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OBJECTIVES

Simulate the rainfall-runoff process with HEC-HMS using conventional rain
gauge data.

Simulate the rainfall-runoff process with HEC-HMS using radar derived
rainfall data.

Compare the capability of the two different measurement systems in order to
give correct input to derive rainfall-runoff model.

Data Collection:

+» State Ground and Surface Water Resources Data Centre(PWD), and India
Meteorological Department (IMD) for rain gauge data.

¢ Cyclone Deduction Radar Centre (CDR), Port Trust, Chennai for radar
derived rainfall data.



INTRODUCTION

Precipitation is a significant input for hydrological models; so, it needs to be
quantified precisely.

At present, the measurement of rainfall in a watershed is based solely on rain
gauges network - assumption that it is uniform over the area - under or over
estimation of runoff.

There are numerous papers showing the improvements in flood estimation and
flood forecasting using radar rainfall as the input data to the hydrological
models.

Limited studies are carried out in India to utilize the weather radar products
for hydrological purposes.

Utilization of DWR products for hydrological purposes similar to rainfall-
runoff modeling, flood forecasting, flood zone mapping, and R&D activities.
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DWR Products and Z-R Relationship

CDR provides continuous data on various meteorological parameters;

»Rainfall Data (SRI and PAC)
»Wind speed and Wind direction
» Temperature
»Humidity
» Alr pressure
> Visibility

Z=AR"

Z - Measured Radar Reflectivity in mm®/m3
R - Rain rate at ground level in mm/hr

A, b are constant and it varies from place to place, time to time and for
different types of rainfall events.

Radar operating in the CDR, Chennali Port Trust has the following Z-R Relationship,
Z=267R1L3%

Error due to Ground clutter, Attenuation, Bright band and Vertical profile need to be

corrected.
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ADVANTAGES AND DISADVANTAGES

The weather radar, which is a widely used basis for rainfall estimation at

fine spatial and temporal resolutions, can better capture the spatial variation of
rainfall fields than rain-gage rainfall data, in areas where rain-gages are
distributed sparsely.

Approaching storms can sometimes be observed before they reach the
catchments of interest.

It can be used as a forecasting tool for flash flooding and severe thunderstorm.
It can supplement the existing rain-gages.

It determines the intensity of precipitation.

It helps to plan watershed management, based on the rain estimation over

the catchments.

The weather radar does not measure rainfall directly; algorithms are used
to estimate the rainfall from radar observations. The radar data requires
vigorous quality control before being converted into precipitation products
that can be used as input to hydrologic models.



METHODOLOGY

Cartosat 30 m DEM from NRSC Rainfall Data Collection (radar & gauge)
Watershed delineation - using Reformat, Geo-reference the Radar
HEC-GeoHMS (GIS pre processor) Data using VB Script/ArcGIS

Parameters calculation using _ o S
Soil and Landuse maps Loading Precipitation grids into DSS

Basin Model, Meteorological Model, Control
Specification creation in HEC-HMS

Simulation of Rainfall-Runoff Process
Compare Radar & Rain gague runoff

Analyze the discrepancies and provide suggestions 8



METHODOLOGY - Radar Data Processing

Radar Rainfall Data Collection from CDR, Chennai

Reformat the Radar Data to Standard ASCII format
using VB Script

Calibrate the Radar Data using PERL Tool

Geo-reference the Radar Data using ArcGIS

Create Single Grids (DSS files) using
asc2dssGrid Tool and VB Script (Batch Processing)

Creating Grid Set from Single Grids
using HEC-GridUtil 2.0
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Radar Data — Projection
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ASCII Data to DSS(Single Grids) Conversion
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A HEC-GridUth 20 - Test
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HEC-DSSVue Utility for DSS File Editing
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Radar Rainfall Information Extraction

C:\Users\acer\Desktop\session e4\Daily PAC - without Calibration
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Radar — Rain Gauge Data comparison

Radar data (mm)

