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PREFACE
Central Water Commission had made a small beginning in Flood

Forecasting & Warning service in India in November 1958 with .one forecasting station at
Delhi, the national capital, on the river Yamuna. Today, its network of Flood Forecasting
and Warning Stations has gradually extended over the years and covers almost all the
major inter-state flood prone river basins throughout the country.

The network comprised of 175 Flood Forecasting Stations including 28
inflow forecast during the year 2008, in 9 major river basins and 71 sub basins of the
country. It covered 15 states besides NCT Delhi and UT of Dadra & Nagar Haveli. The
flood forecasting activities of the Commission are being performed every year from May
to October through its 21 field divisions which issue flood forecasts and warnings to the
civil authorities of the states as well as to other organizations of the central & state
governments, as and when the river water level touches or is expected to touch the
warning level at the flood forecasting stations.

The flood season 2008 witnessed unprecedented flood events in recent
history. Both the river Subarnarekha at Rajghat and river Ghaghra at Ayodhya had once
again recorded in 2008 a fresh "unprecedented Flood", for the second consecutive year
after experiencing a similar event in 2007. In addition, "unprecedented Flood" was
recorded on river Puthimari at N.H.Road crossing, river Devi, a distributory of river
Mahanadi at Alipingal and Gharghra at Elgin Bridge. The year witnessed moderate

, intensity floods in most part of the northern India, after a gap of few years. No forecasts
were required to be issued at 36 stations. .

During the flood season 2008, in all, 6691 flood forecasts were issued, out
of which 1021 were inflow forecasts and 5670 level forecasts. Out of 5670 level
forecasts, 5551 forecasts i.e., 97.90% of the forecasts were found within permissible limit
of accuracy of +/ - 15 ern. Similarly out of 1021 inflow forecasts, 1003 inflow forecasts
i.e., 98.24% of the inflow forecasts were found within permissible limits of accuracy of
+/-20%. Thus on the whole, out of 6691 forecasts, 6554 forecasts i.e., 97.95% forecasts
were found within permissible limit of accuracy.

The level of performance achieved, has been possible as a result of the dedicated
team work of the officers and staff marming the various activities of hydrometeorological
observations & flood forecasting in monitoring the flood forecasting activities of the field
offices.

Flood Forecast Monitoring (FFM) Directorate plays an important role in
compiling the information received from various field offices and issues daily bulletins
which are sent to various offices of the MaWR, MHA, Railway Board, Transport
Ministry, Ministry of Agriculture. I wish to place on record my deep appreciations of the
efforts put in by the officers and staff of FFM Directorate in carrying out the work with
utmost devotion & dedication in bringing out this report. The staff of this Directorate,
along with other supporting staff from other Directorates attached to this Directorate
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during flood duties in the flood season of 2008 also deserves all appreciation in keeping
the control room fully functional on all the week days, including holidays, Saturdays &
Sundays. The control room was kept operational round the clock during the period of
unprecedented floods especially for formulating & issuing three hourly special flood
bulletins. Special mention is made of Shri Chhotey Lal, Director (till November 2009),
Shri. R. Shirnray, Director (at present) Shri. A.K.Srivastava, Deputy Director (Comm) ,
Shri.S.Venkatarqman, AD (HM), Shri. Krishna Kumar, EAD· (HM) Shri
R.Jayachandran, Sr.P.A (HM) and Shri.S.N.Biswas, Sr.P.A (HM), Shri.Rajbir Singh,
Data Entry Operator, Shri.Jameel Ahmed, Steno-Gr-Il, and in preparing this Appraisal
Report.

It is hoped that the momentum gained in improving performance,
innovations in evaluation, modernization as well as computerization, year after year, will
be further accelerated to achieve greater accuracy of each and every forecast especially in
high and unprecedented flood situations.

Suggestions / comments of the Users of this report with a view to further
enhance its usefulness are welcomed and will be incorporated in the next edition .

New Delhi
February, 2010

.../l~
MEMBER (RM)
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EXECUTIVE SUMMARY

1 GENERAL

The Flood Forecasting and Warning Network of the Central Water
Commission comprised of 147 level forecasting and 28 inflow forecasting sites
during the flood season 2008 (from 15th May to 31 st October every year). There
were 175 flood forecasting sites and all of them were operational i.e. hydrological
and hydro-meteorological data were duly observed and collected. However, no
forecasts were issued for 36 flood forecasting sites, as they did not cross the
respective warning levels in the flood season 2008.

In all, 6691 flood forecasts were issued during the flood season 2008, the
second largest so far/in any season, which includes 1021 inflow forecasts and
5670 level forecasts. Out of 5670 level forecasts, 5551 forecasts i.e. 97.90 %
forecasts were found within permissible limit Of accuracy of ± 15cm. Similarly,
out of 1021 inflow forecasts, 1003 forecasts (98.24 %) were found within
permissible limit of accuracy of ± 20%. Thus, out of 6691 forecasts, 6554
forecasts (97.95 %) were found within permissible limit of accuracy.

2 Flood Forecasting Performance
2.1 River basinwise

During the flood season 2008, maximum number of flood forecasting sites
i.e. 87 out of 175 or 49.7 percent of the total forecasting sites were located in the
Ganga basin. Similarly, there were 27 forecasting sites located in the Brahmaputra
basin which is 15.6 percent of the total sites. In the Godavari basin, there were 18
forecasting sites i.e. 10.4 percent of the total sites. 15 sites i.e. 8.7 percent of the
total sites were in the west flowing rivers. The remaining river systems covered
under flood forecasting network with single digit site.

. ..... The analysis of forecast data reveals that the maximum numbers of flood
..forecasts (;3020) were issued for the Ganga river and its tributaries. Out of which,
3020 (98.31 %) forecasts were found within permissible limit of accuracy. This is
as per normal situation every year as floods occur more frequently either in Ganga
or in Brahmaputra river and their tributaries. Next highest numbers of forecasts
i.e. 2683 forecasts were issued for the Brahamaputra and its tributaries with an
accuracy of 98.32 percent. The minimum numbers i.e. 57 forecasts were issued
for the Western Rivers basin, whereas no forecast were issued for Southern Rivers
(Pennar).

2.2 Statewise

The analysis of Statewise forecasts data of the flood season 2008 reveals
that although maximum number of flood forecasting sites, i.e. 35 sites of the total
forecasting sites were located in the state of Uttar Pradesh, yet the maximum
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number of flood forecasts were issued for the state of Assam where only 24 flood
forecasting sites are located. On rivers in the state of Assam, 2691 forecasts
(40.22 percent of total forecasts) were issued, out of which 2653 (98.59percent)
forecasts were found within permissible limit of accuracy. Next highest numbers
of forecasts i.e. 1463 forecasts (21.87%) were issued in the rivers of the state of
Bihar, out of which 1457 forecasts (99.59 %) were found within permissible limit
of accuracy.

At 82 sites in the 12 states, all the forecasts issued during the flood season
2008 were within permissible limit of accuracy (100% accuracy) as shown in the
table given below:

Sl. State No. of Sl. State No. of
No

/
sites No sites

1 Andhra Pradesh 6 7 Kamataka 4
2 Assam 12 8 Maharashtra 2
3 Bihar 27 9 Orissa 5
4 Chattisgarh 1 10 Uttar Pradesh 10
5 Gujarat 1 11 Uttarakhand 1
6 Jharkhand 5 12 West Bengal 8

At 46 forecast stations, there was no necessity to issue forecasts, as the
water levels at these stations did not cross respective warning levels.

2.3 Divisionwise

The "Flood Forecasting and Warning" activities are being performed by the
twenty field divisions of the Central Water Commission. These Divisions report
to respective SE's/ CE's in the field which functions under the overall supervision
of the Member (River Management), CWe. These divisions have a dedicated
team of Hydrologists and Hydro-meteorologists who are observing, collecting and
analyzing the data and framing the forecasts of incoming floods in the rivers

-Tlowing through the 'fifteen flood prone states, Union Territory of Dadra & Nagar
Haveli and NCTof Delhi.

During the flood season 2008, the analysis of forecasts data of the flood
season reveals that the maximum number of forecasts i.e. 1344 forecasts were
issued by the Upper Brahmaputra Division, Dibrugarh, out of which, 1329
forecasts (i.e. 98.88 %) were found within permissible limit of accuracy. The
minimum numbers of forecasts i.e. only 4 forecasts were issued by the Himalayan
Ganga Division, Dehradun which were found within permissible limit of accuracy
i.e. with 100 percent performance accuracy. However, no forecast was issued to
Gandhisagar Dam in Chambal Division, Jaipur, Mahi Division, Gandhinagar and
Narmada Division, Bhopal. Forecasts issued by the Lower Yamuna Division,
Agra were also found to be 100% accurate.

2
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3 Data Communication System

There is a network of about 582 wireless stations for near real-time
communication of hydrological and hydro-meteorological data between various
base & forecasting sites and their subdivisions; and divisions (including Control
Stations). The flood forecasts are being formulated in the divisional offices (sub
divisional offices in a few cases) and disseminated by these wireless stations to
the users and also from the divisions to the head quarters of the Central Water
Commission at SewaBhawan, R.K.Puram, New Delhi where "Flood Forecast
Monitoring Directorate" is monitoring the flood situations and forecasts at the
National.level.

