ny - @KARN ST RK :Ma‘lgb )
E2hs o ooy st
AH%NK. -FIAI]ESﬁ @ o - 2
e tmm e R
aeﬁﬁgfu %hsma. Bay of Bengal 5 S i .
. & U 2 "t o o £
)’WM'H ’M z Andamen{ i il @
it Andaman | 4 - Kol et
K"’ L= + ki g ® O s,
e .:- + = Coogle 5"“1&§m|mmmm Aapeo, Teke Al - Toc T Lee
Pilot Ball 62 Surface ObS(N()n Dept)— 241
w T
Map  Saslite Zj/h\ I = i
/
o Gt
el " S s S ws
® Islamabiad ’ et
SCEAI Aumu AND S_)I tabulo * L'“_;;-‘;’w??u HhAL -
b ':'u”"" Kashmir.
7 - L . A ,C}
o Rt
f HIMACHAL e s = o
S~ PRAPESH Lahoa = Pradesh L
igarh Changggar e ey \ AUAHAT
§ Faisalabad o/ Punjab - - Lhasa
Pakistan UTTARAKHANDL Pakistan UNJAB =T T TARAKHAND.  Pakistan }J & W::::-tm\’ g
HARYAN, it 4 ARYAN ST ; isher Ll 4 1 Wubsnat
ARUNACHAD, ? ARUNAGHAD, ety o @ BigiDong'Q Nn i = P.,ﬂ,.;,.;()
NewDelhi yTTAR Nepal ""’\,L,\m :c\_P‘/ PRA$SH NewDelhi yTTAR -4 Nepal ‘-'\,L, “Q—N‘/ PﬁAvsH ,/. epal Sratvmandy y e s \
PRADES =L, ADES mm h o Ji SR it Bhutan puemral
Jaifur '# Rathmandu 51K Bhutan [] Jaifur '? Rehranil Bhutan ol i el ) ROTTRC g R Wy
~ AR THAN ¥ SHIg! A_MZ}»:‘\ SSAM ~ ? ARETY N ? *‘\,g,,.)m‘ issﬁm L = o *:“ o '“: WBaisha
L awan A MEGHALAYA NAGALAND s ¢ ? s S Uecraiavs NAGALAND P W Biger® o N e gnatays v 1
\ A tact ~
¥ e ) . = R {
. 1 pu
“f> o ?h A it ﬁ “"> ! ¢ iﬂanglad ih’J MMIFU“ i T 29 0% i o gharkhan®” '.'f:mg':d“"(' 1~
i § MADRY A JHarKfaND Banglade; ""’ﬂ G ? t\r UHARKHA ol uHA = ‘o ,,J""“‘“”ﬂ Pradesly . @ o v @ ATN
GUJARAT y PRADESH . TRiEyAA ) UJARAT o FRADESH cI f S 4 Pt . sa® wogg  [Droka
% India WEST BENGRL ¥ Ahmedabad India WEST BENGRL iZodAm ot @ O vassdar @ Chhattisga® \ sy
At MIZOBAM CHHALTISGAR | Pec  Surat ° e L3 &
CRHALTISOARH | $ b4 b o @ e et 0 e 8 gty feie lrpun A i yanmar
t Myanmar | wwsug vanad P 0omss Hi ° o (Burma)
Surat Myanmar ? El (..J [Byurma] e 8 ik ) © oo
% (11 (Burma) flanar oS Mizaram.
O b
ooisia T RDLERA e WPanarastra @ - ALY,
@ ! AAHARASHTRA 9 i R & e et i
? MAHARASHTRA L o >,...;.=.' ar
: ALy Mumbai @5 o Beribag @ ol
MBCibai H ? (L e ® e
? SNANS hg ® At CSEEEEY STl M
NGANA L4 A ; g o Peesh s Yangen
Hyderabad P 4 ? Goa| Pgual . ]
? ? l«-muiu lexims .
GOA ANDHR A {Bay ot
ANDHRA KARNATAKA TPRADESH wA ¥ !M,,,.,,. ay o - i
CARNATARA | it zﬂ%‘.w:u o )
9 Bendfluru  Chefinai Bay of Bengal o
9 ae.—.@mu ché!wai Bay of Bengal ? 9? ég” . i, m'lm 8 o
Mysuru ) e I o ivaran .
oMysuru ’ ? B r g 4
9 TAMIL NAGQ 7 i [ A Andaman Tae LR
é 9 | ™ Koohi = = g’ ORIPUND o) naeey -
K l PXTNrS (“’ h
7 i SriLay e - 5 .
] . KER g PRI EURULCUGICAL LUEFARK | IVIE| S04 3728 a1 g g, Goage Mo, Mg, Tee Al - o L