S «

Rain Gauge _cgu = % '('éc = g _g E % — ‘_;:

| g £| & s £| E £ g g2 3| &

Stations > X = = ¥ S g < s 2 G 2
04-Nov-10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.90
05-Nov-10 0.00 0.00 1.00 1.00 0.00 1.00 0.00 0.00
06-Nov-10 2.90 2.20 10.00 2.60 16.60 0.00 1.00 2.20
07-Nov-10 19.30 20.90 17.00 19.70 14.30 17.40 11.90 26.70
08-Nov-10 9.60 13.50 10.00 36.90 31.80 6.80 18.90 37.59
Sum 31.80 36.60 38.00 60.20 62.70 25.20 31.80 71.39
Rain gauge data (mm)

04-Nov-10 1.80 0.00 4.80 1.00 5.00 13.00 0.00 73.00
05-Nov-10 3.80 0.00 0.00 0.00 5.00 6.00 0.00 0.00
06-Nov-10 3.80 0.00 5.00 8.00 12.00 0.00 0.00 0.00
07-Nov-10 22.80 23.80 21.40 11.20 12.00 5.00 8.20 11.40
08-Nov-10 47.80 40.80 44.80 49.00 49.00 37.00 53.00 79.20
Sum 80.00 64.60 76.00 69.20 83.00 61.00 61.20 163.60
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Calibration of Radar Data

Radar Vs Rain gauge Data

20C
g y=1.786x
El R2=0.441
= 160 ¢
=]
€
S 120
2 120
=
2
< 80 o —*
=
s 40
&
Q)
o
% 0 . . : : l
= 0 40 80 120 160 200

Radar Rainfall Accumulation ( mm)

Radar Rainfall Calibration Model (Original Values)

Radar rainfall calibration factor for the study area is identified as 1.786



Radar Rainfall Calibration — PERL Batch Program

@ Select CAPerl\bin\perl.exe | =HNCY |&I
el
Enter the multiplier: 1,.786
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ASCII Radar Data — Before Calibration

p

400

400

322843, 046897
1345294, 817031
500

Edit Format View Hel

J 2010110702502543 - Notepad
Eile

ncols

Ar oWs

x11corner

yl1lcorner
cellsize

ocoooom oo [=J=Nole] oo o oo o oo oo o [Cal oo (=Rl
000090000 (=R Nole] == =] (=R o L =N=] oo o (=] L =N=] cooo .
- (=] - 0O DO = w0
oo o 0000 OO0 O« oo o coo =t CcCoOooooO . . (=R Ralelele] o~
N =1 ] (= LI AT B == R R R R B (=== R N N | ~ =t
[ Mo Mo N BN o Mo N N o000 000 (=R == Ry - OO0 0000HH = OO0 000 N
L= ~ o o w (=] [=] [=] —
OO OoOMNDOoOOO 00007 0000 00014200000008260000000150
[ Mo N N N P N Moo N N DODOoDD .« DD OD COOMRMNW OO0 000OWOoOW . OO0C0CooOOoWIn [Tal
. . oo 1_0 B =] P
[=jelelelelelelele) 00001 000000007r 00000042 COoO0oo0OOoO o -
] S s s Du ....... P T = T [ = oo
[ P o O @ O [=a] [Tal
DODOOoOD OO0 0000010000000 . i cCoOocoCooo - COoO0O0O0O0O N
T P . T T (=t = e N N L =D —
COO0OOoONOOOO 00007 _...r0000000113&0000008290000000155
000040000 COoO00 OO0 OoOO0oOOoOMNH COoOoOoCoowWowm (=R Nolelelele] [==]
..... P R o i e - gar]
000020000 00002 [ e e s R R o o oV (gl o o e o) B ) (o= Jlanla o aw Jan i s )