In addition, there were 223 telemetry stations monitoring real time hourly
water levels, 15 minutes rainfall as well as hourly rainfall, and other important
parameters, established in Krishna, Godavari, Mahanadi, Chambal and
Brahmaputra Basins. 2 telemetry control stations (DDRGS) are located at Jaipur
and Burla respectively. These were used to prepare forecasts using MlKE-ll
software of the Danish Hydraulic Institute, Denmark, which is being used by
CWC under various names like NAM, System-11, Mike-Ll etc, since 1980's.

The monitoring of floods during the flood season at the Commission's
head quarters has revealed that there was no direct wireless link between the
nodal division MBD/ HOC, Guwahati, LBD, Jalpaiguri, KGBO, Hyderabad and
Delhi for past few years. As a result, the forecasts and-other concerned
hydrological and hydro-meteorological data from the Brahmaputra basin, which
includes the river Tista and other tributaries, besides Barak System, were not
being received directly by headquarter wireless, as the 500W HF wireless set
meant for the purpose was out of order. This had resulted into more dependency
on other mode of communications, namely, telephone as well as fax for data
transmission. As a matter of fact, similar condition existed between Mahanadi
Division, Burla and Delhi, particularly during high! unprecedented flood
situations since the year 2005 particularly in late evening hours. Similar condition
existed between Tapi Division, Surat, and Mahi Division, Ahmedabad and Delhi,
particularly during severe flood situations in the year- 2006 also. During high
flood situations, the data was mostly received on telephone / fax or through india-
water.com (a web dedicated for FF activities of CWC) by few Divisions regularly.
On the whole, telephone, internet and fax links have ultimately proved to be very
useful, reliable and dependable means of communication of flood data, in all
important and critical flood situations, between the field divisions and the head
quarter of the Commission. The existing wireless communication system has to be
strengthened, as it has proved the only dependable communication in disastrous
floods so far.

The telephone, fax and internet in particular were found more useful in
receiving the vital flood forecasts and hourly river data on short notice as the
wirelesses work on pre-fixed timetables only ..

. /
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The analysis of forecasts data also revealed that the Brahmaputra river
system is most flood prone and the flood season starts earlier sometime in first
week of May and extends upto late October. As a result of longer flood periods,
more number of forecasts were issued for the State of Assam.

4 Forecasts Performance Accuracy- Criteria

As per present practice, all the level and inflow forecasts are being judged
by the single criteria of accuracy i.e. ± 15cm for .stage forecasts and ± 20% for
inflow forecast. However, the analysis of the forecasts data of individual sites has
indicated that the application of uniform criteria to all sites is misleading
especially for flashy rivers where rate of change in river level/inflow is sudden /
abrupt and large in magnitude. For example, applying same criteria of accuracy
to all the forecasting sites on the mainstream Ganga in Bihar and to the
forecasting site at Rishikesh on the Ganga in Uttarakhand is not logically correct.
It is observed that in Bihar the rate of rise or fall in the level of the Ganga is very
gentle & mostly even during high flood times less than 15 em in 24 hours, which
is the permissible limit of deviation in the forecast while at Rishikesh, where river
width about 500 m, sometimes there is rise of more than 15 em in less than 3
hours. Even for Brahmaputra at Dibrugarh where width of the river over 10 km
in the flood season, the rate of rise 7 em/ hr sufficiently high during high floods in
2008. River Jiabharali (width about 450 m) at N.T.Road Crossing had recorded a
rise of 24 em per hour beyond its Danger level occurred during Highl
Unprecedented floods. Similarly, on river Vamsadhara at Gunupur, 0.5 m rise was
noticed during high floods. Therefore, there is a need of setting different
yardsticks for judging accuracy of flood forecasts for flashy and flat rivers.

The forecast of incoming flood gives the peak water level or peak inflow
and "time" of occurrences. It is also observed that in many cases the peak levels
attained were found within permissible limit of accuracy but the time of
occurrence was not the same. This factor is not presently being taken into account
while judging the accuracy of-forecasts.

Also; the analysis of forecasts data reveals that it is not correct to compare
the forecasts performance accuracy of the divisions with insignificant number of
forecasts (e.g. 10 forecasts in case of Narmada Division, Bhopal) , with the
performance of Divisions with large number of forecasts( e.g. UBD, Dibrugarh
which has issued 1344 forecasts for various sites under its jurisdiction in flood
season 2008) because where the numbers of forecasts issued are less accuracy
level likely to have large variation even if one forecast goes out of permissible
limit of accuracy then, the percentage accuracy. But it is not so with the
Divisions where number of forecasts issued is large. There is a need to correlate
number of forecasts also in the formula for determining performance.

The study of the forecasts data also reveals that of issuing maximum
number of forecasts (2691 forecasts) were issued in the flood season 2008 for the
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state of Assam. This is because of higher frequency and longer duration of floods
as well as due to more number of sites being on flashy rivers & thus requiring
more than one forecast a day.

5 FloodForecast Monitoring at the ewe's Headquarter

The field units of the Central Water Commission located in various flood
affected states are responsible for issuing real time daily flood forecasts of the
various forecasting sites to the users.' At the Headquarter of the Central Water
Commission, the "Flood Forecast Monitoring Directorate (FFM)" is responsible
for monitoring the All India flood situation as well as daily flood forecasts and
warnings issued by the field divisions every day. The FFM Directorate issues
daily flood forecast monitoring bulletin comprising level and inflow forecasts
alongwith complete analyzed data of each flood forecasting site showing degree
of flood situation in terms of water level in respect of "Level Forecasting Sites"
and dischargel volume in case of "Inflow Forecasting Sites,". In unprecedented
and high flood situations,' three-hourly flood situations I levels of the concerned
sites are also being collected through telephone I faxl wireless and subsequently
special "Red" or "Orange" (renamed from Yellow) colored bulletins on latest
flood situations are being issued by the FFM Directorate. The bulletins in case of
unprecedented and high flood situations are issued to the following authorities.

1. The Hon'ble Minister of Water Resources, Shram-Shakti Bhawan,
New Delhi-llOOO1.

2. The Secretary, MoWR, Shram Shakti Bhawan, New Delhi-llOOO1.
3. The Chairman, CWC, Sewa Bhawan, R.K. Puram, New Delhi-I 10066.
4. The Member (RM), CWC, Sewa Bhawan, R.K. Puram, New Delhi-

110066.
5. The Commissioner (Ganga), MoWR, Block No.ll, C.G.O. Complex,

Lodi Road, New Delhi-l 10003.
6. The Chief Engineer (PM), CWC, Sewa Bhawan, R.K. Puram, New

Delhi-lI0066.
7. The Director, National Disaster Management (NDM) Cell, Ministry

of Home Affairs, Room No. 12, North Block, New Delhi-llOOOl

The special "Red" or "Orange" colored bulletins are being issued for
drawing prompt attention of the concerned authorities towards the severe flood
situations prevailing at that time in any part of the country. The FFM Directorate
during the flood season 2008 has issued ~54 Nos. daily bulletins besides 52 Nos.
"Orange" (renamed from Yellow, under instructions of Standard Operating
Procedure (SOP) of NDMA) and 41 Nos. "Red" bulletins.

6 Responseof User Agencies

Since the issuing of the" Flood Forecasts & Warnings"; and the "Flood
Protection & Flood Hazard Mitigation" jobs are being done by two different

i
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agencies, namely,' the Central Water Commission and the various civil and
engineering authorities of the state governments, respectively. It is the later one
which is the user of the flood forecast & warning issued by CWe.

Although, there are always regular interactions between CWC's "Flood
Forecasters" and the "Flood Hazard Mitigation Authorities", yet very few
agencies give their response on the usefulness of the flood forecast issued by
CWC. They have opined in general that the correct and timely flood forecasts
and warnings of Central Water Commission were found extremely useful to them
in flood loss mitigation, flood protection and reservoirs' operation etc.

The "Salient Features" of Flood Forecasting and Warning Network of the
Central Water Commission are given in the table shown below.