RAINGAUGE NETWORK
(REAL TIME)
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Hydrological Observations
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HYDROMET DIVISION, NEW DELHI
RAINFALL (mm.) FOR THE PERIOD
01.06.2015 TO 30.09.2015

DATA PROCESSING FOR RAINFALL SUMMARY REPORTS

Regional /
P Station R/F transmitted to R.M.C. / M. C. Met.
Centre

Rain Recording
Station

Information Disseminated
to USERS

Prime Minister House
Cabinet Secretary
Agriculture Ministry
State Agencies
Finance Ministry
Foreign Embassies
Insurance Companies
CWC, NCMRWEF & NRSA

Prepares R/F stati
for the Subd ns,
States, Regions and

the Country

INDIA METEOROLOGICAL DEPARTMENT
ARA T
DISTRICTWISE RAINFALL DISTRIBUTION

STATE RAINFALL NORMALS (mm)
Annual(Jan-Dec)

INDIAN

LeGEnD: [ Excess (205 or MoRE) [T NORMAL (+119% To 139 [ DEFICIENT (205 TO 555
O scanry psus 10905 T Mo |10 [mETEEES

I figures are bascd on uperational data,
[B] Small figures indicate actual ralnfall fmm.], while bald figures indicste Normal raintall fmm.)
Percentage Departures of Rainfall are shown in Brackets.

INDIAN
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INDIA METEOROLOGICAL DEPARTMENT 1951 - 2000

HYDROMET DIVISION, NEW DELHI
ey T

ALL (mm.) FOR THE PERIOD
01.06.2015 TO 30.09.2015

OCEAN

LEGEND: [EXCESS (+20% OR MORE] [JNORMAL (+15% T0-13%) [ DEFICIENT (20% T0 559

~ 250-500 [ 501 - 1000 [ 1001 - 2000 [ 2001 - 3000 > 3000

TMENT

OJscanrv o 109959 CIno Ra (-10mg [wo para



SPATIAL ANALYSIS WEEKLY
R R = At

[ROLOGICAL DEPARTMENT 23-04-2015 TO 29-04-2015 HYDROMET

Rainfall Information

14T
Upper Brat magwie

1-20mm 20 -40 mm [ 40-80 mm [F0 80 - 140 mm [ 140 - 200 o [ =>20
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India Meteorological Department
Hydromet Division, New Delhi

SUBDIVISION - WEEK BY WEEK DEPARTURES (CUMULATIVE)
Period :01-06-2015 To 05-08-2015

MET. SUBDIVISION

B

A& M ISLAND

ARUNACHAL PRADESH

ASSAM & MEGHALAYA

BIHAR

CHHATTISGARH

COASTAL ANDHRA PRADESH

COASTAL KARNATAKA

EAST MADHYA PRADESH

EAST RAJASTHAN

EAST UTTAR PRADESH

GANGETIC WEST BENGAL

GUJARAT REGION

HAR. CHD & DELHI

HIMACHAL PRADESH

JAMMU & KASHMIR
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MADHYA MAHARASHTRA
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DISTRIBUTION OF CUMULATIVE RAINFALL - GRAPH
COUNTRY INDIA
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Customized Rainfall Information System (CRIS)
Hydromet Division - .

