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glacier snd thua doss not contributs
to floods as far as spillway design

. of Dam is concerned. '

With this areal rainfall velues
obtalined are : .

ONE DAY DURATION

Return Critical Design Storm value
Pariod {including snow-melt) in mm.

100 ' 259,7
500 374.0
1000 398.6
TWO DAY DURATION
100 462 .6
500 589.5
1000 599.9
CONCLUSIONS

This objective method is suitable
when simultaneous rscord of gll
stations in the catchment is not avail-
able. The Critical Storm thus gensra-
ted will lead to Probable Maximum
Storm if suitable Return Period is
adopted, As the probability of
occurrence of heagvy rainfegll at all
the stations heagvier than that at key
station 1e less, the calculated risk
of Critical Design Storm computsd from
the Return Period is higher than the
actugl risk., Still designer can
select the design value depending on
the calculated risk, computed from the
Return Period.
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ABS~T'ﬁéCT

In' this pepsr an sttempt has besn mads to determine the design storm for Beas Catchment upto Pandoh

dem using physicel spproach, It is s scuntainous watershed havimg an area of 35300 Sq. Kms,

A

detsiled study of rainstorms which affected the region was carried out and major rainstorms were fi-
nally sslected for Design Storm evalustion taking into consideration the region of influence of
sterm type and topogrephic controls, Time distribution of 24 hr snd 48 hr reinstors has aleo been
carried out to understand the storm characteristics of the sres and the results discussad in detall.

1, INTREDUCT 1N

Pendoh dam has since been constructed in Wi
machal Pradosh undsr bess-Sutlej link preje-
ct mainly for the diversion of the Bses wat-
ors into Govind Sagar, the lske crested on
the Sutlsj river by the constructions of Bh-
skra Oem, This project was conceived for
hernassing the irrigation and pover potonti-
sl of Bsas and Sutls) rivers, Pandoh dam
hss besn so designod that it cen not -buurb
sny flood wster. In the backgreund of unp-
recedsnted end dissstreus flood thet eccurr-
od in the Maechhus river in Gujrst durimg the
socond week of August, 1979, ceuaing Rachiw
Dam burst, Bhekre Boss Management Board
(88MB) desired to have deteiled study of
Probahls Maximum Flood that could eccur in
Pandoh dem catchment and werk out some em-
ergency plen for ssfety of dam and ts cater
for such flood, This study in a socquel to
an investigstion undertaken st the reguest
of ths Bhakrs Bees Menagement Soard to India
Reteorological Department to look iato the
probles of Prebable Reximum Precipitetion
over Pandoh Catchmant as the Probshle Mexim-
ul flood to be adopted for a particular pro-
Joot or any or its hydraulic structures is
interdependent on the meximum probabls sto-
r® or probehle msxisum precipitation that
Can oocur over the project area in the given
duration,

2, PHYSICAL FEAT

The catchaent srea of river Bses upstreas of
Pandeh dam is spresd in an average langth of
69 Kme ond width 77 Kms, comprising a totael
ares of about S300 Sq, Kas., The Peacus val-
ley of Kuly which s inewn for its scenic
besuty and grandeur of Hisalayan renges lies
in this catchasnt. The cstchasnt is hilly
ond its high pesks remein covered with snow
for nins monthe in s year but the snow cow-
ered arss in the cetchaent is negligibls se
cospered with the total catchammnt area,

sssee

The source of river Beass is said to be "Beas
Kund®, e small spring nser Roteng Pass, The
gradient of the river im upper reaches is very
steep end in this portion it encounters many
falls, As we descend to lower slevations, ri-
var becomes more snd more in stable condition
and the flow is comparatively uniform, straight.
and less turbulent, Mein river is fed by tri-
buteries from both sidee, Sems of the major
tzibutories wiich join upstresm of Pandoh dam
ere

a) Ssrbari Khad neer Kulu
b) Parbati river near Bhunter
¢) Hyrls Nala about 5 Kms below Brunter
d) Tirathan end Sain} Kheds Join toge-
ther and mast river Bees near Largi,
e) Bakhli Khad sbout 1 Km upstresm
of Pendoh dam,

All these tributeries have got parennisl flow
which varies considorebly during different
months of the yeer, In the initiel stege, the
river ie a smgll streem with g humble dische-
rge. On its way, different tributsries Join
one by one frem both eides and enrich the die-
oharge of the river o that ultimately Bess
becomes s violent river by the time it reasches
Pandoh,

SRAINGAUGE NETWORK

Thare are $ raingeuge stations including 3 I,
Met.0. observatory ststions withdn the catche
mont fer which dally reinfall dste are avail-
shle. In other words, one rsingeuge station
soughly repressnts sbout 500 Sq, Kme, of the
catchment sres, It mey, howevsr, be mantienad
that the reainfall dats prior to 1951 ia inaed-
aquate for the studies es there were only 3 .
raingauge stations at Kulu, Neger end Banjoi
in the catohment prior to 1851, The remain
ing reingsuge stations inciuding I.Met.D.
observatory statisns have bsen sstablished in
phased mennsr during the lest 30 years, .




Hourly rainfall dete in respect of 5 self re-
cording reingeuge (SRRG) stations meintained
by the projsct suthorities sre available si-
ree 1969, Fig., 1 shows the locations of the
raingeuges in and sround the cgtchment,
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4,DATA UTILISED

The daily rainfall tables of Punjab and Hi~
mechel Pradesh fer the period 1959 to 1979
huve besh examined snd the daily rainfsll
data of reingeuge siations in and around the
satchment have been utilised in the present
study., The daily rainfall dats of I.Met.D.