"I. Establishment of 'First Scientific Flood Forecasting Unit" November, 1958
(FFU.) at Delhi in India

2. Date of issue of first scientific flood forecast 25th July, 1959
3. Name of first forecasting site and river Delhi Railway

Bridge (old) on
the River
Yamuna

4. Year of commencement of flood forecasting system on the 1969
inter-state rivers i.e. first national level expansion

5. No. of Chief Engineer's offices including one CE (Flood 9
Management) at CWC' headquarters

6. No. of Superintending Engineer's offices including one 12
Flood Forecast Monitoring Directorate at CWC headquarter

7. No. of present Flood Forecasting Divisions 21
8. No. of Control Room/Sub-Divisions engaged 10 flood 64

forecasting work under above divisions
9. No. of inter-state rivers (main/tributaries) covered by flood 70

forecasting programme
10. No. of states including union -territories covered under 17

.- ,FFp[QgqlInm~ '.'
II. No. of-forecasting sites 173
12. No. of exclusive base stations 350
13. No. of gauge and gauge & discharge sites 1000 (appro x)
14. No. of rain gauge stations (ordinary/self recording) 500 (approx)
15. No. of real time data stations -(wireless stations including 568

Control Stations)
16. Maximum no. of forecasts issued in anyone year , 8566 (in 1990)

Second Highest no.of forecasts issued 8233 (in 2007)
17. Average no.~offorecasts being issued every years 6000
18. No. of forecasts issued in flood season 2006 6663
19. No. of forecasts issued in flood season 2007 8223
20. No. of forecasts issued in flood season 2008 6691

.,

6



CHAPTER-l

NATIONAL FLOOD FORECASTING NETWORK

1.1 FLOOD FORECASTING SERVICES

Flood causes considerable damage to human lives and property almost
every year. About one third of total flood prone area (40 mha assessed by the
Rashtriya Barh Ayog) of the country has been provided with reasonable
protection against flood of a low magnitude due to technological and
economical constraints but there is no protection from floods of higher
magnitude. Since adoption of National Flood Policy by Government of India
in 1954, it was realized that a total protection against flood by structural
means alone is not possible and that optimum solution would consist of a
mixture of structural and non-structural measures. Therefore, stress has been
laid on non-structural measures like flood forecasting and warning, which is
most important among such means to minimize the damage potential from
floods. Accurate and timely flood forecasts and advance warning have,
therefore, to be aimed for providing valuable time to the people and to civil
authorities in taking preventive measures like evacuation, relief and
rehabilitation measures, preparedness for flood fighting by engineering
authorities etc. and thus mitigating such loses from floods.

1.2 FLOOD FORECASTING NETWORK IN THE COUNTRY

Flood Forecasting has been recognized as the most important, reliable
and cost effective non-structural measures for flood mitigation. Recognizing
the great importance of this measure, flood forecasting of river Yamuna at
Delhi was suggested by Reddy Committee set up by Prime Minister, Govt. of
India to manage flooding of Delhi. Accordingly in the year 1958, ewc
commenced the flood forecasting service in a small way by establishing flood
forecasting unit for issuing water level forecasts of the Yamuna for the
National . Capital, Delhi. On the recommendation of various
committees/panels, a "Flood Forecast & Warning Organisation" was set up in
CWC in 1969 to establish forecasting sites on inter-state rivers at various flood
prone places in the country. 41 forecasting sites were added in 1969, making
total number of forecasting sites to 43. Extension of the service followed from
time to time and now the river forecasting has been expanded over the years to
cover nine major inter-state flood prone river basins, which comprises of 71
sub-river basins traversing the country. The year-wise positions of the number
of flood forecasting sites till the flood season 2008 in the network of Central
Water Commission are shown in the Table 1.1 given below:
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Table-1.1: Yearwise positions of number of forecasting sites in ewe
.~

Year No. 0f Flood Forecasting Year No~ of Flood Forecasting
Sites Sites ...•

1958 01 2001 159
1965 02 2002 161 •...
1969 43 2003 166 .coo.

1977 77 2004 172
1980 84 2005 173
1985 ' 145 2006 175
1987 147 2007 175
1990 157 2008 175

The "National Flood Forecasting and Warning Network" of Central
Water Commission, which comprised of 175 flood forecasting sites including
28 inflow forecasting sites in flood .season 2008 is shown in Map-L The
number of flood forecasting sites on each of the nine major inter-state river
systems, which constitutes 71 river sub-basins in the country, are given in the
Table 1.2.

Table 1.2: Number of flood forecasting sites in major inter-state river
systems

T e of Forecastin SitesS. Major Interstate River Systems
No. TotalLevel Inflow

Forecastin Forecastin
1 Ganga & its tributaries 77 10 87~~--~~--~--~----~--~----~~----r---~~--~
2 Brahmaputra & its tributaries 27 00 27
3 Barak Syst..::cem=- -+__ 0..::cS=:--_-+-__ 0'-0'--_-t __ --,O::--:5,-----_-l
4 Eastern Rivers 08 01 09~-"-'-------------~----~--~------"-''------r---~'----~
5 M~hanadi __~ ~----0'-3=----_+_-- __0~1----_r------,O~4----~
6 God,avari 14 04 18
7 Krishna 03 06 09
8 Wes.tFlowing Rivers 09 06 15~~----"-'----,--,----~----~--~----~~----r---------~
9 Southern River System 01 00 01

(pennar)
Total 147 28 175

The above flood forecasting network covers the following 15 states,
one Union Territory and NCT of Delhi as shown in the Table 1.3

8



Table 1.3: Statewise Flood Forecasting Network in CWC

SI. Name of State Type of Forecasting sites Total
No. Stage Inflow Forecasting

forecasting forecasting sites
1 AndhraPradesh 9 7 16
2 Assam 24 0 24
3 Bihar 32 0 32
4 Chhattiszarh 1 0 1
5 Guiarat 6 5 11
6 Harvana 0 1 1
7 Jharkhand. 1 4 5
8 Karnataka 1 3 4
9 MadhyaPradesh 2 1 3
10 Maharashtra 7 2 9
11 Orissa 11 1 12
12 Tripura 2 0 2
13 Uttarakhand 3 0 3
14 UttarPradesh 34 1 35
15 West Bengal 11 3 14
16 Dadra& Nagar Haveli 1 0 1
17 NCT of Delhi 2 0 2

Total 147 28 175

Central Water Commission through its twenty flood forecasting
divisions issued forecasts to the various user agencies, which includes various
civil/engineering agencies of the States/ Central Governments such as
Irrigation! Revenue/ Railways/ public undertakings and Darn! Barrage
Authorities/ District Magistrates/ Sub Divisional Officers besides the Defence
Authorities involved in the flood loss mitigation work. During the flood
season, the Hon'ble Minister of Water Resources, Government of India, the
Chairman and the Member (River Management) of Central Water commission
were also being apprised of the latest flood situations in the above river basins
in the country.

1.3 CLASSIFICATIONS OF VARIOUS FLOOD SITUATIONS

The Central Water Commission has categorized various flood
situations, for monitoring the floods in the country though its flood forecasting
network, . into the following four different categories, depending upon the
severity of floods i.e. based on floods magnitudes.

(i) LOW FLOOD

The river is said to be in "LOW FLOOD" situation· at any flood
forecasting sites when the water level of the river touches or crosses
the warning level, but remains below the danger level of the
forecasting site.
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(ii) MODERATE FLOOD

If the water level of the river touches or crosses its danger level, but
remains 0.50 m below the Highest Flood Level of the site (commonly
known as "HFL") then the flood situation is called the "MODERATE
FLOOD" situation.

(iii) IDGHFLOOD

If the water level of the river at the forecasting site is below the
Highest Flood Level of the forecasting site but still within 0.50m of the
HFL then the flood situation is called "IDGH FLOOD" situation. In
"High Flood Situations" a special "Orange Bulletin" is being issued
by the Central Water Commission to the users agencies which contains
the "special flood message" related to the high flood. -(iv) UNPRECEDENTED FLOOD

•••
The flood situation is said to be "UNPRECEDENTED" when the
water level of the river surpasses the "IDGHEST FLOOD LEVEL"
recorded at any forecasting site so far. In "Unprecedented Flood
Situations" a special "Red Bulletin" is being issued by the Central
Water Commission to the users agencies which contains the "special
flood message" related to the unprecedented flood.

-

Category Description Sta e
IV Low Flood (Water level between Warning level Yellow

and Danger level)
III Moderate Flood (Water level below 0.50m less Yellow

than HFL and above Danger :Level)
II High Flood (Water Level less than Highest Flood Orange

Level but still within 0.50 m of theHFL)
I Unprecedented Flood (Water Level equal and Red ••••

above Highest Flood Level-HFL)

From flood season 2006, as per Standard Operating procedure (SOP)
directives issued by National Disaster Management Division, Ministry of
Home Affairs, vide letter No: 31-32/2003-NDM-III / II dated 10thApril 2006,
(made effective from 24th April 2006), the categorization of alerts is given
below:
Specific hazards have different categories of alerts as indicated below. For the
purpose of dissemination of alerts of PMO/ Cabinet Secretariat, a uniform
system has been devised by categorizing each type of alert in stages- Yellow,
-Orange and Red. For floods they are: (Referred as Flood- Central Water
Commission)

10

In addition, All Ministries/ Departments/ Agencies will be
required to transmit 12 hourly updates for Orange Stage. For Red stage, the
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monitoring will be done using 3 hourly updates.

Although, technically such flood situations when the flood level at a
forecasting site just touches its previous HFL and does not crosses the same,
(i.e. it equals the previous HFL), cannot be termed as unprecedented flood
situations, yet such flood situation are also given the same importance by the
CWC in its flood messages as to the unprecedented flood situations.