India Meteorological Department
Ministry Of Earth Sciences
New Delhi-110 003

http://www.imd.gov.in/ ‘ Hydromet Services

http://hydro.imd.gov.in/hydrometweb/(S(04sgl4f3rgdk3w55m1vwb445))/landing.aspx
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Near 90 % of natural disasters were caused by
| Weather-, Climate and Water-related hazards
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Flood Prone areas
N

India

v Major Flood Prone

States Assam,
Bihar, West Bengal, UP,
Odisha & Andhra
Pradesh

v’ Major Flood Prone
Basins

Ganga, Brahmaputra
& Mahanadi
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32
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*

HEAVY RAINS IN SHORT PERIOD
LANDSLIDES AND AVALANCHES
CHANGE IN RIVER MORPHOLOG
FAILURE OF DAMS AND OTHER
HYDRAULIC STRUCTURES

< ENCROACHMENT IN FLOOD
PLAIN AREAS

% CYCLONES, CLOUD BURSTS
% GLACIAL OUT BURST

i - — 7

*e

<

3

*

*e

*

Fiood Inundated areas in part of Bihar State, India & adjacent area of Nepal
Blntent o e ariys of PSP ot of 23 Al 2008 & Fisdaraan St of 22-Aurguat 2008

FLOODS




FLOOD FORECASTING

INDIA
METEOROLOGICAL COORDINATION
DEPARTMENT

CENTRAL WATER
COMMISSION

FLOOD QUANTITATIVE CENTARL FLOOD
METEOROLOGICAL PRECIPITATION FORECASTING

OFFICE (FMO) FORECAST DIVISION (CFFD)

FLOOD
FORECAST

HiIea FHiEaa fQsr=r Qs
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o 75° 80" 85" °0" 95"

S. No. FMO/MC  Year Estb. No of Sub-basin .. SR
1 Patna 1973 6
2 Asansol 1980 3 sinata
3 New Delhi 1974 3
4 Agra 1985 8
5 Lucknow 1974 14
6 Jalpaiguri 1974 3
7 Bhubaneswar 1974 8
8 Guwahati 1975 17
9 Ahmedabad 1974 19
10 Hyderabad 1977 30 R . ¢
11 Srinagar 2015 4 1 @ ] .
12 DVC 1949 3 " -
Total 118 - =

INDIA METEOROLOGICAL DEPARTMENT (e




SYNOPTIC CHART, SATELLITE& RABAR
PRODUCTS, SYNOPTIC ANALOGUE &

Rainfall data from d Weather Forecast Models
RCs/MCs/FMOs I

Weather

Hydrological ﬁ Hydrological Model
Observations Y J

FIOQd _ Streamflow Forecasts
Warnings

I HiEH Tasir=1 ST
INDIA METEOROLOGICAL DEPARTMENT




FLOOD MET OFFICE HYDERABAD
I N I U I S I O I a I I a/ \ M I N G Q I I IMD GFS Rainfall(mm) Forecast (24hr) Day 1 FCST valid for: 01.07.2015  TILL 08:30 IST

QPF are framed using the following;
I.  Synoptic charts o S o

Il.  Synoptic analogue

1.  Satellite products

Iv. Radar products

V. NWP model analysis and forecast

vi. sub catchment wise rainfall forecast
of NWP models-GFS, WRF and MME

16°N —|

14°N —

74°E 76°E 78°E 80°E 82°E
Sub basin wise Average Rainfall Estimation
B Palkri =




NWP MODELS

*GFS (T574/L64):7 days F/C, 00 &12UTC, ~ 22Km
resolution

WRF(ARW):3 days F/C, 3DVAR assimilation, 00&12 UTC at
27,9 and 3Km resolution.

sLocation specific Forecast for 100 cities.

‘MME:3 days F/C, 0.25 x0.25, NWP models (i) IMD GFS
1574, (i) ECMWEF T799, (ii1) IMA T899, (iv) UKMO and (v)
NCEP GFS

N HIRA HiEsa A==t s
T/ INDIA METEOROLOGICAL DEPARTMENT

P




DURING FLOOD SEASON, FMOs send QPF Bulletin (9.30AM) and
HYDROMET BULLETINS (12.30PM) to CFFD, includes following :

QUANTITATIVE PRECIPITATION FORECAST (QPF) FOR THE NEXT
THREE DAYS (CATEGORIES: 0, 1-10, 11-25, 26-50, 51-100 &
>100mm) AND OUTLOOK FOR FURTHER FOUR DAYS FOR THE
CONCERNED CATCHMENTS/SUB-CATCHMENTS

PREVAILING SYNOPTIC SITUATIONS

SUB BASIN WISE AREAL RAINFALL OCCURRED DURING PAST
24-HOURS RECORDED AT 03Z.