cooco 'dooo coocow .oCCOCOCOoOoOMm OO0 OoOoOoOR . oooOooOn .
Lt - e e e e e s I e (At = R [N o = R ~J
000020000 COCOgNOCOODo00 N 0000000 i 000000 XSN
0000200000000052000000Oozzooooooogzgoooooooznﬁ
000060&&&&&&&& MO0 00Co00rM 00000 0Hw® .O00Soo0a M
~ NS IR =1 w e
000030000000002 cCoocoooooo cocococoon coocoooMN .
af 8 s s 8 8 8 81 8 - I L = R = k=]
o000 00000000 0IN 00000000 MN «+ 2000000 ® s oo ooOoOoM .
rm ot o Ey=y- =t
0000600000000UH_)._U_"U_"U000005200000002220000000892
000020&&&&&&&&03&nmnmnmnmnmnmnmanOnmnmnmnmnmnm?.?_?nunmnmnmnmnmnm&m.?_
CoocoOnCoO0000000 LMoo 000000MA_O000000OMH _ o000 0OR A
............. L D T = D D R o L= D L e 2
COoOoOoORODODOoOOoOOoOoDODOoOoOMN cCooooooOoO A L OD000000 (=R o )
- =t TN =1 = 4 T=}
COoO00 0O0O00000O00OM 000000000 - 0000000 o000 OMNA -
- I I I i AOS « + « « « .« . MG« o« o o o w
cooo AECO0000O0OHNOOODODO0D N 0000000 N o000 00oNaN
000020000000003?.00000000&9000000002200000008w8
COoO0O0OOOoOoOOoOOoOOoO0O000  HOOODODOOOOMNm OO0 0000OMRM OO0 OW (]
o~ -o Lo [=N N}
000040000000001 cCoocooooowm coocoocooo coocooow .
I I I = [t N = R [
0000 0000000000 LO00000000M + 0000000 i goecooowH .
~ =) oo ==
0000300000000OHIOOOOOO000200000000820000000202
000023&&&&&&&&45&nmnmnmnmnmnmnm:.“SOnmnmnmnmnmnmnmlgn,nmnmnmnmnmnm?.ﬂ.?
CoOoONHO0000000  WOoOO0O0O000O0OHS _O000000w0 _O000000 o
..... L N R R S T S o = T S o == T -
COoOoOoOm O0000000H_ o000 00OOWnN R=Y=R=Y=N N =R o000 0 .
e o Py =} —Hoo e
= B G0 . e e e e oe e P = DOD . . e e . .o o
0000_.. AOOCoOICCONHACICCTOBC M COBCI0S N S0 acoamH
OoCoOHMNOCOODo0O0 HO0OD000d i1 _O000000 N _So00000oNIn
CO0OO0OWOOoODOoOO0O0O0000 . O000D0D0000HD  O000000MRH - OODO0DO0DO0O0O [=)
=] e = LRiS —
coocon ocoooooocod ooocoooOoOoO coocococoon coocococoo .
cHD + - . . . . .. LI I I MO« « e e e NS . e . . . —
cooo SO0 OooOoO00oOMm 00000000 - . O00D0000 igoeccoooH .
oo e —Hoo =]
cooo ZUUUUUOOOH2000000005200000000 .20000000042
CoOoCoOUMOOO00000 HO0000000HS o000 00OMmIn_ o000 000 Al
..... A I - B B I A L = B B I A B I L =B B I e T = o
COoOO0OoOw O0000000H o000 00OOH oo oOoOM o000 O .
e [ I =1 Ao oo
L - B oo e e e HOD . .+ . . . . . e N = T ~J
0000 < 000000004200000000 N 0000000 N 0000000

00-057,:0'000000 10000000010 000000034 OO0 0000 2
)J_)._ 20 O [Fala¥]
00;00 0.0000001 cCoOooCoooouwm COoOO0O0O0OOMN OO0 O0O0O0O .