. obearvgtory stetions not published in the

i state rainfall tables have also been used,

- Diecherge dats for the catchment as supplied

bytha project asuthorities have slso been

anined for preliminary storm selection,

?:'h:gh:tt t:t:o day rainfel) recorded at
fferont » ns in the ¢

“ gn Table 40 he catchment {s given

5. DESIGN STORM STUDY -

No. 332 (1973) recommend 1) Depth.on;
(0.0), 11) Dopth-ﬁrn-ounm:p(ow)t:um

111) Storm transpoattion techningues for the
dorlutiou of _the Stendard Project Storm

(SPS) for = basin, The oonventional method

of mofeture maxiwisation is aspplied to the

SPS valus to obtain the corresponding Probsble
Mexims Precipitation (PMP) velue for that -
besin, However, the choice of ths above men-
tioned methade for design sterm svalustion
depends meinly on the catchment charscterie-
tice, meteorelogical/climatologicsl festures
of ths region end the quantity ss well as
quslity of the reinfall dats aveilsbles for the
.Wdy;

Normally Oepth-Duration (0-D) snalysis is bast
suited for Design Storm svaluetion in mounte-
inous catohments, However, this msthod nesds v
Judicious application in the present study as’
the rainfall dete in respect of bulk of steti-
ons in the cetohment sre not svailable for a
sufficlently long peried, Attempt has besn
mede in.this paper to avaluate P™ values for
the catchment by edopting a modified procedure
as described in the later paragrephs, Raine.
torms upto 3 days' durstions have been consi-
dered to meet the requirements of the desipn
engineers in the sstimation of the design fl.
ood for the catchment upte Pandoh dam,

TABLE - ¢

Oste & Higheet Dats Remarks
Yr. of ocne-day avsi if
8.No, Station occur- rainfal lsble any
rence  {om)  from
1. Manali 14,8, 88,3 1968
{Obsy) 1570

2. xokﬂ‘! 08,10, 167.5 1954

{Obey) 1955
3. Kothd 12,8,  116,5 1959
(Obsy) 19857
4, Kuly 04,10, 236.2 1869 *
1888
5, Nagar 16.02. 183,4 1884 Data not v
. 1913 publ {shed
6. Psnjain 15,09, 206,2 1955 BiNoe 1965
1963 .
te BIﬂJ&! 11,01, 213.4 1869
" 4885 ,
8, Janjheli 26,06, 129,5 4985 y
1961
9. Chachlot 2 '.Bs. 228.‘6 1654
1954

6o SELECTION & ANALYSTS OF MEAVY RAINSTOWAS

In order to obtain quantitativs estimatss of
design starm for the catchment under study, a
compretensive study of all major rainstorms

eI




hat od past o the :
‘mont was carried out by Depth-Durstion (0-D)

odthod on ths basis of availasble dsily rain-
fell data of raingaugs stations in and aro-

‘und the cstoheunt, Due conaideration was

given to the topographical featurss of the
cetchment while drawing the isohysts, The
study revealed that the rainstors ef 3-8 Oc-
tober, 1953 contributsd the maximum averags
depths of precipitation over the catchment
for twday, 2-day & 3=dey durations for all
the rainstorss vhich wsrs sxperisnced by
the catchment during the period considered
i,0, 1951 to 1979, The average rainfsll
depths caussd by 1935 rainspall over the
catchment for differsnt durstions ars

Duzation Rainfall doothe (ce)
3-day (4.0ct.,1955) 7.9
2-day (4-5 Bct., 1985) 15,8
3-day (3-5 Oct,, 1955) 19.6

Storm of 3.5 October, 1955 whish was cents
teod noar Batals is in fact the heaviest
recordad storm over Punjab’snd Himachal
Pradash and it gave vary heavy precipitati-
on over groae upto 50,000 Sq, Kes, for du-
ration of 3 days. A depression centrad
over east Rgjasthen which ultimatsly broke
ovsr Punjsb hills was rssponeibls for this
intanse rsinfall sctivity ever Punjsb end
Himachal Pradssh,

Since the avajlable data in the cstchamsnt
under study doss not cover e sufficisntly
long period, the D0 values of the highest
recorded rainspsll of 3.5 October, 1938

may not be adopted as Standard Projesct Storm
(3PS) velues for ths catchment for obvious
Teasons,

In order to assess the flood potentislities
of the catchment, the major rainstorms that
ocourred in close proxisity of the catche
ment whers metsorclogical influence and to-
pography were sufficiently alika to thet of
the catchment under study wers w®lked up
and the following severs reiny % wers
finally salected for detsiled ischyetal
analysis

1) Rainstora of 2.4 August, 1953
aentred st Dharamsals.

11) Rainstorm of 30 August~1 Sep,1960
centred st Mandi,

1eday, 2-day & 3-day ischyetal pattsrns of
2-4 August, 1953 reinstorm gre shown in

figs, 2,3 & 4 respectively. It may bs ssen
from the figurss that the stora had good

arssl extent vip-a-vis the size of the cat-
chaent under study and the rainfall was al-
o0 well distributed in the storm, OAD gna-
lysis wss carrisd out taking the rainstorm

"Lte as [
various durations for this rain

sented in fig, S.
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Tha folleving meximum taindepths were obtain.

- o =ed fram these surves corresponding to the

erda of catchment.

Durstion ‘ Rex imsn x".!ogth of
1 = day(3Aug,, 1953) 11,6
2 - day(3-4 Aug., 1953) 17,7
| 7,4-;(2-44 Aug,, 1953) . 20,3

The store pettern was transposed over the cet- .

shwent under study in the most criticel menn-
ST 80 a8 %0 reslies the maximsm averags rein.
depthe froe the stora teking care that change

in orientetion sffected was in confirmity with
the masteorolegicel snd topographicsl coneide-
Fations, After fixing the storm pattern sver
the besin, the sversge raindepths fer varlous
durations vere worked out by plenimetering

the catohment arscs betwsen thet trensposed
isohysts, The DD values obtained for verious
durations are s follows ¢

Duratien Average d}éﬁ of
t=day (3 Aug,., 1953) 1.4
2-day (3-4 Aug,, 1953) 168.7
S-day (2.4 Aug.; 1953) 18,5

The depthe of precipitstion in etorm centrs in
30 Auguet - 1 Septenber, 1960 rainstorm were
mxch higher when compared to rainstora of

2-4 August, 1953 but its arsal sxtent was 1i-
aited and the catchment under study could not
be sovered by the storm isohyots. Sterm of