The above criteria are applicable so far only to level forecasts and not. .
to inflow forecasts. But in.view of the unprecedented floods in Krishna and
moderate floods in Godavari Basins, it is. high time that similar criteria are
fixed for inflow forecasts too. The reservoirs cannot store beyond its FRL or
MFL and thus all records of inflow will never occur either in yellow/ red
bulletins, whereas the impact of the record inflows are phenomenal. For
example, the criterion for issue of inflow forecast should be the "LOW" and
the highest ever attained inflow (in Cumecs/ Volume in MCM in a given
duration) should be the "Unprecedented" ever attained criterion. The other
two, viz., Moderate and the High are to be fixed, as per each forecast station's
historical data. The categorization of inflow shall be done taking into account
the total live storage of the reservoir and the largest designed flood
discharging capacity and the likely affect of this discharge on the downstream
areas, for each inflow forecast stations.

The inflow in volume during the given duration indirectly indicates the
possibility of accommodating the given volume or otherwise in the-reservoir.
The outflow pattern is decided keeping in view of the safety measures at the
reservoir and the likely impact of the outflow from the reservoir likely to
cause damages/ difficulties in the' downstream areas. Thus, the criteria should
cover all the aspects of the flood pattern at the reservoir as well as the
downstream. As the inflow computation on hourly basis requires the hourly
reservoir levels and hourly outflows, the data processing is more complicated
and time consuming. It is to be mentioned that the inflow computed on hourly
basis, on historical data should be completed and then criteria are decided. The
owner of the data of reservoir is generally the State Government and thus it
willrequire lot of efforts to collect and compile.

1.4 EXPANSION OF THE NETWORK OF FLOOD FORECASTING
SITES

The operation and maintenance of existing flood forecasting network
is carried out as per budget allotment each year under 'Non-Plan' head and is
thus subject to such restrictions and cuts applied to items under 'Non-Plan'.
The expansion of the network with a view to cover additional flood prone
areas is covered under 'Plan' head. Work on such Plan schemes is subject to
approval of specific schemes by the Government and the budget allocation of
funds. After flood season 2004, following one inflow forecasting site was
added in flood season 2005.

j
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S.No. New added flood River State
forecast sites

1 Gandhisagar Dam Chambal Madhya Pradesh

After flood season 2005, the following two level forecasting sites were
added.

S.No. New added flood River State
forecast sites

1 Sahibganj Ganga Jharkhand
2 Ariunwad Krishna Maharashtra

With the addition of above sites, total flood forecasting sites became
175. Due to trial run of the MlKE-ll model at the Jaipur Division on real time
basis, the forecasts issued were not accounted for the flood season 2005.
However, few forecasts issued were accounted for in the flood season 2006
onwards.

The details of all the sites basin-wise as well as statewise during the
flood season 2008, is Shown at Annex-I andAnnex-II respectively.

1.5 DAMAGE DUE TO FLOODS/ IlEA VY RAINS BETWEEN 1953
TO 2008

The damage due to floods for the entire country were estimated to be
Rs.2214.405 crore (tentative) during the flood season 2008 as compared to
Rs.3939.898 crore during 2007. The average annual damages to crops, houses
and public utilities from the year 1953 to 2008 as reported by the States/UT's
are of the order of Rs. 1827.31 crore (tentative), the maximum annual damage
being Rs.8864.54 crore during 2000.

A comparative details showing the details of damages occurred during
the flood season 2006 to 2008 on different accounts, based on the reports
(tentative), receivedfrom the revenue 'authorities of the state governments is
given in the Table 1.4. (Figures given for all the three years are tentative-
Source: FMP Directorate- CWC)
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'Table 1.4: Damages occurred during flood season, 2006 to 2008

Sl. Items Flood damages during Year the Flood Damages during
No. Year 1953-2008

2006 2007 2008 Average Maximum

Year Damage
(year)

1 Area affected (in 0.495 3.549 0.000 7.375 1978 17.500
mha) (1978)

2 Population affected (in 28.57 41.462 19.213 32.661 1978 70.45
millions) (1978)

3 Damaged to 0.433 6.309 1.783 3.620 2005 16.830
Crops(area (2005)

inmha)
4 Damaged to 306.826 1336.315 679.284 712.647 2000 4246.62

cropsrvalue in Rs. (2000)
Crore)

5 Damaged to houses (in 737355 1686135 914251 1212040 1978 3507542
numbers) (1978)

6 Damaged to houses 46.053 1011.967 441.105 282.743 1995 1307.89
(value in Rs. Crore) ./ (1995)

7 Cattle lost (in number) 8932 70650 17214 91478 1979 618248
(1979)

8 Human lives lost (in 1500 2439 2143 1611 1977 11316
numbers) (1977)

9 Damaged to 312.727 1591.616 1188.016 831.920 2001 5604.46
publicUtilities (in Rs. (2001)
Crores)

10 Total damages to 665.606 3939.898 2214.405 1846.838 2000 8864.54
crops, houses &"public - (2000)
utilities (in Rs.
Crores)

1.6 CALAMITY RELIEF FUND

The earlier system of providing flood relief as central assistance to states
has been dispensed with as per recommendations of the Ninth Finance
Commission. In its place the Commission has recommended a scheme, which
is qualitatively different in the sense that specific amount has been allocated to
each state under "Calamity Relief Fund" and the states are expected to look
after themselves in any situation created by natural calamities. The central
government contributes 75 percent of the amount and the state governments
contribute balance 25 percent out of its own resources.

13



1.7 PLAN OUTLAY FOR FLOOD FORECASTING NETWORK

Plan outlay for the "Flood Forecasting Network of CWC" is available
under the plan scheme "Establishment and Modemisation of Flood
Forecasting Network in India including inflow forecasts" under the head
"Flood Control and Drainage". The outlay of the scheme for the Tenth Plan
Period 2002-2007 is Rs.65.00 crore (Rs.51 crore under "Establishment and
Modemisation of Flood Forecasting Network in India including. inflow
forecasts", and Rs.14.00 corore under "Strengthening and Modemisation of FF
and HO networkin Brahmaputra and barak Basin"). The actual expenditure
incurred during the year 2005-06, 2006-07 and 2007-08 were Rs. 9.6 Crore,
RS.12.07 Crore and Rs.10.57 Crore respectively. The aforesaid Plan scheme
has been renamed in XI Plan (2007-12) as "Flood Forecasting" with the Plan
outlay of Rs.130 Crore. The expenditure incurred during 2008-09 is Rs.
13.996 crore.

1.8 NOMINAL COST OF FLOOD FORECASTING NETWORK

Flood Forecasting and Warning Network has helped in reducing flood
damages. It has also helped in utilizing water resources in a better way by
properly regulating the reservoirs/ barrages, ensuring safety of reservoirs,
obviating unnecessary dislocation of population, reduction of expenditure on
flood fighting. The average annual expenditure on flood forecasting services
during Xth plan was Rs 4.66 crore only against an average annual flood
damage of Rs 1360 crores i.e. less than 0.33%. Though there/are no data
about prevention of damages as result of flood forecasting services, yet it is
worth while even if it has resulted in saving of a few lives.

1.8.1 Equivalent value of Inflow forecast

It is to be noted that 1 Thousand Million Cubic Feet (TMC) (about
28.304 Million Cubic metre) of Volume of water (the volume of water
approximately 311 cubic metre per second flow continuing for entire 24
hours) can produce electricity in Hydel Power house costing to the tune of Rs.
1crore (as pet 2003 prices), whereas the same 1 TMC of water can produce 10
crores worth of agricultural produce, provided at least 90 TMC of water is
made available for a duration of a crop (either Kharif / Rabi). At least in
inflow forecasts (28 sites at present) at least 28 TMC of water would have
been saved because of timely forecasts by CWC, and this amount is actually
received by respective Electricity Boards and Revenue Departments of various
State Governments. This amount should be reconciled for ewc for its
forecasting services every year.
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1.9 ANALYSIS OF PERFORMANCE OF FLOOD FORECASTING
NETWORK

CWC carries out analysis and appraisal of the forecasting work, at the
end of monsoon season. Based on this, measures for improvements, if
necessary, are identified. A summary of the performance of the work carried
out by the field divisions during the flood season 2008 presented in chapter-



III. On the whole, 97.95 percent of forecasts where within limits of accuracy.
While the performance of the flood forecasting system is satisfactory, yet there
is constant endeavor for better performance as new technology and more data
are becoming available.

1.10 ORGANISATIONAL SET-UP OF FLOOD FORECASTING
NETWORK

The present organizational set up of Flood-forecasting & Warning
Establishment of Central Water Commission under the Member (River-
Management) is spread over regional offices of CWC each headed by a Chief
Engineer. Eleven Circle Offices and twenty one Divisions in its field
formations carry out flood forecasting activities. In the headquarters One
Chief Engineer (Flood Management) and a Directorate coordinate and monitor
the Flood Forecasting activities. It also issues flood bulletins at national level.

The organizational chart of Flood Forecasting and Warning set up of the
. Central Water Commission is given at Figure-L

.,.~-'
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CHAPTER-2

SOUTHWEST MONSOON ACTIVITIES

2.1 GENERAL

India gets about 80% of its Annual rainfall during the south-west
monsoon from June to September except some portions of south-eastern parts
of peninsular India where the main rains occur during the period of north-east
monsoon from October to December, which overlap with the receding stage of
the south-west monsoon in October; Occasionally, cyclonic storm develop in
the south-west bay and move into the Peninsula and produces heavy rain
during north-east monsoon season.

