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i1s almost an annual feature in North Bihar

osi and the Bagmati Rivers have been traditionally
n as the Sorrow of Bihar

od forecasting is an important activity of the Water
ources Department (WRD), Government of Bihar (GoE
ing the flood season

disaster recovery can be planned properly with incre:
ime
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SALIENT.EEALURES OF BAGMATI ADHWARA

ainage Area ; 14,384 Sq
age Area in Bihar ; 6500 Sq Km
yulation in Bihar : 55.30 Lakh
ater resources : 2184.4 MCM
erage annual rainfall ; 1255 mm
tal length of main river in Bihar 394 Km
pped area in Bihar ; 5362 Sg Km

aries :Lalbakeya(R), Lakhar
Darbhanga-Bagmati(
Old Kamla(L),
Bagmati(R)




D, GoB has been maintaining gauge sites at various lo
ati and Adhwara group and has been issuing flood report
e following sites after observation of discharge and levels:

1.Dheng in Sitamarhi district.

2. Sonakhan in Sitamarhi district.

3. Dubbadhar in Sitamarhi district.

4. Kansar/Chandauli in Sitamarhi district.
1. Sonbarsa in Sitamarhi district.

2. Sundarpur in Sitamarhi district.

3. Pupri in Sitamarhi district.
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omated flood forecasting model for Bagmati Ac
Basin on the Denmark Hydraulic Institute’s (DHI’s
11 platform would analyze the accuracy enhanceme
lood forecasting of Bagmati river as compared to the

al system
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An Investigation into the Manual Flood Forecasting Accuracy in the Bagmati River

Benibad Ekmighat Hayghat Kamtaul
Date(2013) DHI-1 day CwWC-1day DHI-1 day CwWC-1day DHI-1 day CWC-1day DHI-1 day CWC-1day

Observed forecast forecast Observed forecast forecast Observed forecast forecast Observed forecast forecast
0S5-Jul A47.28 47.42 [N 437 43 .73 LA 41 .41 4148 L PN 4587 468 LA
o6-Jul av. a9 a7 .13 LA a3 24 a3 273 L N 41.24 41.13 P8 AaA6. 71 a46.449 L N
oF-Jul av.82 as.2 LA 4az2. 99 42 91 L N 41.33 4129 P8 av.52 a46.64 L N
os-Jul as8.5 AT 68 4315 L N 41.82 P8 a7 o5 L N
o9-Jul “49.01 a49.62 A48.95 a43.48 A43.35 A A2.46 a2.49 A Aa47.15 a46.31 A
1o-Jul a49.13 “49.36 49.1 44.149 A43.85 A A2.949 42.95 A aA7.85 Aa47.19 A
1a-Jwul a49.22 49.19 a49.2 a4 T2 44.849 A A43.53 4343 A 49.09 50.72 A