30 August - 1 Septesber, 1960 wa3, thersfore,
not considered for O.D snalyais,

Using the envelops curvs method for 0.0 enaly.
sis the following depthe of rain gs given {n
Table ~ 2 wers Pinally obtained for the catche
mnt and mgy be considersd as Stendsrd Project
Stora (3PS) values for diffarent durations

for Pandoh catchment,

TABLE . 2

Stendard Projoct Storm {3PS) veluses for
Pendoh Catchment obtained Prom o op~

YE8 :

pachoR s 2

Durations Stmdcrd'qu)_oct‘:Sh?rn (1))
1 - dey 118

2 - day TR

3 - day 19,6 )

7. ESTIMATION OF PROSABLE MAXIMUN PRECIPL.
TATION ( P M.p

According to the Glosssry of Amsrican Meteoro-
logical Sceiety (1959), Probeble Meximim Pre-
olpitation (PW) nes been defined es that gres-
test depth of precipitation fer e glven durast-
ion that s physically pocsible ower o drainege
beain. The main eim of PRP is, therefors, to
ebtain such an estimate of rginfall which will’
guide a design enginesr in designing the epill-
way Cspadity of a dsm which under all oirocum.’
stances precludes the possibility of endsnger.
ing the structure of the proposed dea,

The PR velues for ths cat-hment under study
were derived from conventional methud applying
misture maxinisation te the SP3 valves, On




the basis of av & witface dew poin
date of observaiory stations considered -
reporessntative for thess rsinstorms, the
mexinisation Pecter works out to 50X end 45¢
for rainstorms of 2-4 August, 1953 end 35
Dotober, 1958 respectivaly. The M.A.Fe thus
obtainsd wers spplied to the Standerd Project
Storm (8PS) values end the corresponding PPP

 values for different duraticns ers given in

Tabls 3.

IABLE = 3

Probable Maxima Precipitation (PWP)
valuss for Pandoh Catchment ebtained

Ouration PMP Values (Cms) .
1 - day 1T
2= d., 25.1

.3 = day 28.4

8. AN ALTERNATE TECHNIQUE FOR THE ESTIMATION
OF DESIGH DEFTHS

As slresdy pointed out esrlier, the Depthe

Duration {0-D) method is best suitsd for
design storm svaluation in mougtainous water-
sheds. Stors trensposition technigue is no-
rmally not epplied in such catchments, As
the rainfall dsta for studies in the present
csse were not avellshbla for a sufficiently
long period, thsre is & doubt s to what
constitutee a realistic estirste of design
storm in reletion to Depth-Duration method,
under the circumstances, the major stors of
41953 which oocurred in proximity of the cat-
chment end yielded the meximum depths for
1=day snd 2-day durations was also consider=-
ed for s further sxeaination of design velu-
o8 with the svaeilgble deta, This methodolo-
gy has alsc its limitations, but no other
mathod is known by which design storm values
can bs estimgted with ingufficient data in
msuntainous catchments, An alternate methed
has alse been suggested in this paper to ew.
aluate design storm values, the procedurs of
which is outlined below,

The deteiled exemingtion of 30 August - 1 So-
ptember, 1960 rainstorm centred at Mandi re-
veplad thet there was very concentrsted rai-
nfall sround the sterm centre but its areal
extent was limited, Consgidsring the cloess
proximity of this stora to the project cst-
chment, the gredient of 1953 storm was tre-
nepooed te 1950 storm for svelvation of de-
sign oterm values for ths catohment on the
asssusptien thet the typs of variastion of re-
infall with distances asoocisted with 1983
reinstore could as well hsve oocurred in

1960 storm, Tshle 4 gives the Areal Recuc-

tion Fector (ARF) of 1953 storm correspond-

TABLE « &
AREAL REDUCTION FACTOR (ARF) of 2-4 Aug,
1983 “‘?"’ for veriscus durstions corres-

randing to Pendoh Catchmant areas

Central Average rainfall

Vslus{Cn) depth correspon-
Duration ding to catchoent "eeTe
Area
1-day 19.4 1146 0.
2-day 25.? 177 0,59
S~day 28,8 20.8 0.7

The depths of precipitation recorded st the

storm centre of 30 August - 1 Septesmbor, 1960

storm were as follows §

Contral Rain-

Date Ouration depth velue .
_ (Cm}
39 Auge, 1960 taday 27,1
3% Aug.~1=Sep, 19680 3-day 37.6
30 Augent Sep.iSEL  Ieday 3.3

The dosion etors valuss worked out for various
durstions by applying ARF of 1953 storm (Teble
-4) to ths corresponding central rainfell vs-
luss of 1960 storm sre given in Teble S,'

ITRKBLE - &

Oesign storm vsluas for Pendoh Catch-
Mk en yaripus diurstions
Ouratian Dealean Values (Cm)
1 « day 16,0
2 - dey 25,%
3 = day_ 27.9

Since a cortsin smount of inherent maximisgt-
ion has slready been effected on the storm of
1960 by transposing the gradient of 1983 sto~
ra no furthsr meximisstion dus to moisturs cha-
rge is considered necessary and the design vee
lues given in Table 8§ may be tsken as PP vp.
luss for thae catchment,

It may be saen from Tohles 3 & 5 that the-
design etorm velues pgiven in Tgbles 8 are com.
pareble to the velues (Teble 3) obtained by
spplying conventional soisture maxirisetion
procedure to the Standard Project Storm (SPS)
valuee given in Teble 2,
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The one-cay design value 2ay further be in-
creassd by 1% to convert it to sny 24-hr,
value for design purposes,

9, TIME DISTRIBUTION OF STORM RAINFALL

One of the most inportent factors affecting
gthe peak discharge is the varisbility of pre-
cipitstion in time, For thie purpose a bre-
ak-up of storm reinfsll into small time units
is eesential sccording to the unit period che
ossn for unit hydrograph, Normelly 3-hourly
time dietribution of 24-hr. storm rainfall
and 8-hourly time distribution of 48=hr, st
orm rainfell mecte moet of the requirements
of the deeign sngineecrs,

Five self-recording raingauge (SRRG) stations
maintained by the project authorities sre lo-
cated in this cetchment, The lecations of
- thess reingauges are given in the map of the
catchment ?719.1). The 1ist of stations and
the period of date used for sach station 1g
9iven in Table 6.