Southwest monsoon advances from Malabar in the beginning of June.
It produces spell of heavy rainfall along the western coast of the peninsula and
on the southern slopes of Khasi and Jaintia hills in north- eastern region.

In association with the depression which occasionally form in the
North Bay of Bengal and move north-westwards, heavy rains are produced in
the central parts of the country, Orissa, Gangetic West Bengal, southern
districts of Bihar, Gujarat region, and East Rajasthan and in the later monsoon
months in and around North Deccan.

A very important characteristic of southwest morisoon is the
occurrence of "break". The break situations arise when the monsoon trough
shifts to the Himalayas and are very important as these cause floods in the
rivers rising from the Eastern Himalayas. Sometimes, the phenomenon of
break sets in immediately after a monsoon depression has occurred. These two
causes occurring in succession serve to intensify the floods.

The whole India has been divided into the following 36 meteorological
sub-divisions by India Meteorological Department (IMD) since 2002 for the
purpose of studies of rainfall/monsoon activities. The details of meteorological
sub- divisions are shown in Table 2.1.

The progress of monsoon rainfall over the country is monitored by
evaluating the departures of total rainfall from the normal rainfall in respect of
meteorological sub-divisions and districts. The IMD has classified the rainfall
as excess, norrrial, deficient and scanty, according to the following criteria.

Excess
Normal
Deficient
Scanty
No Rain (N.R.)

+ 20% or more than normal
+ 19% to - 19% of the normal

20% to - 59% of the normal
60% to - 99% of the normal
100% of the normal
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a e . . e ai s 0 e eoro ogrca u - IVISlons
S.No. Meteorological Sub- S.No. Meteorological Sub-

Division Division
1 Jammu & Kashmir 19 Tamilnadu & Pondicherry
2 Himachal Pradesh 20 Kerala
3 Punjab 21 South Interior Karnataka
4 Haryana,Chandigarh & 22 North Interior Karnataka

Delhi
5 Uttaranchal 23. Coastal Karnataka
6 West Uttar Pradesh 24 Konkon&Goa
7 East Uttar Pradesh 25 Madhya Maharashtra
8 Bihar 26 Marathawada
9 Jharkhand 27 Vidarbha
10 Gangetic West Bengal 28 Chhatisgarh
11 Sub-Himala yan -W.B. & 29 East Madhya Pradesh

Sikkim
12 Assam & Meghalaya 30 West Madhya Pradesh
13 Arunachal Pradesh 31 Gujarat region
14 Nagaland, Manipur, 32 Sourashtra, Kutch & Diu

Mizoram & Tripura
15 Orissa 33 East Rajasthan
16 Telangana 34 West Rajasthan
17 Coastal AndhraPradesh 35 Lakshadweep
18 Ravalaseema 36 Andaman & Nicobar Island

T bl 2 1 D t'l f M t I 1S b d' ..

2.2 HIGHLIGHTS OF SOUTH-WEST MONSOON 2008

2.2.1 Cumulative rainfall distribution during monsoon season 2008
(June to September)

• The cumulative seasonal rainfall for the country as a whole was near normal.
Rainfall for the season (1st June to 30th September, 2008) was 98% of its long
period average (LPA).

• Seasonalrainfall was 107% of its LPA oyer Northwest India, 96% of its LPA
over Central India, 96% of its LPA over south Peninsula and 94 % of its LPA
over Northeast India.

• Out of 36 meteorological subdivisions, 30 meteorological subdivisions
recorded normal rainfall. Only 2 (Punjab and Orissa) and 4 (Nagaland,
Manipur, Mizoram & Tripura, West Madhya Pradesh, Vidarbha and Kerala)
subdivisions recorded excess and deficient rainfall respectively.

• Out of 36 meteorological subdivisions, 92% of the country's area comprising
32 meteorological subdivisions received excess/normal rainfall and the
remaining 8% received deficient rainfall during the season.

• Monsoon rainfall was marked by large temporal variations for the country as a
whole, as rainfall was 24% above LPA in June and in July it was 17% below
LPA. The rainfall was near normal during August and September as it was 3%
and 1% below the LPA respectively.

• While, there was rapid progress of monsoon over most parts of the country
i after the onset over Kerala on 31st May, there was delay in withdrawal of

monsoon from northwest India. Monsoon covered the entire country on LOth
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July against its normal date of 15th July. The withdrawal of monsoon from
west Rajasthan commenced on 29th September 2008 against normal date of 1st
September.

• IMD' s long range forecast for the seasonal rainfall over the country as whole
and over different homogeneous regions except northwest India have been
accurate. However, the seasonal rainfall over northwest India and rainfall
during July for the country as a whole have not been accurate. While the
prediction overestimated the rainfall during July for the country as a whole, it
underestimated the seasonal rainfall over northwest India.

2.3 ONSET OF SOUTH-WEST MONSOON SEASON 2008

Climatologically, the southwest monsoon has an onset phase from end
of May to end of June and a withdrawal phase from the first week of
September continuing up to the middle of October. The Figure No. 2.1 and
Figure No.2.2 are showing the "Normal dates on Onset and Withdrawal" of
southwest monsoon in India, respectively. The intervening months of July and
August are the months of peak monsoon activity. However, the rainfall over
various parts of the country occurs in association with the movement of low-
pressure systems. The monsoon rainfall thus has its active and weak phases.
Also the paths traversed by the low-pressure systems determine the spatial
rainfall pattern.

During phases of the weak monsoon activity mentioned above, the
monsoon trough of low pressure, which normally runs across-the northern
parts of the country, shifts to the foothills of the Himalaya:s. This produced
heavy rainfall and led to floods in Bihar, West Bengal and northeastern states.

Southwest monsoon advanced over parts of southeast Bay, most parts
of Andaman Sea and Bay Islands on 10 May, 2008, about 5 days ahead of its
normal date (Fig. 1). The monsoon set in over Kerala on 31 May, one day
prior to the normal date. Further, advance took place quite rapidly mainly due
to a depression (5 --, 6 June) over the east central Arabian Sea and a well

.. marked low pressure area (9 - 11 June) over Saurashtra & Kutch and
. neighbourhood. By 16 June, southwest monsoon had covered most parts of the

country except for some parts of Rajasthan. The rapid advance of monsoon
could be attributed to the interaction of the monsoon circulation with mid-
latitude westerly system. Subsequently, there was a hiatus in the further
advance due to the weakening of the monsoon current. The monsoon covered
the entire country by 10 July, against normal date of 15 July. The advance of
south west monsoon 2008 is enclosed as Fig.2.3.

2.4 SYNOPTIC FEATURES ASSOCIATED WITH THE MONSOON
2008

The mid latitude westerly intrusion, which occurred during advance
phase, resulted into above normal rainfall over most parts of north India
(North of Lat.200 N) during June. The monsoon trough with normal
southward tilt with height could not be active due to the absence of normal
large scale north-south horizontal temperature gradient. The break monsoon
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conditions also prevailed over the country during second fortnight of July. It
adversely affected the rainfall over the central and south peninsular India in
July.

Compared to last two years, the frequency of monsoon depressions has
been less with development of only four depressions during this monsoon
season. These included one depression over the Arabian Sea and another over
Bay of Bengal during June, one land depression over coastal Orissa during
August and one deep depression over the Bay of Bengal during September.
The tracks of these systems are shown in Fig. 2.4. The month of July was
devoid of any monsoon depression like the previous July of 1995, 1998, 2000,
2001, 2002 and 2004. However, seven low pressure areas developed during
the season and contributed to the seasonal rainfall.

-
The depression over the Arabian Sea during 5th to 6th June moved

away w-estwards and weakened over the Ocean. The second depression over
the Bay of Bengal during 16th to 18th June crossed Bangladesh coast and
moved across Gangetic West Bengal and Jharkhand. It then moved as a low
pressure area upto east Uttar Pradesh and adjoining east Madhya Pradesh. The
system caused heavy to extremely heavy rainfall over Gangetic West Bengal,
north Orissa and Jharkhand leading to flood over these regions. The third

. system was a land depression (9 - 10 August) over coastal Orissa and was
short lived with the life period of less than 12 hours. The fourth system was a
deep depression (15-19 September) over the northwest Bay of Bengal which
crossed Orissa coast near Chandbali and moved across north-Orissa, north
Chhattisgarh, northeast Madhya Pradesh and central Uttar Pradesh. The
rerrmant low pressure area moved upto northwest Uttar Pradesh. This system
caused heavy to extremely heavy rainfall over Orissa and Chhattisgarh leading
to severe flood over Orissa. This system also interacted with mid-latitude
westerly systems and caused good rainfall over northwest India and led to
flood over Haryana and Himachal Pradesh. Apart from the above systems, 7
low pressure areas formed during the season.