» STATIONWISE SIGNIFICANT RAINFALL DURING THE PAST 24-
HOURS AT 03Z.

HEAVY RAINFALL WARNING FOR THE NEXT 3 DAYS
QPF SHOULD BE ISSUED DURING THE PERIOD OF FLOOD SEASON
0 GENERALLY IT EXTENDS 15" MAY TO 31t OCTOBER.
0 PENNAR- IT IS UPTO 315" DECEMBER

If heavy rainfall is expected during non-flood season or in the
event of Cyclone, FMO issues QPF/HM Bulletins.

HiIea FHiEaa fQsr=r Qs *\\
INDIA METEOROLOGICAL DEPARTMENT G




H1d BIwH A1
GOVERNMENT OF INDLA IV, OUTLOOEK FOR SUBSEQUENT FOUR DAYS

FArEH Eae BT g MRS METEQROLOGICAL DEPARTMENT
== {Ministry of Earth Sciences| 0 -
(g T e l_f_j:'..'!:;:&\_‘ Flood Met=arolagical Dffice., WAMEOF BASIN OUTLOOK
q1E WHE SRTE ST T L U A -
e 13302 % ; J-;. Sector - H, Kahmnaur. Thay-4 Day-5 Diay-6 Diay-7
WRTH - 7132 ' ' e os T MAYURAKSHI T larg= Yo larz= To Loz
S N : Dikshin Dl Rist-Bavdhaman. acresss i gai hoomER | hhoEEE ) Mo EE
waa (241-2272728/28 rl-;_ﬁ-'l{}] m&;;p;;l— 713302 Decrzasz in mainkill chanzs changs chanea
e w O341-2272728 =S i Fee 0341-2272728 AT0Y S Tolwze | Nolauze | No lues
= rrail: frmoas | Sre difmail com EATEATAT B B chames chames chanma
fmoasl@gmail.com Al D 55 in geingll Mo larzs Mo larzs Xo larzs
TR n e chanea chanea chanpa
V. ETATIONS EECOEDED 531G EATNFALL {=5cm) EECOEDED AT 0830 HRSIST OF TODAY:
RefNa: FRIHL Bull=tin/63 Dated: (2/0B2013
Tims of [szua: 1230 bz MAYTTURAESHI Fampnihai 0.8 o, Woemi 6.8 oo, Warmennne 93 cm Ehasin 130
cm, Mahao 7.5 cm Messanjore-§.1 cm, Ramesrh-§ 8§ cm , Jormondi-
Hydromet Bulletin 130 om, Eathiknngd 6 3 cm
SYNOPTIC SITUATION;; The depression aower Jharkhand and adjoining {angeis, West Bengal ha AJOY Wenzlhote- 100 o, MNanha B0 o Ghempae Y f o Siatia 65
mavedwestsouthwestwardsand laycentredoverGangetic We st Bengal & adjoining Jharkhand near Lat23.: “ﬂ'_.mml;_ﬁ 5 Madbppns 8.5, Degghar 128
N and Long. 86.0°E, abowt 70 km east northeast, gf Ranchi {Jharkhand) at 0830 hours I5T of today. FEANEABATI z-3 1 ocm D EGhat 59am

it would maowve nearly westwards and weaken ints a well marked low pressure area grad ually.
The axis of monsoon trough passes through cantre oflow pressurs area

aower central Pakistan Badjoiningnorthwest Rajasthan & Punjab, Firozpur, Karnal, Lucknow, centre of dejpr VI.EEALISED BASIN AVERAGE EAINFALL AT 083 HESIST OF TODAY:
sion owerGangetic West Bengal & adjgining Jharkhand, Krishnanagar and thence scutheastwards to narth