TABLE - g
List of Self Recording Rain_ggug. Stations

SeNo, Station Period of Record No, of Yr.

1, Sainj 1969 to 1979 Y
2, Laryi 1969 to 1979 1
3. Benjar 1969 to 1979 "
4 Jenjheli 1969 to 1979 11
5, Pendoh 1960 to 1979 1

The criterion adopted for selection of 24-hr,
and 48-hr. rsinepells for time distribution
analy_s.la wWas as under §

1) 2&tx, rainecell
R sinisum ratnfsll of 5 cm, in 24 hours
with st least 18 reiny clock hours and
bresk betwsen successive epslle not ex-
ceoding 3 conssoutive hours at eny stsge
within the rainspell duration, ’

1) 48-te. peinsasll
A inimum reinfall or 7 em, in 48 hours
with at least 33 rainy clock hours and
breek betwesn successive spells not ex-

ceading 6 consecutive hours at any stage
vithin the Tainspall duration,

For smlsction of thees rainspells, clock hour
dats of 2 to 3 calender days wers scenned in
:cch Cese and any congecytive 24~hr, and

s Taingpells which satisfied the above
critsrig were finall

Time distribution analysis was carried out on
the beeis of 3 consecutive clock hour duretione
reinfall dats in respect of each rainepell of
24<hz, and 48ahr, period. 3 hourly values of
rainfall in eech storm was arrenged in such g
fastdon that the meximum 3=hr, reinfall in a
particular storm wss pleced in the initigl time
period eand eumulativs maximum raindepth values
of 5'9.000.21"". durstions in reapsct of 24
he, rainstorms snd similer values of 6,9,12,,.
45-hr, durstions in fespect of 48.hr, rainato-
IRe were worked cut ueing tie Teinfall valuecs
in the edjacent time periad without disterbing
the ssquence relationship between the success.
ive hour values, Thess cumulstive values were
converted into psrecentages of total storm rafn.
fall, The pexcentages thus cbteined for sach.
24=hc, gtorm at o particulsr etation vere pl-
otted on & graph as dimensionless curves with
cusulative percenteage of total reinfall along
Yoexis against percentage cf storm durgtion
along the X - axis, Similarly time dietribu-
tion curves were drawn ssperately for wach st
ation in respect of 48.hr, storms, These cur-
Ves wers envelopsd for sech SRAG station conei.
dered for the study and finelly o single mean
snvalepe time distribution ourve was derived by
nlotting the *nvelope time distribution curves
of .different stetions om a single greph,’. The
Mean envalooe time distribution of 24-hr, snd
48=hr," storm rainfall computad on the baeis of
hourly rainfall date of SRRG stations 1ieted
in Table 7 are given ‘belaow 3

T A8 LE o 4
Tims distribution valuee (X) of 24=hr,
ad 48<hr, etorm reinfell recommsnded
- 4 e . P

i3

: Buration (Hes) 2 of 26he. X of i,
J&L!—m_dumm

3he, L1

22

6-hr, 53 34
S="hr, 68 44
12=hz, 81 52
15-hr, 99 61
18-hr, 26 69
21“&. 99 75
24-hr, 100 80
30-hr, 89
S6-hr, 96

48-hr, 100

This time distribution ie’ recommended Por

Pandoh dam project for 24-he. end 48uhr,
storm rainfall,’

10, CONCLUSIONS

From this study the following broad coneclusiong
fay be drawn 3

a) From the axamination of 1) _heavy rainapalls
that bcourred over thie Mountainous catch.




mont during period 1951« K

is observed that tha rainatorm of 3-5
October, 1955 has contributsd the high
sst average depths of 7.9, 15,6 & 19.6 ca
for 1,2 & 3day durations over this pro-
ject srem, It -is 1fkely thet higher
dapthe may be obtained if the rzainfall
data for a sufficiently long period were
svailasble,

b) The two methods have been discussad in
this papar which may be sultabls on occ=
asions with insdequate data as it usue-
llyhappens in mountainous catchments.
The Probabls Maximum Precipitation (P"P)
valuos as evaluatad by both thess methods
for Pandoh Catchment srs notsd bolow ¢

PP V
Duration Conventional Propossd Al-
"
1 -« day 171 16,0
2 = day 25,1 25,5
3 - day 28.4 27.9

fFrom thse above figures it appears that
the alternats method of convarting the
higheat recorded point rainfalls in and
around the oatchment to areal rainfalls
on the basis of Dspth-ArTea relations
derived for various durations from ana-
lysis of major rainatorms that occurred
in the close proximity of the catchment
whers the topographical features and
storm charactsristics are sufficisntly
alike to that of the catchment under
study givea fairly good agrsement with
the convsntional technigue, Hence, it
is ientatively concluded, subject to
further applicetion to differant catch-
=ents, that ths sltarnats method propo-
sad in section 8 is quits suitable for
PMP ggtimates.

c) Time distribution values of 24=hr, and
48=~hr, storm rainfall to be adopted for
Pandoh dam project have been worksd out
and are given in Table 7,
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Estimation of Probable Maximum
Precipitation Depth for Ravi Catchment
Upto Thein Dam Site . :

>
H. C. Mehra and B. C. Jain '
* India Meteorological
Department, Lodi Road,
NEW DELHI—110 003, India
ABSTRACT
In this paper en attempt has been made to evaluate Probable Maximum . 7
Precipitetion estimate for the hilly catchment of River Ravi upto Thein
Dam site. Major rsinstorms which affected the region have besn studied
in deteil end the heaviest storm depths for different durationg estimated.
The hesviest rainstorm has been maximised for moisture chaerge for
obtaining maximum probable precipitation values. -

Time distribution studiea of storm rainfall have also been carried

out and the results discussed in dgtail.
INTRODUCTION . There are 11 reingauge stations

' in the catchment for which daeily rain-

fall date sre availgble. Rainfall dete
in the cetchment was inadequate prior

to 1951 as there uwere only two stations
at Bulhousie and Baschli, Theregfter

The river Ravi rises in Kuly hills
in Himachal Pradesh and enters the
pleins near Madhopur. It has a catch-~
ment eres of gbout 6,000 8qQ. km. in

Indig. The river is being guaged at
Thein since 1962, ten miles down atregm
at the Punjab/Himachgl Pradesh border
in connection with the pProposed dam gt
Thein, .