2.5 RAINF ALL
MONSOON

DISTRIBUTION
SEASON (2008)

IN INDIA_ DURING THE

The southwest monsoon rainfall (June to September) for the period 1
June to 30 September 2008 for the country as a whole and four broad
homogeneous regions are as follows:

Table 2.2: Southwest monsoon rainfall (June to September) for the
country as a whole and four broad homogenous regions

Region Actual Normal Percentage
(mrn) (mm) Departure

All-India 873.2 892.2 -2%
Northwest India 651.7 611.6 7%
Central India 956.9 993.9 -4%
South Peninsula 692.5 722.6 -4%
Northeast India 1356.0 1427.3 -6%
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2.6 WITHDRAWAL OF MONSOON SEASON 2008

There was a delay in the commencement of withdrawal of southwest
monsoon from extreme west Rajasthan. The southwest monsoon withdrew this
year from entire Jammu & Kashmir, Himachal Pradesh, Punjab, Haryana,
Chandigarh & Delhi, west Rajasthan, most parts of Uttarakhand, west Uttar
Pradesh and east Rajasthan, some parts of north Gujarat State and north
Arabian Sea on 29th September. The normal date of withdrawal of southwest
monsoon from west Rajasthan is 1 September. The delay was mainly due to
the presence of systems in westerlies over northwest India interacting with the
monsoon circulation. Comparing with recent years (1990-2007), the latest
withdrawal in recent years from west Rajasthan took place on 30 September
during 2007.

(Note: Sources of this Chapter have been taken from "end of Monsoon report-
2008" from web site of the India Meteorological Department collected from
time to time.)
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CHAPTER 3

FLOOD FORECAST PERFORMANCE

3.1 FLOOD FORECASTING EVALUATION
CRITERIA AND PROCEDURE

PRESENT

A number of techniques are being utilised for formulation of river
stage and inflow forecasts by Central Water Commission. While inflow
forecast is being .provided for assisting in reservoir regulation, the stage
forecast is dorle about the predicted water level well ahead of its occurrence.
An accurate forecast is one where the forecast level and corresponding actual
observed level exactly synchronize or have such a small difference that it can
be taken as reasonably accurate. In an ideal situation, not only the forecast
and the corresponding observed value of river stage/ inflow should be the
same but also the time of such occurrence should be the same as that
predicted.

3.2 EVALUATION CRITERIA
FORECASTING

FOR STAGE/ INFLOW

According to the present norms of Central Water Commission, a
forecast of a flood forecasting site is considered to be reasonably accurate if
the difference between the forecast and the corresponding actual observed
level of river lies within +/-15cm. In case of inflow forecasts, a variation
within +/-20% cumec!MCM is considered acceptable.

3.3 FLOOD FORECASTING ACTIVITIES

During the flood season 2008, there were 175 flood forecasting sites
including 28 inflow forecasting sites in operational condition.

3.4 RIVER WISE DETAILS OF FLOOD FORECASTING
ACTtvitES & ACCURACY OF FORECAST

3.4.1 Brahmaputra Basin

During the flood season 2008, analysis of the flood forecasts issued.
reveals that out of 6691 forecasts, 2683 forecasts (40.10%) were issued for
sites located on the main Brahmaputra and tributaries. Out of these, 2638
(98.32 %) were found within permissible limit of accuracy.

3.4.2 Barak and Meghna Basin

During the flood season 2008, 162 forecasts (2.42 %) were issued for
five sites. Out of these, 161 forecasts (99.38 %) forecasts were found within
permissible limit of accuracy
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3.4.3 Ganga Basin

During the flood season 2008,3020 forecasts (45.14 %) were issued
for 64 sites, out of total 87 sites located on the main Ganga and its tributaries.
No forecast was issued for the remaining 23 sites. Out of these, 2969 forecasts
(98.31%) were found within permissible limit of accuracy.

3.4.4 Eastern Rivers Basins including Mahanadi

During the flood season 2008, 148 forecasts (2.21 %) were issued for.
all nine sites and 129 (87.16 %) forecasts were found within permissible limit
of accuracy. Also 87 forecasts (1.30 %) were issued for two sites located on
the Mahanadi river basin, of which 83 forecasts (95.40 %) were found within
permissible limit of accuracy.

-
--

3.4.5 Godavari Basin

During the flood season 2008, 137 forecasts (2.05 %) were issued for
all forecasting sites, of which 124 forecasts were found with 90.51 percent
accuracy. The highlight of this year is the "record flood" in the upper most
reaches of Godavari (from source to Kopergaon), which had demolished the
infrastructure of CWC's telemetry system at Nasik, and major damages at
some sites downstream.

3.4.6 Krishna Basin

During the flood season 2008, 397 forecasts (5.93 %) of the total
number of forecasts, were issued for seven forecasting sites and 395
forecasts (99.50 %) were found within permissible limit of accuracy. River
Pennar, the lone river in southern river system, the river did cross the warning
level, for a short while, and one forecast was issued which was within limits.

3.4.7 West Flowing Rivers
- , ,~,; . .

During the flood season 2008, for the West-flowing rivers which
comprises of the Narmada, the Tapi etc, 57 forecasts (0.85 %) were issued for
sites, out of fifteen sites. Here, 55 forecasts (96.49 %) were found within
permissible limit of accuracy.

3.4.8 Overall Performance:

Thus, in the nine major river systems in the country where "Flood
Forecasting & Warning Network" of the Central Water Commission exists,
and floods are being monitored, the accuracy of the forecasting performance
during 2008 season varies from a maximum of 99.50 % for Krishna Basin and
its tributaries to a minimum of 87.16% for the Eastern Rivers (excluding

. Mahanadi). The overall accuracy performance was of the order of 97.95% for
the country as a whole.
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Further analysis of forecasts performance for the flood season 2008,
also reveals that 100% forecasts were issued for the 82 flood forecasting sites
as listed in Table 3.1

T bl 31 L· t fF t St C ith 100~a e . : IS 0 orecas s a Ions WI o accuracy
Name of the Name of FF site Name of the Name ofFF site
river river

Ganga 1 Haridwar Yamuna 1 Mathura
2 Dalmau 2 Agra
3 Ghazipur . Ken 1 Banda
4 Buxar Gomati 1 Lucknow
5 BaHia ·G~aghra 1 Darauli
6 Patna (Dighaghat) 2 Gangpur Siswan
7 Patna (Gandhighat) Rapti 1 Bansi
8 Hathidah 2 Gorakpur
9 Munger Sone 1 Maner
10 Bhagalpur Gandak . 1 Chatia
11 Kahalgaon 2 Rewaghat
12 Sahibgunj 3 Hazipur

Ramganga 1 Moradabad Burhi 1 Lalbeghiaghat
Bagmati 1 Benibad 2 Muzaffarpur

2 Hayaghat 3 Samastipur
Adhwara 1 Kamtaul 4 Rosera

2 Ekmighat 5 Khagaria
KamlaBalan 1 Jhanjhaqiur Jaldhaka 1 NH-31
Kosi 1 Basua 2 Mathabhanga

2 Baltara Tista 1 Domohani
3 Kursela 2 Mekhliganj

Mahananda 1 Jhawa Barak 1 APGhat
Mayurakshi 1 Massanjore Dam Katakhal 1 Matizuri

2 Tilpara Barrage Subernarekna 1 Rajghat
Ajoy 1 Gheropara Burhabalang 1 NH 5 Road Bridge
Damodar 1 Tenughat Dam Rushikuluya 1 Purushottampur

2 Panchet Dam Mahanadi 1 Alipingal Devi
3 Durgapur Barrage 2 Nimapara

Barakar 1 MaithonDam Godavari 1 Jaikwadi Dam
Brahmaputra 1 Dibrugrah 2 Sriram Sagar

2 Neamatighat .- 3 Eturunagararn
3 Goalpara 4 Dummagudam
4 Dhubri Wainganga 1 Bhandara

Dikhow 1 Shivsagar Manjira 1 Nizamsagar Dam
Subansiri 1 Badatighat Indravati 1 Jagdalpur
Dhansiri (S) 1 Numaligarh Krishna 1 Alamati Dam
Kopilli 1 Kampur 2 Narayanpur Dam

2 Dharmatul 3 Priyadarshini
Beki 1 BekiNHX 4 Srisailam Dam
Mundeshwari 1 Harinkbola Bhima 1 Deongaon
Damanganga 1 Madhuban Dam Tungbhadra 1 Tungabhadra Dam
Total in the year: 82

There was no site where all the issued forecasts were beyond the
prescribed limit of accuracy during the flood sea~on 2008. Sitewise "Forecast
Performance" out of 175 operational sites in flood season 2008 is shown in
Table 3.2. .j'
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Table 3.2: Site wise "Forecast Performance"· of flood forecasting sites of
CWC in Flood Season, 2008

Sl. Details of sites within
No. different range of Flood Season

permissible limit of 2008
accuracy (+/-l5cm,+/- No. of % age
iO%cumec) Sites

1 Sites with performance 0 Nil
accuracy between 0.0
% to 25.0%

2 Sites with performance 0 Nil
accuracy between 25.1
% to 50.0%

3 Sites with performance 4 03.13%
accuracy between 50.1
% to 75.0%

4 Sites with performance 42 32.81 %
accuracy between 75.1
%to 99.99%

5 Sites with 100% 82 64.06 %
performance accuracy
i.e. where all forecasts
issued were within
permissible limit of
accuracy

6 Sites with 0.0% nil Not
performance accuracy applicable
i.e. where all forecasts
issued were beyond
permissible limit of

. accuracy
7 Total sites where 128

forecasts were issued

The other details of the Basin-wise, River-wise forecasting sites, such
as their names, warning levels, danger levels, previous highest floodlevels and
the maximum levels attained during the flood season 2008 together with
number of forecasts issued, the number of forecasts within permissible limit of
accuracy and the percentage of accuracy, are given in Annex-I. The major
Basin-wise performance of flood forecasting stations in India is given in
Annex-lO.