[Tel
odgoo 200l00000H_)._000000009200000000120000000012
0-.001900-000007 JJOOOOOOOOLJJHMOOOOOOOIE&OOOOOOOHE
0.-000500.00000 0“0000000010.“ 00000003)‘“ (=R Nolelelele] 11._
.......... _)._l........lO........ZO.......Trz

.00030000'0000lw0000000OIHOOOOOOOOTrm&OOOOOOOIH
.0004 COoOOoOpPpDOOoOO0OO coooooooMm [ [ o o o s s ] [ e e s B R e R}

Ol [ N N N Mo T o IR o T o T o T o e o e e | P D000 000oWm . 00000001 .
= 800 _)._8
10-0000001200000000 = 0000000821000000052

..... P I e L =R = B T2

[=je Nl [=jelelelelele)e] cCoOooCoCooOo OO0 00000 OO0 O0O0O0O0O .
[=1] [TaRts] = oo DM [Ny

COoO000 (O0000000 « . O0000000 .« DO O0DOoOm « D000 00— .
..... N L D N N = = R G L - D R T T L -]

900000300000000480000000039 0000000861000000099

=== ==t === N N R R R N N e e e e N N RN Y e e e e e N R R R R N N N N = = =N T- T T
=] — — S e -
[(N=F=N=l=lo i Y e ) coocooooo ocoocoooow cocooooo
..... e B S B ol - D S S S S S
=1 =] — A . ==t
UUUUUU.}.UUUUUUUUI_}_UU0000001210000000821000000002

aOOOOOSOOOOOOO00_...r000000001680000000184000000028
COO0O0O00000000000=HOODOO OO OSHMNOODOOOOO-SNROOOOOOO o=t
..... = L D e I = L T = L B e = T
[=je Nl [=jelelelelele)e] [=Relelelelelele] (=R Nalelelele] (=R Nolelelele]

[ =t o — O =t — oD =t W0
COoO000 O0000000 «  O0000000 « « O000000 « « . ODO000000 _«

COO0O0O0OHOOOOOOOOHMNOOOOOO OO HNHOOO O OO0 HNHOOOOOOO M

9
.0

[

NODATA_val

ER )




o | (B0 e S

ASCII Radar Data — After Calibration
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Radar Rainfall Calibration Model (Adjusted Values)

Calibrated Radar Vs Rain gauge Data
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STUDY AREA SELECTION

SO‘U:U"E 80‘3?'0"12
Study Area Selection - Adyar Watershed
¥ Y Area of the watershed: 632 km?
N
- Average Annual Rainfall: 1200 mm
Average Monthly Minimum
Temperature: 19°C
Average Monthly Maximum
Temperature: 42°C
‘Nu rl;‘;?:‘::?hr:reather Radar Station, CDR
13°0°0" N+ 130" 0" N
] Legend [
® DWR Station
—— Adayar River
A Raingauge Stations
Adyar Watershed 24
"1 60 km Buffer from DWR Station| [| 5 10 2 Slomees

1 I
80°0"0"E 80°30'0"E



Basin Model — Grids with HMS nodes and Links
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Adyar Soil Map
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Adyar Landuse Map
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Basin Model — Parameters

# Subbasin Area [Subl - Radar]

Show Elemente: | Al Elements

Sihhasin Area

(kM2)
|E_ 109.57
W00 100,63
1080 120.33
W40 1816
w580 78227
WE30 885,665

e [E [

Sarting: .Hydrologic ]

Show Elements:

s Curve Wumber Loss [Subl - Radar]

All Elements

) 5CS Transform[Subl - Radar]

Show Elements: | All Elements

Subbasin Lag Time

(M)
Wa20 265.0123614
Was0 243.1208371
W1080 204.0629391
W740 357.3741832
w580 314.6685575
We30 4492,539933

Subbasin Initial Abstraction Curve Mumber Impervious
(MM} (%a)
Wa20 5.17 83.08 27.75
Wa50 3.03 89.35 27.75
Wi0s0 6.99 78.41 13.125
W40 3.9 86.69 17.5
W530 5.38 82.51 27.125
We30 4,44 85,12 18.75
[hesly ) [[ose ]
i Muskingum Routing [Subl - Radar] | — | (=] |£&
Show Elements: | All Elements
Reach Muskingurm K Muskingum X Mumber of
(HR) Subreaches
R.310 0.023 0.25 1
R.400 0.97543 0.25 1
R.150 2.4289 0.25 1
R0 3.7404 0.25 1
(aerly ] ((Gese ]
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HEC-HMS Model