The river flows in Himachal
Pradesh Por about 160 km. efter which
it enters the Punjgb territory whare
it forms a boundary line between Jammu
and Kashmir and Punjgb state. The
catchment mep of river Ravi upto Thein
Oam Site is shown in Fig. 1.
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the number has incregsed to eleven.
There ars tuwo ohservatory ststions one
at Chamba end othar at Dalhousie in the
cetaohment, Self-recording rsingeuge
exists gt Dalhouais.

The raingauge station at Madhopur
which does not fall in the catchment of
River Ravi upto Thein Dam site repre-
sente the rainfall conditions of the
dam site, being near to it and is
equipped uith self-recording raingauge
as well. In the present study the
delly reinfall deta for the period »
1951-'79 have been utilised. The
average annubl rainfgll in the basin on
the basis of gvgilgble rainfall data
vorks out to 150 oms. About SOX of 4
this rainfall occcurs during southuest
monaoon ssason.

DESIGN STORM STUDY

The choice of the method for
design storm evaluation depends mainly v
on the catchment characteristicg, its
iocation and the gmount and quality of
available rainfall data. In the present
case, the catchment under study has a
well marked topography end also raein-
fall deta were not asusilgble for g
sufficiently long period so as to
follow the ugusl statistical technigue
for obtaining design depths. The
choice hes, therefore, bsen restricted
to physicel approach only by duly econ-
sidering the high ridges between the
adjacent catchmsnts. :




Lo xheuativ
sEldy of ‘all the major rainastorm
‘occurred in and near the basin wae
cerried out snd the available daily
reinfsll data were examined. All those
rain spells during which a number of
stationa recorded heavy rainfall on one
or more of the days were picked up from
the rainfall volumes aveilgbls with
1.M.D. and analysed in detail. The
flood records for river Ravi were were
also duly considersd for preliminary
sslection of rainstorms. The following
three major storms were further picked
up for detsiled isohyetal analysis for
estimating design depths for different
durstions,

1 03 to 05 Octobser, 1955
2) 08 to 10 August, 1973
3 15 to 17 Jduly, 1978

The study revealed that the storm
of 3-5 October, 1955 is the heaviest
on record so far and yieslded maximum
rainfall depths for one day, two day
and three day duration.

The isochyetal pattern for the
raeinstorm of 3-5 Dctober, 1955 for one
day, two day, three day durations are
given in figures 2 to 4 and Depth-
Duration curves in figure S.
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HPTH=ARGA BURLTION CURYES FOR WIOUS SVRATIONS
] LTION 3w PROJECT)

RAINFALL 1N Co

Isohyetzl analysis of this
rainstorm waes carrisd out by judicious~
ly consideriny the topography and

behaviour of rainfall., The normal pro-
cedure of drawing isohyetalshgs .not been
folloved in this particular cazss. The
isohyetals have been drawn in such -1
way that they do not cut the high
ridges due to the Pact that ridges
break the continuity of rainfall on
either side. Isohystal depths for
different durations, as worked out by
considering the catchment as unity,
were adopted as standsrd project storm
(SFS) values for the catchment and are
given below:

. : Standard
= Storm Perjiod Duratien Project
" _ Storm Vslue
#7724 Dctober, 1955 1~day 17.0 cm.
" 4~5 October, 1955 2-day 31.4 cm.
3-8 October, 1955 3~day 39.7 om.

ESTIMATION OF -PROBABLE M AX IMUM
PRECIPITATION (PMP)

The Probgble Maximum Precipitation
(PmP) which represents the phyesical
upper limit to storm rainral} can be

- estimated by multiplying the highest

recorded ‘dapth over g basin by a

factor which reprzsents the moat
effective combingtion of dynamic
efficiency inflow winds and maximum
moisture charge. B8ruce (1959) assumed
that the highest rainfgll recorded over
a basin represents the most sffective
combination of gtorm efficiency and
inflow winds and for obtaining AP
values. The moisture adjustment factor
(MAF) is dePined ss the ratio of maximum
total molsture in an stmospheric column
of unit cross saction in the region to
the total moisture in a similar column
prevgiling during the storm period. 1In
order to compute MAF, the maximum preci-
pitasble water and the precipitable water
prevalent duing the storm period were
picked up Prom the modified U.S. weather,
diagrem prepared by Parnanpik and
Harihsren (1951) on the basis of highest
and the prevalent surfece dew point
temperetures. The MAF in this cass
works out to be 1.45 for the highest
storm, The M.A.F. thus obtsined wae
applisd to ths Standard Projesct Storm
values tc compute the PMP values fPor
different durations and are given below:

Probgble Magximum Preci-

Duration pitetion (PMP) Velue
‘1-day 24,7 Cm.
2-day 45,5 Cm.
3-day 57.6 Cm.

A conversion factor of 15% is -
applied to ons-day vslue given gbove
for obtaining any 24-hour value.

Storm trensposition technique has
not been applied to this catchment for
the well-known regson that the rain-
storms of the mountainous regions
having height mors then one Km. cannot
be transposed as the magnituds and the
greal distribution of precipitation are
conditioned by the topogrephy and'no
other satisfactory procedure is agvaeil~
able. 1In order to check that the AMP
values obtgined above aresconsistent
with the requirsments of the design
criterion, these vglues were compsred

‘with the areal depths obtained by using

the highast ever recorded point rain-
fall values of all the raingaugs
stations in and around the catchmant
and the values were Pound to be guite

compgrable,

A statement showing the heavisest
24-hour reinfall recorced st all the
raingauge stations in the Project
Catchment is given in Table 1.
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HIGHEST 24-
RAINFALL AT TH

HOUR (OBSERVATIONAL DAY)
£ STATIONS OF RAVI

" CATCHMENT UPTO THEIN DAY SITE

station Rainf 11 Date Date
. mm available
from
Tissa 230.4 17-02-1964 1851
Bhandal 203.0 09.02,1966 1951%
Ludreva 200.0 12.09.1961 1951
Batheri 284,5 04.10.1955 1951
shenota 223.5 05.10,1955 19529
Chamba 157.5 04,10.1955 1951
Dalhousie 287.0 05.10.1955 1870
Chhatrari 275.80 05,03,1979 1951
gharmour 226.1 04.10.1955 1951@
Basoli 228.6 04,10,1955 1901
Kalatop 279.0 08.09.1966 1951

‘¥ O0ut of orger in Uctober, 1950.
@ Data received from Project
: guthoritiss,

SYNOPTIC SITUATION RESPONSIBLE FOR
THE RAINSTORM OF 3-5 OCTOBER, 1955

The project catchment is situated
in ths Western Himselayas with a large
area lying above about 1,500 meters.
The catchmant generally receivss hsavy
rainfall during post monsoon season,
i.e,, during the late September or
early October although hsavy rainfall
alao occurs during south west monsoon
season (June-September). The synoptic
situation. associsgtsd with the October,
1955 storm is given bslou.