3.5 STATEWISE FLOOD FORECASTING PERFORMANCE

There are 15 states, one Union Territory of the Dadra & Nagar
Haveli, and National Capital Territory of Delhi so far covered under the Flood
Forecast and Warning Network of the Central Water Commission. The
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statewise flood forecasting information in India during the flood season 2008,
is given in Annex-II. Their salient features are as under:

3.5.1 Andhra Pradesh

During the flood season 2008 out of 9 level forecasting sites and 7
inflow forecasting sites, no forecast was required on 4 level forecasting site
viz., Kaleswaram, Kunavaram, Rajahmundry on Godavari and Nellore Anicut
on Pennar. Forecasts were issued for all. others. It is revealed that 52 level
forecasts and 240 inflow forecasts, out of which 46 forecasts (88.46 %) and
234 forecasts (97.50%) were found within limits respectively.

3.5.2 Assam

In the state of Assam, there were 24 forecasting sites and all of them
were level forecasting sites. Forecasts were issued for 23 sites, excluding
Naharkatia. It is seen that during 2008 season, 2653 forecasts out of 2691
forecasts (98.59 %) were found within limit of accuracy.

3.5.3 Bihar

In the state of Bihar, there were 32 level forecasting sites. Out of 1463
forecasts during the flood season 2008, 1457 forecasts (99.59 %) were found
within limit of accuracy, issued for 29 forecast stations.

3.5.4 Chhatisgarh

In the state of Chhatisgarh there was only one level flood forecasting
site (i.e. Jagdalpur) on the Indravati river (a tributary of the Godavari river).
11 forecasts, out of 11 forecasts (100 %) were found within limit of accuracy
during the flood season 2008.

3.5.5 (;ujarat

There were 11 flood forecasting sites in the state of Gujarat including
five inflow forecasting sites. However, the forecasts were issued for only two
inflow forecasting sites. Out of 34 forecasts issued, 33 forecasts (97.06 %)
were found within limits of accuracy during the flood season 2008.

3.5.6 Haryana

Neither any hydrological data was collected nor any forecast was
issued for the lone site Tajewala weir on the river Yamuna in the state of
Haryana during the flood season 2008 also. Instead data from an upstream site,
namely, Hathni Kund Barrage were collected. Consequently, the analysis of
the forecasts data did not explain / reveal any flood situations in the state. The
Upper Yamuna Division will be asked to try for inflow forecasts either to
Hathinikund orTajewala wherever real time data are available.
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3.5.7 .Iharkhand

In the state of Jharkhand, there were four inflow and one level flood
forecasting sites. Flood forecasts were issued for all of them. During the flood
season 2008, all 252 inflow forecasts (100 %) and all 80 level forecasts (again
100 %) were found within limit of accuracy.

3.5.8 Karnataka

There were four flood forecasting sites in the state of Karnataka which
includes three inflow forecasting sites and one level forecasting site, namely,
Deongaon on the river Bhima, tributary of the Krishna. During the flood
season 2008, all 175 inflow forecasts issued for 3 stations as well as 1 level
forecast, were found within limit of accuracy (both 100%).

3.5.9 Madhya Pradesh

In the state of Madhya Pradesh, there were two level forecasting sites on
the river Narmada and 1 inflow forecast site at Gandhisagar. During the flood
season 2008, Necessity did not arise to issue any forecasts, either level or
inflow.

3.5.10 Maharashtra

There were eight forecasting sites including two inflow' forecasting
sites, in the state of Maharashtra. Forecasts were issued for all six level
forecasting sites. During the flood season 2008, forecasts were issued for the
lone level forecasting sites, viz at Kopergaon. It is seen that out of 26 level
forecasts, 25 level forecasts (96.20 %) were found within limit of accuracy.
107 inflow forecasts were issued for two inflow forecasting sites and 101 were
within limits of accuracy.

3.5.11 Orissa

In the- state of Orissa, there were eleven level flood forecasting sites
and one inflow forecasting site i.e. Hirakud Dam on the main river Mahanadi.
During the flood season 2008, 150 level forecasts (90.36 %) out of 166 level
forecasts were found within limit of accuracy. For inflow forecasting site 54
forecasts (94.74%) out of 57 forecasts were found within limit of accuracy.

3.5.12 Uttarakhand (formerly called Uttaranchal)

There were three level forecasting sites in the state of Uttaranchal,
namely, Srinagar on the Alaknanda, Rishikesh and Haridwar on the main river
Ganga. Forecasts were issued for the remaining sites, viz., Haridwar and
Rishikesh. During the flood season 2008, all 4 forecasts issued only to
Haridwar (100.00 %) were found within limit of accuracy.



3.5.13 UttarPradesh

There were 35 flood forecasting sites in the state of Uttar Pradesh,
which includes one inflow forecasting site at Narora barrage (U/S) on the river
Ganga. During the flood season 2008, out of 790 level forecasts, 762 forecasts
(96.46%) were found within limit of accuracy. Further out of 70 nos., 67
inflow forecasts (95.71 %) were found within limit of accuracy.

3.5~14 West Bengal

In the state of West Bengal, there were 14 flood forecasting sites,
which include three inflow forecasting sites. During the flood season 2008,
out of 331 level forecasts, 315 forecasts ( 95.17 %) were found within limit
of accuracy. and out of 157 inflow forecasts, 153 (99.44 %) were found
within limit of accuracy, issued for 12 sites in total (10 level and two inflow
stations).

3.5.15 Dadra &Nagar Haveli

In the Union Territory of Dadra & Nagar Haveli, there was only one
flood forecasting site at Daman on river Damaganga. No flood forecast was
issued for the site during the flood season 2008. (The Madhuban Dam listed in
this Union Territory up to 2004, actually belonged to Gujarat (Val sad District)
and the rnodification has been done in subsequent reports.

3.5.16 NeT of Delhi

There are two flood forecasting sites in the National Capital Territory
of Delhi (NCT of Delhi), namely, Delhi Railway Bridge on the Yamuna river
and Dhansa Regulator at Delhi and Haryana border on the Sahibi river, a
tributary of Yamuna river which is commonly known by name of Nazafgarh
drain within Delhi town. Both the sites are level forecasting sites. Forecast
was issued for Delhi Railway Bridge only. During the flood season 2008, Out
of27fQrecasts, 25 forecasts (92.59 %) were within limits of accuracy

The Statewise performance of flood forecasting stations in India is given
in Annex-Tl ,

3.6 AN OVERVIEW OF FLOOD FORECASTING PERFORMANCE

During the flood season 2008, an average number of flood forecasts
issued per forecasting site was 52.27. The number of forecasting sites where
the performance accuracy of the issued forecasts was found above 97.95 %
(National average for flood season 2008) was 87 sites ( 67.97 %) which
includes 82 ( 46.5 %) flood forecasting stations having 100 % accurate
forecast.

The flood forecasting performance of the level forecasting as well as
/ inflow forecasting sites from 1986 to 2008 is-given in Annex-12.
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CHAPTER-4

RIVERWISE APPRAISAL OF FLOOD EVENTS

4.1 GENERAL

All the 175 flood forecasting sites including 28 inflow forecasting sites
were operational i.e. where desired hydrological data was observed I collected,
during the flood season 2008. During the flood season 2008, all the 175flood
forecasting sites including 28 inflow forecasting sites, were operational. Out of
147 level forecasting sites, water levels at sites (excluding Kanpur), equaled or
exceeded their warning levels and at 102 sites, the flood level exceeded the
danger levels. Unprecedented floods, exceeding previous highest flood levels
(HFL), were experienced at 5 sites, and the levels were recorded within 0.5 m
of their respective H.F.L at 8 more sites exclusively (total 13 on or above
High Flood). All these forecasts were within prescribed limit of accuracy.

Details of unprecedented and high flood events in the various river
systems covered under the Flood Forecasting & Warning Network are given in
Annex- 5 and Annex-6 respectively. Moderate and low flood events were
observed at 32 and 50 sites respectively as listed at Annex-7, for the year.
River wise flood events are described in the following paragraphs.

4.2 FLOOD EVENTS IN THE GANGA BASIN

The Ganga basin comprises of the main stream Ganga and its
tributaries I sub- tributaries which were covered under the ewC's Flood
Forecasting Network. During the flood season 2008, there were 87 flood
forecasting sites in the whole Ganga Basin, which included 77 stage and 10
inflow forecasting sites. The details are given below.