1Z2-Jul A49.28 49.68 A9 32 A45. 19 45.33 LA 4408 A2 02 [P A49_4 A49.15 a49.5

13-Jul A49.34 49.35 A9_.35 A5.62 A45.62 LA A4 A A4 57 [P Aa49.39 A49.35 49.46
1a-Jul 49 .14 49,45 A4D_34a A5.08 45.386 LA A4 26 A T2 L PN As8.89 A49.249 a9
15-Jul As8.92 ATF.62 a9 A5 16 A5.23 A5 28 A5.19 45.2 AS5.15 ATF.FO ATF.68 LA
15-Jul A8.65 AE. 96 A 63 A5 AG5.09 =] A5.22 A5 a1 A5 .25 ATF.Z5 ATF.ZL LA
17wl 45 .41 4s8.19 4335 A45.F1L 45.39 A5.F5 44 .95 447 44 .95 4703 A5 T4 LA
1s8-Jul 4817 4s5.19 4815 4527 45.39 LA 4456 a4 7 446 4687 A5 74 LA
19-Jul A7 T2 4792 A7 68 44 .52 a4 73 LA 43 .98 4415 L PN 4554 45 .41 LA
20-Jul av.o aiv.as AT a8 4a3.4a49 a43.66 L N 4326 43 27 P8 a46.5 a46.46 L N
23-Jwul av. 98 a7 68 LA a2 Vs 4a2. 54 L N Aa2. 64 42 34 P8 a456.43 a46.49 L N
22— Jul 4a4s8.11 4as.53 a8 22 Aa2.58 4a2.34a L N a2 28 42 25 P8 AaA6.38 4a46.36 L N
23— Jul aT7.69 AaA7.88 a47.6 a42.41 42.39 A a2.1 4208 A aA6.37 a46.34 A
2a-Jul a48.58 Aa49.23 4815 a2.59 a42.21 A Aa2.24 41.89 A a46.36 aA6.37 A
25-Jul Aa47.91 a48.649 a4r7.8 a2.65 A42.88 A a4.56 aa.7 A a46.28 a46.35 A
26-Jul A8.32 Aa47.56 A3.25 A42.59 Aa42.47 LA A43.98 4415 [P A6.27 A6.2 LA
27-Jul a43.1 4922 a8 A2 71 A42.58 LA A3.26 A3.27F [P A6.86 A6.26 LA
28-Jul a43.1 Aa47.3 a43.1 AZ2.93 AZ2.34 LA AZ.549 A42.34a L PN ATFT.02 ATFT.03 LA
29-Jul a43.2 As.03 a43.3 A28 A3 LA AZ. 28 A2 25 [ PN A5 . A0 ATF.06 LA
3I0-Jul ATF.61 AE.05 AT G A2 A2 A2Z.34 LA A2 A208 [ PN AG.22 A5.99 LA
31wl AT .45 A47.07F LA 41.99 415 LA 42 24 41.89 L PN A5 17T 4512 LA
D1l-Aug 4505 47 .48 [N 41 .84 42.43 LA 414 4341 L PN 45.55 A5 16 LA
o2-Aug AT T4 4928 A7 .65 4205 41.96 LA A41L.F7 41685 L PN A5 22 4568 LA
O3-Aug a7 .68 a7 .14 AT Ta 4a1.92 a2 L N 41.46 4109 P8 Aa46.33 Aa46.21 L N
O4a-Aug Aav.ac arv.s LA 4a41.68 Aa1.77 L N 41.34a 4147 P8 4a46.13 a46.26 L N
O5-Aug a7 .53 a7 .55 LA 41.86 41.42 L N 41.54 41.15 P8 4a46.09 4a5.98 L N
O6-Aug arF. 7 aAF7.62 A A41.79 41.95 A 41.63 41.68 A 46.08 a46.07 A
O7-Aug aAT7.66 AaAF. 79 A a41.83 41.82 A 41.5 41.73 A a6.34 46.08 A
O8-Aug AT TS5 AaAF.e7 a4r7.8 41.99 A41.75 A 41.549 41.331 A a6.3 a46.41 A
O9-Aus) A7.83 a8 AT TS 41.88 4212 LA 41.54 A41.67 [P A6.2 A6.21 LA
Ao-Aue A48.08 A7 97 431 A2 A7 A41.76 LA 41.82 41.55 [P A6.549 461 LA
Al1-Awug A8.35 A8.26 A3.25 A2.58 4243 LA A2 26 4214 [ PN A6.87 A6.66 LA
A2-Aug a43.2 A8.23 LS AZ2.65 Az 02 LA AZ_ A6 A2 TS [ PN AG. A2 AG.98 LA
A3-Aug a43.2 As.03 a43.1 AZ2.6549 A2 .51 LA AZ A1 A2 3T [ PN AG. 32 AS.01 LA
Aa-Aug 48.55 4906 A4S.65 4289 4253 LA 4259 42 L PN 4529 4529 LA
AS-Aug A58 T2 4584 438 43 13 43 13 LA 42.65 4286 L PN 4539 a45.27 LA
1o-Aug 48.56 4592 [N 4337 43 29 LA 42 .89 4283 L PN A5 A8 A5 22 LA
AT7-Aug Aas.aa 4as.1 as_4a a3 3 4a43.53 L N 4a2.96 4303 P8 a46.62 a6.52 L N
18- Aug a4s8_3 Aas.4a41 LA A3 17 43 17 L N a2 87 42 92 P8 a46.69 a46.68 L N
A19-Aug a8 8 4a49.34 LA 43 .36 43 .01 L N az2.s8 42 T4 P8 Aav.23 aA6.72 L N
20-Aug aAs8.7a a49.1 a48.7 a43.93 A43.52 A A42.98 42.91 A a48.26 aAF.3T A
21-Aug a48.47 a48.08 A8 43 “44.03 a41.6 A a43.1 a43.22 A aA7.63 S50.71 A
22-Aug a48.3 a48.26 aA8.23 a3.66 A3 T7 A A2.87 43.13 A aArF.23 a7.2 A
23-Aug) a43.6 A48.61 a43.7 A43.35 A43.12 LA 4239 A42.56 [P ATF.03 A6.89 LA
2a-Aus) a4T.9 A48.31 a8 A2.93 43.05 LA 4191 4214 [P A46.81 A6.89 LA
25-Aug) AT TS 47.39 AT 63 A2.45 Aa42.5 LA 4143 41.24 [ PN A6.6 A6.57 LA
26-Aug) aA4TF.8 A7F.69 AT 9 AZ.16 AZ.03 LA 4119 41131 [ PN A5.52 AG. AL LA
27-Aug) AT.68 ATF.68 AT G A1l.96 Az LA 411 41.1 [ PN AG5.39 A5 .49 LA
28-Aug 48.63 4948 437 4249 41.94 LA 4L FTF 41 44 L PN A5.F3 4527 LA
29-Aug 431 4837 48 A2 TS 4277 LA 4175 4179 L PN 45654 4585 LA
IO-Aug a4s.2 4823 431 a42.87 4287 LA 4182 4183 L PN 4515 45 .45 LA
F1-Aug Aas.34a Aas.4a41 as_4a Aa2.85 4a2.89 L N 4171 41 .94 P8 46.06 a5.88 L N
0l1-Sep) av. a7 4a4s.18 as Aa2.58 Aa2.86 L N 41.59 4171 P8 a6 46.05 L N
02-Sep) av. 67 a7 .53 AT TS5 a2.3 a2 213 L N 4a1.4a47v 4128 P8 a6 4a45.96 L N
03-Sep) a48.66 Aa47.56 A a42.42 A2.049 A 41.56 41.25 A az 46.02 A
0a-Sep) “49.05 49.81 49.1 “A3.36 A42.72 A Aa2.28 41.96 A a8 aAF.22 A
05-Sep) a48.97 49.33 A8.99 aa.32 A44.33 A Aa3.249 a42.97 A aA8.37 52.049 A
D6-Sep A48.97 4901 a43.9 A4 .92 A45.13 LA A3.78 a44.1 [P A8.78 ATF.36 LA
O7-Sep A48.91 A48.12 A43.85 Aa45.28 45.33 LA 4399 4405 [P A48.7 A8.96 LA
08-Sep A8.82 A8.93 a43.8 A5.42 45.45 LA 4411 4412 [ PN A8.28 ATF. 95 LA
09-Sep) a4s.7 A48.6 AB.6 A5.36 A5.38 LA A4 15 A AT [ PN AT 9 ATF.52 LA
10-Sep As. .48 A8.52 a43.5 A5.12 A5.17 LA A3z .99 A4 14 [ PN ATF.59 ATF. TS LA
1l-Sep A8.249 A8 32 A3 28 A4 TFTT A4 TE LA A3 F5 A4=.81 [ PN ATF.69 ATF.Z2 LA
12-Sep A48.249 48.11 A48 24 44 .43 44 .49 LA 4336 4349 A A48.15 AF.FL NLA