Sowthwest monsoon startsd withdra-
wing Prom Punjab end adjoining North-
west India Prom 15th September, 1955
but started reviving again later in
association with a Bay of Bengal
deprassion which moved touwards the
region., This depression becegms deep
end was centred near 3halawar in east
Rajasthan on 3.10.1955. 0On 4th Octoben
1955 it intsnsified further and remain-
sd stationary causing exceptionally
heavy rain at some places in Punjab and
Himachal Pradssh. The intense rain-
fall activity continued in this region
when this depression becsme weak and
lay over Punjab on Sth Octobsr, 1955,
On the next day it Pilled up end csused
fairly wide spread rainfall in the
region. Torrentisl rain occurred in
the region, of the catchment during
the Pirst week of October, 13955 not
only dus to this deprassion, but also
due to the movement of Westerly Wave
across the Himalayas., The aouthuest
monaoon withdrew from this region
during the middle of Octobsr, 1955,
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The design enyineers gsnersglly
require 3~hourly or 6-hourly time
distribution of storm rainfall of one-
day and two-day rainstorms for dster-
mining storm hydrograph characteriatics.
An attempt has been mads to compute
time distribution of storm rainfsall for
the Ravi catchment on the basis of
availasbls clock hour reinfell data of
four stations, viz., Pathankot and
Mmadhopur Por plain ersa of the catchmaent
and Dalhousie and Dhsramshala for hilly
area of the catchment.

The procsdure adoptsd Por selection
of rainstorms for time distribution
analysis was that break in rainfall
‘should not ordinarily exceed 3 consecu-
tive hours and there ars at least 15 to
18 reiny hours in 24-hour storms and
not more than 6 consacutive hour break
and at least 33 to 36 rainy hours in
case of 48-hour storms. Far selection
of these stormg clock hour data of 2 to
3 observational days were scanned in
sach case and any consecutive 24-hour
and 48-hour spells during which
maximum rainfall was recorded, were
salected. ;

Time distribution snalysis was
carrisd out on the bssis of 3 consecu-
tive clock~-hour durationa rainfall date
in respect of each rainstorms of 24-hour
and 48 hour pariods. In each ralnstorm
eny 3-hour duration in which maximum
rainfall was recordsd, was selected.
This maximum rainfell valus of each
storm was expressed as percentags of
24-hour and 48-hour rainfall value as
the case may be. The same procedure
vas followsd for obtaining correspond-
ing percentage ratios for 6-hour,
g-hour, 12-hour, 1B8~hour and 21-hour
durations maximum rainfall in respect
of 24-hour rainstorms and the same
procedure was followed in respect of
48-hours storms. The percentage thus
estimated for each duration for each
storm wers plotted agasinst durations
and time distribution curves abtained
separately for all the 24-hour and
48-hour storms of the four astations
considered repressntative for the Ravi
catchment.

Since the catchment is moastly
hilly, separats time distributions for
24-hour end.48-hour storms for plain
and hilly arsas havs besn computed
on the basia of available clock hour
rainfall dats of four stations.

73 kit




The percentage time digstribution
for 24-hour and 48-hour storms on the
bssis of gvailgble clock hour data for
plains based on Madhopur and Pathankot
as woll as hilly greas bassd on
Delhousie and Dharamshals are given
in Table 2 gnd Table 3 respectively.

TABLE - 2

ENVELOPING TIME OISTRIBUTION OF
STORM RAINFALL BASED ON PATHANKOT
AND MADHOPUR- SELF RECORDING
RAINGAUGE DATA

( Plain Areas )

Percentage of Percentage

Duration 24-hour storm of 48-hour
(hours) rainfall storm rainfgll
3 84 : 29
6 69 43
9 83 55
12 93 65
15 87 73
is 100 80
21 100 86
24 100 91
27 94
30 96
33 97
36 98
35 g8
42 99
45 . 100
48 100

TABLE - 3

ENVELOPING TIME DISTRIBUTION OF
STORM RAINFALL BASED ON DALHOUSIE
AND DHARAMSHALA SELF RECORDING
RAINGAUGE DATA

(Hilly Area)

Parcentage of Percentage of
Duretion 24-hour storm 48-hour astorm

{ hours) rainfall rainfall
3 81 45
6 70 1]
g 82 63 °*

12 8s 69
15 85 75
18 99 80
21 99 84
24 100 . 87
27 g1
30 94
33 96
36 o8
. 99

89

100

100

CONCLUSIONS
The gverags annual rainfgll of the
Ravi Basin upto Thein Dam Site is of
the order of 150 om. out of which sbout
50% occurs during the southwest monsoon
season, i.e., Prom June to September.

The foregoing study revealsd that
the storm of 3-5 Dctober, 1955 was the
sovsremost Por this hilly catchment so
far and contributed bighest dspths for
various durations.

