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SYNOPSIS

_Real-time flood forecasting is an important non-
structural ﬁetho& which can be utilized for reducing flood
damages. Twc importaﬂt aspects cf a forecast aré its accuracy
and its lead time. An accurate flood forecast well in advancs
can help the water managers in taking emergent actions to
nitigate some of the adverse effects of flooding. The
accuracy of the:forecast depends mainly on the capability of
the modél to represent the system, On the other hand the
forecast lead time depends primarily on the physiography of
the catchment and on the telemetry of the input components
essential for using the model.. Theréfcre, the latter
component, i.e., the forecast lead time, romains fixed for a
catchment with a given hydrometecrologic/hydrometric system
until and unless the system is updated tc improve the infor-
mation on input,.e.gu, the forecasted values of precipitation
and/or :unoff are used in the model.

The neeé fo; accurate and rclaible forccasting has
resulted in the development of varicty of models. TheSe
models vary from very simple models based on simple
correlation diagrams tc the comnlex conceptual models of
Stanford Watzrshed Type. Quite often, the availability of
innumerable models for short-term forecasting creates diffi-

culty for the user in choosing appropriate model.
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This. difficulty of the users was realised 2and the
WMO proceeded with an evaluation and interccmparison of a
specific category of models, viz., concaptual hydrologiéal
mcdels used for short-tem stréamflow forecasting (WM0,1275) ).
Besides conceétual rodels, there are many varieties of ncdels
used for the purpose cf short-term streanflow forecasting.
'But, 5C far, nc attéﬁﬁt has been made to carry cut an inter-
comparison of these various categories of models, So it is
_‘deciaéd to undertake such a study. In order to carry cut
~ this study three mcdels, which belong tc~dif£erent categdries
and are cormonly usecd, are selected. These being, a model
based on unit hydrograph thecry which is developed for the
purpose of real time fofeéésting, an ARMAX.KautOregressive
moviﬁg aVerage with exogeneous inpuf) modelﬁand'a conceptuai
mo&el. | V |

The first one, the UH (:Unit hydrograph) model, as
nane suggests, is based on unit hydrograph theory. Tradi-
t#anally the unit hydrcgraph mgtth required the availability
of-éffective rainfall for its application. But in real
time,if is not feasible‘to fulf%l this requirement. So, a
procédure is deVelcped whereby the tctal rainfall values and
the current discharge informétion is used fo ccmpute the
rainfall excess. The rainfall excess is ccnvolved with the
unit hydrograph to obtain the forecast hydrographs. The

parameters of the model, i.e., the unit hydrograph crdinates,
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‘remain fixed but the updating is dcne through changing the
rainfall excess.

The sccend one, the ARMNAX model is a,stechastié
model. The medels of this categcry pcestulate that the future
values of runoff at a pcint can he-expraessed in £erms of sonme
finite number of current and past values ¢f runcff ané raiha
fall. The data required for this model are the total rain-
fall, observed runoff and observed inflows (if regquired).

The main features of this model are the simplicity in |
structure and the adaptability tc upgrade the parameters.

The third model is a conceptual watershed model
known as NVISRFS (Mational Weather Service River Forecast
System) model. The model has many components but for this
study only two of its compcnents, i.e.; the soil moisture
accounting and runcff routing components have been used. The
prcgramme has been modified to run in real time forecasting
mede.. The scil ‘moisture accounting pcrtign ¢f NWSRFS involves

. seventeen parameters. All these parameters have feal physical
significance and most of them can bec evaluated from the past
historical data whereas the cthers can be evaluated through
calibration. As the model is deterministic the parameters

are not supposeé to change once calibrate@ but in this study,
provisicn is made to account for the variability of rainfall

by changing the time delay histogram.
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The three nodels described above are usad cn an Indian
catcnment, namely, Yamuna catchment for the puréesé cf inter=-
comparison. The raw meteorclogical anéd hydrolegical data as
availabhle are not suitable for use as such in the ncodels.

The raw data have been processeé, analysed and chacked hefore
it is utilized. This itself is an extensive project and is
described adequately in the study. Once the data basc as
required collectiVely'by these three models is ready, srlit
sample procedure is-used'to divide the data into ca}ib;ation
and test data sets. The parameters c¢f the models are
determined using the calibration set. For example, the unit
hydrograph reqﬁired by the unit hydrograph model is_derived,
the order of the ARMAX model is determined, and the NWSRFS
model is calibrated to evaldate the model parameters. The
test set data is used to run the mcdels in realmtimeb
forecasting node.

The ﬁodels belonging to different categories shculd be
compared with respect tc certain cemmon critericn. In this
study twc criteria are used, one hasaed on thge accuracy cf
the forecasts and ancther hased c¢n the user’s requirements
of the moudel. With respect to the second criterion, Chander
and Kumar (1982) have sugoested certain attributes to assess
different types of mcdels used for real time highflow

fcrecasting. The attributes suggestad hy them are:
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1. The model shculd be able to formulate a forecast of
the desired quality with marimun lead time.