SI. Name of the Total Forecasts SI. Name of the Total Forecasts
No. river no.of necessary No. river no.of necessary at

flc at flc
sites - sites

Ganga Basin:

1 Ganga 22 17 14 PunPun 1 1
2' Alaknanda 1 0 15 Gandak 4 4
3 Ramganga 2 1 16 Burhi Gandak 5 5

4 Yamuna 11 4 17 Bagmati 2 2
5 Sahibi 1 0 18 Adhwara Group 2 2
6 Chambal 1 0 19 Kamla Balan 1 1
7 Betwa 2 0 20 Kosi 3 3
8 Ken 1 1. 21 Mahananda 2 2
9 Gomati 2 2 22 Mayurakshi 3 2

10 Sai 1 1 23 Aiov , 1 1
11 Ghaghra 6 5 24 Damodar 3 3
12 Rapti 3 3 25 Barakar 1 1
13 Sane 3 1 26 Mundeshwari 1 1

27 Kangsabati 2 1

Total 87 64
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During the flood season 2008, the unprecedented flood occurred only at
Elgin Bridge and Ayodhya on Ghagra, a major tributary of Ganga. Refer
Annex-S. High flood events occurred at Harinkhola on Mundeshwari, Elgin
Bridge and Ayodhya on Ghaghra,Balrampur on Rapti, Ekmighat on Adhwara
Group, Benibad and Hayaghat on Bagmati, Chatia and rewaghat on Gandak:,
Muzaffarpur, Samastipur and Rossra on Burhi-Gandak, Jhanjharpur on Kamla
Balan, Basua on Kosi. Refer Annex-6. The occurrence of Moderate and low
flood events is given in Annex-7.

4.3 FLOOD EVENTS IN BRAHMAPUTRA BASIN

The Flood Forecasting and Warning Network of the Central Water
Commission carried of the main river Brahmaputra and its 16 tributaries / sub-
tributaries during the flood season 2008. The details are shown below.

S/. Name of the Total Fore- S/. Name of the Total Fore-
No. river no.of casts No. river no.of flc casts

flc neces- sites neces-
sites saryat sary at

1 Brahmaputra 6 6 10 Beki 1 1
2 Burhi Dihino 2 1 11 Pacladiva 1 1
3 Desanq 1 1 12 Manas 1 1
4 Dikhow 1 1 13 Sankosh 1 1

5 Subansiri 1 1 14 Raidak-1 1 1

6 Dhansiri (S) 2 2 15 Torsa 1/ 1
7 Jiabharali 1 1 16 Jaldhaka 2 2
8 Kopilli 2 2 17 Tista 2 2
9 Puthimari 1 1 Total: 27 26

-

During the flood Season 2008, the "Unprecedented" flood event occurred at
NH Road Crossing on Puthimari (Assam). "High" flood events occurred at
Road bridge on Beki, in addition to location mentioned in Unprecedented
floods. Refer Annex -6. The occurrence of Moderate and low floods is given
in Annex-B.

•..

4.4 FLOOD EVENTS IN BARAK AND MEGHNA SYSTEM

The Barak and Meghna River System under the Flood Forecasting
and Warning Network of the Central Water Commission covers five rivers,
namely the Barak, the Katakhal, the Kushiyara, the Manu and the Gumti
rivers. The river system enters into Bangladesh in the downstream of Silchar
in Assam.

There were five level flood forecasting sites in the Barak: & Meghna
basins system, namely Annapuma Ghat, Matizuri, Karimganj, Kaliashahar and
Sonamura. one each on Barak:, Katakhal, Kushiyara, Manu and Gumti rivers.
The sites AP Ghat, Matizuri and Karimganj are in Assam and the Kailashahar
and Sonamura are in Tripura. There is no inflow forecasting site on any of
these rivers. Forecasts were issued for 3 sites during the flood season 2008,
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excluding Kailashahar andSonamura. The occurrence of Moderate and low
floods is given in Annex-8.

4.5 FLOOD EVENTS IN EASTERN RIVERS SYSTEM

The Eastern Rivers under the Flood Forecasting and Warning Network
of Central water Commission are .the Subernarekha, the Burhabalang, the
Baitarni, the Brahmani, the Rushikulia, and the Vamsadhara.

There are nine flood forecasting sites including one inflow forecasting
site at Gotta Barrage located in the state of Andhra Pradesh. Remaining all the
8 level forecasting sites are in the state of Orissa. During the flood season
2008, flood forecasts were issued for all forecasting sites, excluding Rajghat
on Subarnarekha. At all the 9 forecast sites, forecasts were issued.

During 2008, once again Subarnarekha at Rajghat recorded
"Unprecedented" flood (refer Annex 5) as well as "High" flood (refer Annex
6). Moderate and low flood events are tabulated in Annex- 9.

4.6 FLOOD EVENTS IN THE MAHANADI BASIN

In the Mahandi basin, Central Water Commission has so far covered
only the main stream Mahanadi under its Flood Forecasting and Warning
Network setup. There were four flood forecasting sites, one being the inflow
forecasting site at Hirakud Dam in Orissa. During the flood season 2008, all
the sites were operational in Mahanadi river. Forecasts were issued for all
operational sites, whenever level! inflow value crossed the respective forecast
criteria. Level! inflow forecasts were issued at all the four stations in the
Basin.

It is seen that the no "Unprecedented" flood occurred and only "High"
flood occurred at Naraj on Mahanadi, Nimapara on Kushabhadra, a
distributory of Mahanadi and Alipinagal on Devi, another distributory of
Mahanadi during flood seasons 2008. However, the moderate and low flood
events observed are given.

4.7 FLOOD EVENTS IN THE GODA VARI BASIN

The Flood Forecasting and Warning Network of Central Water
Commission, covers of the main river Godavari and four of its main
tributaries, namely, the Wardha, Wainganga, the Manjira and the Indravati
rivers. There were 18 flood forecasting sites which were operational during the
flood seasons 2008. Out of these, 12 sites were on the main Godavari river
including two inflow forecasting sites, Jaikwadi dam and Sriram Sagar
(Pocharnpad), one in Wardha river, two each on the Manjira and Waingaga
rivers, and one in the Indravati river. Two sites on Manjira, namely, Singur
dam & Nizamsagar Dam were also inflow forecasting sites. The details are
shown below.
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During 2008 season no unprecedented or high flood events were
recorded in this Basin. The details of moderate and low events are shown in
Annex-9 ..

51. Name of the Total Fore- 51. Name of the Total Fore-
No. river no.of casts No. river no.of flc casts

flc neces- sites neces-
sites sary at saryat

1 Godavari 12 7 2 WainQanQa 2 1
3 . Wardha 1 a 4 Manjira 2 2
5 Indravati 1 1

4.8 FLOOD EVENTS IN KRISHNA BASIN

Flood Forecasting and Warning Network of Central Water
Commission, covers of. the main river Krishna, two of its main tributaries,
namely, the Tungabhadra, and the Bhima. There were eight flood forecasting
sites on these rivers, which were operational during the flood season, 2008.
Out of these sites, five sites (all inflow forecasting sites) are on the main river
Krishna, two on the Tungabhadra (one level & other inflow forecasting site)
and one on the Bhima. At all the sites inflow/ level forecasts were issued.

During 2008 season, no major flood event occurred anywhere in the
basin. The details of moderate and low events are shown in Annex-9.

4.9 FLOOD EVENTS IN WEST FLOWING RIVERS

The important west flowing rivers include the Banas, the Sabarmati,
the Mahi, the Narmada, the Tapi, and the Damanganga rivers. The Flood
forecasting and Warning Network of Central Water Commission covers all the
above rivers. There were fifteen flood forecasting sites on the above rivers,
including six inflow forecasting sites. One site on the Banas at Dantiwada
Dam is an inflow forecasting. One level forecasting and one inflow forecasting
sites exist on each of rivers, the Sabarmati and the Mahi.:There are four sites
(all stage forecasting sites) on the Narmada. Two inflow and one level
forecasting sites are located on the Tapi, and one inflow and two level
forecasting site are on the Damanganga. During 2008, only inflow forecasts
were issued at Hatnur Dam and Ukai Dam on river Tapi and at Madhuban dam
on Damanganga.

During the flood season, 2008, there were no unprecedented as well as
high flood events in any of these sites. The details of moderate and low events
are shown in Annex-9.
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4.10 FLOOD EVENTS IN SOUTHERN RIVER SYSTEM

There was one forecasting site at Nellore on the Pennar river. During
2008, no forecast was necessary, as the river did not cross warning level.
Details are given in Annex-9.
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4.11 .AN OVERVIEW OF FORECAST EVENTS

The unprecedented events were experienced at 5 sites in the year 2008
in the rivers Puthimari, Subamarekha, Mahanadi (Devi- Distributory) and
Ghaghra, and "High" flood events occurred at 13 sites. No forecasts were
issued at 47 sites (42 level forecast sites and 5 inflow forecast sites)
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