& HEC-HMS 3.5 [EAZ - Research\08 - HEC HMS Praojects\Sub 2\Adyar Sub2 - Using Gage Weight\HMSProject.hms]
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NOTE 10179: Opened basin model "Subl - Radar” at time 30May2012, 16:01:25,

NOTE 10179: Opened basin model "Sub 2- Raingage™ at time 30May2012, 16:01:28.




RESULTS AND DISCUSSION
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RESULTS AND DISCUSSION

Subl - Nemam Sub2 - Adyar
Watersheds (Ungauged) (Gauged)
Calibrated Radar Data Rain Gauge Data Calibrated Radar Data Rain Gauge Data

Area( km ?) 110 632

Peak Outflow(m?®/sec) 90.5 92.3 621.9 392.8

Date of Peak Outflow 07-Nov-10 07-Nov-10 07-Nov-10 07-Nov-10

Total Outflow(1000m?) 3168.6 4574.8 28593.3 32572.9

Discrepancy 30.74% 12.22%

» Original Radar Rainfall data is quite low when compared to the rain gauge
rainfall data, so it needs to be calibrated.

»Simulated values obtained from the model using Calibrated radar and rain
gauge inputs are compared and difference in peak outflow is 12 % for Gauged
watershed whereas it is 30 % for ungauged watersheds.

» The model prediction using radar data and field discharge are in fair
agreement.
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MEDIA INFORMATION

Severe Cyvclonic Storm Jal near Chennai, Tamil Nadu,
Formed October 31, 2010
Dissipated November 8, 2010(Monday)
Highest 3-minute sustained:
winds 110 kem/h (70 mph)
1-minute sustained:
100 kem/h (65 mph)
Fatalities atleast 118 dead, 12 missing
Damage 51.723 billion (2010 USD)
Areas Malaysia, Malay Peninsula, Sri Lanka, India
affected
Part of the 2010 Pacific typhoon season
&

2010 North Indian Ccean cyclone season

Severe Cyclonic Storm Jal near Chennai, Tamil Nadu, India, at
peak intensity on November 7, 2010(Sunday)

Power outages occurred at many places in Tamil Nadu and Andhra
Pradesh throughout Sunday.

One person was killed in Chennai Tamil Nadu when a tree toppled.
On November 9, The Andhra Pradesh chief minister K ontjeti Rosaiahsaid)
that about 54 have died in India due to the storm.

Media news
'JAL' weakens into cvclonic storm PTI Nov 7, 2010, 06.32pm IST

CHENNAT: Severe cyclonic storm 'JAL' has weakened into a cyclonic
storm and lay centred over southwest Bay of Bengal. about 250 km east-

southeast of Chennai, today even as two persons died in rain-related

mcidents in Tamil Nadu.

Jal, which means water in Hindi, will bring thunderstorms.

Bay of Bengal

N
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CONCLUSION

» Research investigates the feasibility of using DWR rainfall data for
hydrological purpose in Chennai watersheds.

»Radar outflow pattern matches the observed outflow.
» The research concludes that DWR products available at CDR, Chennai can be
used for hydrological purposes such as runoff estimation, flood forecasting, flood

zone mapping, and Research and Development activities because of the benefits
of their spatial and temporal information content
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FUTURE RESEARCH RECOMMENDATIONS

» DWR station is applying unique Z-R relationship, it may not be appropriate .

» Study area has inadequate automatic rain gauges, both recording as well as non
recording rain gauges are considered.

» Research will be extended to simulate rainfall-runoff for the entire watersheds

In Chennai basin to assist the policy and decision makers for better planning and
development activities, especially in remote areas where rain gauges are sparse.
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Thank you
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