2. It should have the ability t¢ update the parameters
ci the hasis of the ohserved errors in the earlier
forecasts.

3. The nodel should preferably he capable cf operaticn
with interrupted data.sequences as fcracasts nay bg
neaded cnly at highflows,

4, The requirement of the rncdel in terms of computer
stuoracge shcould be as ninimum as possible as it is
more likely that the small computer systems are only
available at the fcrecast sites.

5. Developnment and operation c¢f the nodel should be
possible with limited hydrcuetric/hycremetecrologic
data as very limited data bheccmes zvailable in
extreme situaticns.,

The capabiiity cf a forecast model can hest bhe
judged by its ability to formulate an acceptable forecast
with maxiﬁum lead time. The threz nodels have been compared
with respect t¢ the graphical and numerical eriteria. This
cunpariscn reveals that with this criteria all the mcdcls
cn the wheole perform equally well.

A comparison is also made with respect to the
attributes which a general user desire the mcedel to pessess.

Wwith respect to this criteria, the UH model fared the hest
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fcllowed by the ARSGAX model in which the model identification
is a tedicus job. The NWSRFS mcdel has the disadvantage of
being a conplex mc@el Whibh needs lot more exrertise for

its calibration and reqﬁifés'comparatively larger computer
stcrage and run time than the other two models,

It is chcluded‘that the userrshould keep intc conside-
ration the attributas defined above while making the chciéé
of the mudel. It is alsc chbserved that the simple models
pcssess moét of these attributes. @he?efcre an attemot
should be made to identify 2 model fulfilling maginmim cf

theée attribﬁtes.
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| .
6 and 12 hours ahead forecasts at Kalanaur
using WWSRFS model
(Test event 19.&.78)TnH—O.300,0.673,n.027
|
Scatter diagram of 6 hours ahcad forecasts
using UH model

Scatter diagram of 6 hours ahead forecasts
using ARMAX model '

|
Scatter diagram of 6 hours ahead forecasts
using NWSRFS model

Scatter diagram of 12 hours ahead forecasts
using UH model
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Figure

8.5
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(=23

8.6.3

8.6.4

8.7

8.8

8.9

8.10

8.11

8.12

§.13

8.14

(xx1i)

Scatter diagram of 12 hours ahead forecasts
using ARMAX model

Scatter diagram of 12 hours ahead forecasts
using NWSRFS model

Scatter diacram of 3 hours ahead forecasts
using UH, ARMAY and NWSRFS Mocdels
(events 9.7.7%,'2.8.78, 5.8.7¢,10.8.,78)

Scatter diagram‘of 6 hours ahead forecasts
using UH, ARMAX ané NVISRFS Models
(events 9,7.78,?.8.78,5.8.78 and 19,8.78)

Scatter diagram of 9 hours ahead forecasts
using UH, ARMAX, and NWSRFS Models
(events 9.7.78,2.8.78,5.8.78,and 19.0.78)

Scatter diagram of 12 hours ahead forecasts
using UH, ARMAX, and NWSRFS Models
(events 9.7.78,2.8.78, 5.8.72 and 19.8.78)

Scatter diagram of 3 hours ahead forecasts
using UH model (Initial lag = 6 hrs)

Scatter diagram of 3 hours ahead foreeasts
using ARMAX model (initial lag = 6 hrs)

Scatter diagram of & hours ahead forecasts
using UH model(Initial lag = 6 hrs)

Scatter diagram of 6 hours ahead forecasts
using ARMAX model(Initial lag = 6 hrs)

Scatter diagram of 9 hours ahead forecasts
using UH model (Initial lag = 6 hrs)

Scatter diagram of 9 hours ahead forecasts
using ARMAX model(Initial lag = 6 hrs)

Scatter diagram of 12 hours ahead forecasts
using UH_modei(Initial lag = 6 hrs)

i \
Scatter diagram of 12 hours ahead forecasts
using ARMAX model (Initial lag = € hrs)
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Figure

8.15
6.16
8.17
8.18
8.19

8.20
8.21

8.22

(xxiidi)

Scatter diagfam of 3 hours
using UH modol
(Initial lag = 3 hrs)

Scatter diagram of 3 hcurs
using ARMAX model
(initial lag = 3 hrs)

Scatter diagram of 6 hours
using UH model
(Initial lag = 3»hrs)

Scatter diaéram of 6 hours
using ARMAX model
(Initial lag = 3 hrs)

Scatter diagram of 9 hours
using UH model
(Initial lag = 3 hrs)

Scatter diagram of 9 hours
using ARMAX model (initial

ahecad forncasts

ahead forecasts

ahead forecasts

ahead forecasts

ahead forecasts

aheaé forecasts
lag = 3 hrs)

Scatter diagram of 12 hours ahead forecasts

‘using UH model (initial lag =

= 3 hrs)

Scatter diagram of 1? hours ahead forecasts

using ARMAX model
(initial lag = 3 hrs)
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