stBay of Bzngal and =xtands upts 3.5 km abowve mean s=a l=wvel. ﬂ
5. W BASING MANME BEALISEI AVERAGE
IL FORECAST FAINFALL {mm)
1 MAYURARSHI B
INTEHEITT & - 3
QFF () SPATIAL DISTRIEUTION - AJUY A5 3
S No. | BASIN NAME = - k] EANEABATI ITT
Day-1 Duay-2 Daay-3 Diay-1 Diay-2 Day-
I MAYURARSHE T 2650 | 1125 | 1125 | REWS MFW M
1 ATOY 2650 | 1125 | 1125 | REWS | MFW | ME (PN HANZDA)
x - - — - Z - AMT
3 EANSABATL | 24350 | 1128 1125 EHWE MFW MTF FLOOD MET OFFICE
szl
III. HEAVY RAINFALL WARNING
IEGENT:,
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EANSABATI Heavv tag very HIL HIL OFF in. Sanaes imml: 0, 140, 1325, 2550 S4-105 =400
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Heavy Rainfall — Ujjain
19t July, 2015
.| Riven Basin: Chambal
i Comparison of
20 Observed Rainfall with
, WRF 00 UTC Products
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RAINFALL : 117 cms (ANNUAL), T Ty T T

89 CMS (SW Monsoon) ;
HIGHLY VARIABLE IN SPACE
15% AREA OF INDIA > 150 CMS
64 % AREA OF INDIA 75— 150 CMS
15% AREA OF INDIA 40— 75 CMS
6% AREA OF INDIA <  40CMS

HIGHLY VARIABLE IN TIME bt Frvwy

76 % OF ANNUAL RAINFALL
OCCURES DURING 4 MONTHS.

HENCE STORAGE STRUCTURES
ARE NEEDED TO MANAGE Tl ¢
BALANCE 8 MONTHS. 8 / BaAY

ARABIAN | bed OF

SEA \ BENGAL

Approzimals seals

)
T e
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< THERE ARE MORE THAN 5000 DAMS TO MEET THE
REQUIREMENT.

» BECAUSE OF THE HUGE INVESTMENT SAFETY OF THESE
STRUCTURES NEED TO BE INSURED.

» THE MAIN CAUSE OF DAM FAILURES PARTICULARLY EARTHEN
DAMS IS OVER TOPPLING BY EXCESS INFLOW.

* HENCE SPILLWAY SHOULD HAVE ADEQUATE OUT FLOW
CAPACITY. Otherwise Dam will get washed away.

I
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DESIGN STORM STUDIES

Design Storm studies comprising of

,. “ Estimation of Probable Maximum
Pre(:lpltatlon (PMP)”

*» The Probable Maximum Precipitation is obtained from
- Isohyetal Analysis of historic rain storms.

- Transposition of artificially selected rainstorm to
project basin.

- Further maximizing the rainstorm to extreme moisture
conditions.

- Time distribution curves

HiIea FHiEaa fQsr=r Qs
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1-Day Isohyetal Pattern (30.08.1982)
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~ Reum S0 el “Small/ Medium structures

“ Depth Duration Frequency Analysis

Point to Areal Rainfall curve

g IDF Curves

Intensity-Duration Frequency Curves for Gurgaon Station

Time Distribution curve
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CHALLENGES IN QPF

IT SHOULD NOT BE AN UNDERESTIMATE (THERE WILL
BE AN AVOIDABLE LOSS OF LIFE AND PROPERTY) OR
OVERESTIMATE, RESULTS IN UNNECESSARY
DISPLACEMENT OF POPULATION RESULTING IN
DIMINISHING CONFIDANCE IN FORECASTS AND
WARNINGS.

THE RAINFALL RUNOFF MODELS REQUIRE QPF AT
HIGHER RESOLUTION GRIDs WITH GOOD ACCURACY

HOURLY RAINFALL FORECAST IS ALSO DESIRED IN
ADDITION TO DAILY FORECAST.

RAINFALL POST PROCESSOR: BIAS CORRECTED
RAINFALL FORECAST, PROBABILITY FORECAST.

CAPTURING OF EXACT LOCATION AND DURATION OF
SYNOPTIC SYSTEMS AND RAINFALL BY NWP MODELS

INDIA METEOROLOGICAL DEPARTMENT G
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Presentation Notes
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THANK YOU
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