The moiature mgximisation factor
computed on the besis of surgace dew
point temperaturse data Por the hagviest
storm of 3-5 October, 1955 worked out
to be 1.45,

The time distribution valuss
obtained for plain gs well gs hilly
reglon separately ars of great import-
ence to the design Engineers for the
purpose of evaluastion of design flood by
Unit Graph method depending on the loca-
tions of storm centre
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Distribution of Rainfall in the Himalayan
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“ ‘ ABSTRACT

The distribution of rainfall over the Kosi Himalayas and its submontane area

to the south has been studied for all the '6Fsak' monsoan situations which occurr-

ed during the 21-year period from 1949 to 1969. Only those 'bresk' situstions were
considered whose duration was 3 days or more. In this study it was found that
during a 'break' situation, besides the axis of monsoon trough remaining close to
the foot-hills of Himalasyes, there were other weather systems which affected the
region, Considering these, rainfall distribution was slso studied for different
categories of 'breaks', Besiges the Kosi Himalayss, & preliminary rainfall study
was made in respect of Sikkim Himaleyas and its submontane area, in order toc ses
whether the results obtezined for the Kosi Himalayas also hold good for this sec~

tion of the Himalayas.
' INTRODUCTION

During the scuthwest monscon sea=-
son (June-September) the seasaonal mon-
soon trough exis normally lies over
the Indo-Gangetic plains and passes
through Sriganganagar-Kanpur-Allahab-
ad-Calcutta. On certain occasions,
this trough axis gets shifted north-
wards from its normal position to the
foot~-hills of Himalayas causing a
considereble decrease in the rainfall
activity over most parts of the coun-
try., This particular synoptic situa~-
tion is known as the 'break' monsoon
condition, to the Indian meteorolo-

fairly good network of rainfall sta-
tions has become svailable for the Kosi
Himalayas and neighbourhood. With the
help of this date an attempt has been
made in this paper to study the distri-
bution of rainfall in the Kosi section
of the Himalayas and .the submontane
area to its south, during 'bresk! situ-
ations.,

HIMALAYAN AND SUB-HIMALAYAN
SECTIONS CONSIDERED

{a)Himalayan section: Tpé Kosi Hima-
layas lyingobetween°Lat.ZG-dS'N to 28 N
and Long.86 € to 88 E. was considered

gists, in this study. There are 37 rainfall
) stations located in this section of the
. Althouth rsinfall activity over Himalsyas whose heights vary from about

most parts of the country decrsases
during 'breaks', it has been noticed
that the incidence of rainfall consi-
derably increases over the Himalayan
and sub-Himalayan regions. As‘such,
during these 'break' periods rivers
in North Indian plains, which rise ina
the Himalayas, experience severe flo-
oding.

-+ The metearology of 'break! situ-
ations and the distribution of rain-
fsll during 'breaks' over the country
iavé been studied by several workers

Koteswaram{1950), Parthasarathy.
(1969), R‘a‘ghnvan(}i?-’i), Raman & Rao

1958), Ramaswamy(1962), Ramamurthy
{1980), Pant{1980 but the incidence
of rainfall over the Himalayas visa-
vis thess ks! could not be stud-

150 metres to 3500 metres asl.
{b)Sub-Himalayan sections This arka
lies between Lst.25-30'N to 26-45'N &
Long.86°E to 88°E. In other words, this
section lies exactly south of tha Kosi
Himalayan section and is comprised of
the plain areas of Nepal Terui and
North Bihar. There are 30 rainfall sta-
tions in this aresa.

Thus, the Himalayan and sub-Hima-
layan(or submontane) sections consid=-
ered in this &study lie between Lat.
25~30'N to 28°N and Long.86°€ to BE°E
and contein in all 67 rainfall sta-

tions(see Fig.1)
YBREAKS' CONSIDERED
All the major 'break! situations

Lty of @ good network
one in. this region,
infall data of a

which lasted for 3 days and wore were
considered for this study, for the
21=year period from 1949 to 1969. It
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was found that there were 26 such
‘break’ situations during this period.
The list of these 'breaks? is given in
Table 1. It .can be seen from this ;
table that there were in all 149 'break
days for this study.

CATEGORIES OF 'BREAKS'

1t was noticed from an examina-
tion of deaily westher reports and syn-
optic weather charts that on some
'break' da_rs when the axis of the sea-
sonal monsoon trough was close to the
foot-~hills of Himalayas, there were
ather weather systems which also affe-
cted the ares under consideration.,Acc~
ordirg to these weather systems, the
sample of 149 'breask! days was divided
into the following categoriss i~
(a)'break' days when westerly waves/
western disturbances movad eastwards
across the Himalayas. Out of a total
of 149 fbreakt days theres were 28 such
days,
(b)*Break' days when surface lows app-
sared in the neighbourhood of the
a8reas considered in this study. There
were 22 such days.,
{c)'Break! days when the eastern por-
tion of the monsoon trough axis got
shifted southwards from the foot-hills,

This situation was present on 17 days.

{d)'Bresk' days when the Arabian Sea
_branch of the mensoon current was weak,
This situation was there on 6 days,
viz, 4th to 9th July,1966 as the cir-
- culation pattern during these § days
wag similar to that of the month of
May (Ramamurthy,1972).
(e{'Break' days when there was no
other synaptic situation present excee-
pt the monmsoon trough axis lying close
to the faot-hills of Himalayas. There
were 82 such days,

Taking the above categories of
‘break' days into cunsideration, rain-
fall distribution over the Kosi Hima~
layas as well as che submontane ares
- seuth of it, wes studied,

-PROCEDURE FOLLOWED

co . Using the monthly total rainfall
dataof 10-yasr period from 1956 to
1965, mean daily rainfall for each of
the 67 stations wers worked out for

the principal monsoon months of July
and August, during which 'break! mon-
..800n situations mostly occur. With the -

“help of sverage daily rainfall dats of
individual stations, mean daily rain-
fall of the Himalayan as
submontane ay

well as the
en wo:ksd.out.

tsqmg\mqnﬁéé;*déiﬁgjiéinfﬁ;lv

data of individual stations on 'bregk!’
days, averags deily rainfall for the
two areas were calculated for each of
the 149 'break! days, On the basis of
this data, 8verage daily rainfall for
each category of the 'breaks' was cal-
culated for the two areas and these
averages were expressed as psrcenteges
of the respective mean daily rainfall
of the two areas. Table 2 gives thess
rainfall percentages for different
catsgories of 'break? situations,

RESULTS OBTAINED

It is seen from Table 2 that if
all the 149 'break! days were consi-
dered together, the rainfall on g
'break' day was 190% and 211% of the
mean daily rainfall over the Himalayan
and the submontane areas respectively,