1d Time of 72 Hours (Enhancing Lead Time
ides more time to stake holders to respond d




Hydrc

allation of MIKE 11 Software by DHI India

mote sensing and GIS supported Hydrodynamic
odel

apacity to capture data in real time in digital
puter and multimedia simulation

yvides fully dynamic solutions to Saint Venant
ation




Manual Flood Fore | 5.14 14887 say 5.15%.
g = 94.85%

erved and forecasted water levels v/s time plot at Benibc
n Muzaffarpur district on Bagmati River in 2004 flood seasor

=== Observed WL in m.

e Predicted WL in m.




In order to improve the prediction accuracy of
Bagmati River flood forecast the World Bank
(WB) has sanctioned generous grants to GoB

GoB have engaged the DHI India, an Indian
subsidiary of the Danish Hydraulic Institute
(DHI) is using MIKE1 software for
hydrodynamic modeling of the Bagmati River
and its basin.



Implementing Open Channe drodynamics in MIKE11

D) Module provides fully-dyna solution to 1
1ations:

Nonline:

/enant equation when expressed in Cartesian coordinates in the x direc
nas:

@+u@+v@+w@ = _@1+y (a?u + aEu+ aﬁu) + [z

ot dx dy dz dx p ar?  Iy? 02?2
where u is the velocity in the x direction, v is the velocity in the y
direction, w is the velocity in the z direction, t is time, p is the pre
p is the density of water, v is the kinematic viscosity, and f, is the b

force in the x direction.

1. If it is assumed that friction is taken into account as a body force, then v
can be assumed as zeroso: /9w 9%u  Pu
v o 2 — Ul
oz * o

2. Assuming one-dimensional flow in the x direction it follows that:
Ju u

v + W

3y 6‘ 4

. Assuming also that the pressure distribution is approximately hydros
llows that:
p = pgh

ifferential form:

dp = pg (0h)



http://en.wikipedia.org/wiki/Nonlinear
http://en.wikipedia.org/wiki/1-D_Saint_Venant_equation

Continuingsthe.Computatic ore of MIKE11

put into the Navier Stokes e

__1pg(Oh)
2 N

. There are 2 body forces acting on the channel fluid, gravity, and

fm 2 fmﬁg + f.'I!,_f
Where f, , is the body force due to gravity and f,
force due to friction.

5. fx.q €an be calculated using basic physics and trigonometry as in Fig.2

Fy = sinflgM
where F is the force of gravity in the x direction, 8 is

angle, and M is the mass
&

X(hyp)

[S)

(adj)
Fig2: Diagram of block moving down an inclined plane.

The expression for sin 0 can be simplified using trigonometry as:
sint = %
small 0 (reasonable for almost all streams) it can be assuir
sinf = tant = ﬁ =8
ad)
that f, represents a force per unit mass, the ex

fm,g - .QS




Continuing,the Computationak€ore of MIKE11

n
ing the energy grade line is not the same as the
or a reach of consistent slope there is a consistent fri
ows that:

f:c,_il' = ng
ese assumptions combined arrive at the 1-dimensional Saint
on in the x-direction:
du Ju dh
E-i-ua—x-l-ga—i-g(g—gf}:{]
(@) (b) (c) (d) (e)

where (a) is the local acceleration term, (b) is the convec
acceleration term, (c) is the pressure gradient term, (d) i

gravity term, and (e) is the friction term.

solution to these partial differential equations are used in simulating
behavior under unsteady flow conditions where the parameters'kee
ging with the changing f)iow conditions. These equations are usefu
ating the changing river flow parameters to arrive at the solutions
i¢ conditions. Finite Element Method (FEM) and other complé
are used to simulate the dynamically changing flow conditi
al modeling software.




E11 has the capability to process huge hydrologi

a and generate simulated maps of flood forecast ¢
indation model using GIS platform in forthcom

tures.




MIKE 11 GENERALED BAGMATHRIVER LONGITUDINAL
SECTION STARTING FROIM ENERYGIN INDIA NEAR
DHENG BRIDG EIN KOSI NEAR




MIKE11 MODEL GENERAIR

ATION-MODELING MAP OF

BAGMATI ADHWA
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LEGEND

PREPRATION OF FLOOD MAP FOR BAGMATI IN LIDAR IN AUG/2006

THE ORJECTIVE OF THIS CONSULTANCY AS STIPULATED IN THE CONTRACT IS T0 EQUIP THE FMLS
CENTRE WITH:

L A comprehensive model/ suite of models for i ing in ehe

river basin in Norch Bihar up to Hayaghat and

2 Piloting detailed immdation mapping in an area of as follows:

DEFTIAT THE COMMUNITY LEVELAND

3. Training of FMISC, i of flond,

THE SPECIFIC OBIECTIVES OF THE CONSULTANCY ARE:
AND DISASTER RISK REDUCTION PURPD
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FLOOD FORECASTING ASED ON-RAINFALL FORECAST

=== .

IN THE CATCHM $00% ACCURATE

IMD WRF Rainfall Forecast (mm)
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Automate \Ccuracy

\pare the Accuracy in manual flood forecast
model generated flood forecast.

ibad base site in Bagmati river for flood seaso
3 is given ahead.




Automatec ‘ acy in Bagmati
Adh

1 to compare the accuracy in manual flood forecasting w
del generated flood forecast we have to run the model and ¢
the forecast results for a long period say at least a flood seasa

s choose the flood season of 2013 for which we have both the
generated and manually observed results belonging to the same
Benibad gauge site in Bagmati River.

ng the same method for calculating the prediction accuracy we get
esults as in Fig.5 in automated flood forecasting on MIKE11 platfor
Benibad in Bagmati on the same real time data set.

Mean Error =102.25562%
ket Model Flood Forecasting Inaccuracy =2.2556288
Say, 2.2688
pence, Miken Flood Forecasting Accuracy =100

=97.74:48




CWC DAILY OBSERVED ) UALLY*PREDICTED WATER LEVELS
AT BEDIBAD SI | EOOD SEASON

= Observed WL in
m.

== Predicted WL in

/M m




MIKE11 MODEL
DURING THE

== Observed WL in
m.

== Predicted WL in
m.




—

The paper tried to explain the need to automate the
manual flood forecasting mechanism in Bihar as a
direct outcome of the Mega Kosi Flood Disaster in
2008

The Bagmati Adhwara River basin automated flood

forecasting was conceived by the WRD with the aid
of World Bank

The DHI was assigned the task of modeling the
Bagmati River on MIKE 11 Platform.



How the hydrological and meteorological data are
gathered in Bagmati Adhwara group of rivers

The manual flood forecasting have remained miserably
low with normal range of around 85% in Bagmati River

In spite of the fact that the rainfall forecast accuracy have
tremendously increased over the years with IMD using
super computing platforms to predict rainfall in the
catchment of River Bagmati with normal accuracy of
about 95%.



le data analysis has shown that the manua
asting accuracy is about 95% whereas automa
d forecast accuracy with real time data capturing
same period and same site comes to about 98%
rate.
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