A study of Table 2 alse shows the
following 3=
(8)0n occasions when a westerly wave/
western disturbance happsned to move
eastwards across the Himalayas, the
average rainfall over the Himalayan and
the submontane areas were 232% and
312% of their respective mean daily
rainfsll,
{b)When low pressure aress were pres-
ent over or near the region under study
during 'break! situations, the Himala-
yan area received 171% while the sub-
montane area received 178% of their
respective mean daily rainfall,
(c)0n *break! days when eastern end of
the monsoon trough axis shifted slight-
ly south of the foothills, the Himgla-
yan and the submontane areas experien-
ced rainfall which was 168% ang 174%
Tespectively of their mean daily rain-
fall,
{d)When the Arabisn Sea branch of the
monsoon current was weak during. the
‘breaks! the Himelayan area received
103% and the submontane area received
54% of their respective mean daily
rainfall and- :
(e)When *break? days were free from
other synoptic weather systems men-
tioned earlier, the rainfall over the
Himelayan area wes 186% while over the
submontane area it was 192% of their
respective mean daily rainfasll.

STUDY FOR THE SIKKIM HIMALAYAS

In order to see whsther the resu-
lts obtained for the Kosi Himalayas
were also velid for other neighbouring
sections of the Himalayas, the same
type of study was also carried out for..
the Sikkim Himelayas and its submontsne
area. This ragion of the Himalayas is
to the east of the Kosi Himalayas and




in connection with North Bengal floods
of 1955 & 1956,a good network of rain-
fall stations was installed in this
region. At the time of this study, for
this area rainfall data were available
for only & few ‘breaks'. This study
was therefore carried out for 36 break
days, for which data were readily ava-
jlable. It was seen that in this regi=-
on also an increase in rainfall was
experienced during the 'break'! periods.
The Sikkim Himalayas received 162% of
its mean daily rainfall while the sub-
montane . area to its south experienced
221% of its respective mesn daily rain-
fall. In other words the increases in
rainfall over the two areas in this
section of the Himalayas was compara-
ble to that over the Kosi Himalayse
and its submontane area., A more detai-
led study for this region is being
cerried out.

’

SUMMARY AND CONCLUSIONS

Broad conclusions from this study
are as follows 13-
(a)During 'break! monsoon situations
the rainfall over the Himalayan as
well .as the submontane areas increases
considerably and it is observed that
percentage increase in rainfall is
generally more over the submontane
area,
(b)On a ‘break' day in general and on
a 'break' day when there are no other
synoptic weather systems present, both
the areas receive almost double of
their respective mean daily rainfall,
(c)wWhen other synoptic weather systems
are present on a 'break' day, the dis-
tribution of rainfall gets modified
as mentioned below :-
(i)When a westerly wave/western dis-
turbance happens to be present on 8
*break' day, the Himalayan ares gets
more than double and submontane area
experiences mors than three times
their respective mesan daily rainfall.
In other words, the sub-Himalayan
sres is affected far mors than the
Himalayan srea in this particular
situation.
{ii)when low pressurs areas are pre-
seant in the neighbourhood or when the
axis of the monsoon trough gets shif-
ted southwards on a 'break' day, both
the Himalayan and submontans areas '
are equelly affected. Both these
areas receive shout 175% of their res-
pective mean daily rainfall,
{iii) During a 'break' situation when
the Arabian Sea branch of the monsoon
current is weak, the Himalayan aree
appears to be not affected and recei-
ves almost its mean daily rainfall. In
this particular situation, the submon-

tisnces dei L. rai
"half of its mean dai
rainfall, during this particular gitue
ation,. - : L -
{(d)It has been noticed that during
‘break' periods Sikkim Himalayas and
its submontane ares8 also experience
considersble increase in rainfall which
is quite comparable with the results
obtained foxr the Kosi Himalayas and
jts submontane area.

ACKNOWLEDGEMENT

Authors are thankful to Dr. Bh,V.
Ramanamurthy,Director, Indian Institute
of Tropical Meteorology, Pune~5 for his
ancouragement. Authors are also thank-
ful to 5/Shri G.C. Ghose and R.R. Mali
for their help in comp~ilation and com-
putation of the data and to Miss Rekha

Kamble for typing ths paper.
REFERENCES

Koteswaram,P., {1950), Upper Air
Lows in Low Latitudes in the Indian
Area During Southwest Monsoon Sesson
and 'Breaks' in the Monsoon, "Indian
Journal of Meteorology and Geophysics™,
Vol.%, No.2. Ppe. 162-164.

Pant,P.5.,{1980), Phases of ths
Summer Monsoon and Heating over the
Asis Land Mass, "FGGE, Operations
Report Series, Vol.9,Results of the
Summer MONEX Field Phase Research,
(Part B)"- PP 34-42.

Parthasarathy,K.,(1958), Some
Aspects of the Rainfall in India Du-
ring the Southwest Monsoon Season,
nproceedings of the Symposium on Mon=-
soons of the World"®, Ind.Mst.Dept.
Publication. ppe. 185-194.

Raghavan,K.,(1973), 'Break! Mon-
soon Over India, ™Monthly Weather
Review", Vol.101, No.t. ppes 33-43.

Rama-murthy,K.,(1969), Soms AS-
pects of 1Break! in the Indian South-
west Monsoon During July and August,
nForscasting Manusl®, Ind.Met.Dept.
Publication, FMU, Rep.4. 18.3.

Rama-murthy,K.,(1972), Case Study
of a Heat Wave During July,1966,
nindian Journsl of Mateorology and
gGeophysics®, Vol.23,No.2.pps 165=172.

Raman,C.R.V. & Rao,Y.P., (1980),
Interaction of Waves in Middle Latitu-
de Westerlies Over Asis with the South-
west Monsoon Over India, "FGGE, Opera-
tions Report Series, Vol.9, Results of
Summer MONEX Field Phase Research,
(Part B)". pp. 12-22. :

Ramaswamy, Ce,{1962), 1Breaks' in
the Indian Summer Monsoon as & Pheno=
menon of Interaction Between the East-
erly and Subtropical Westerly Jet
Sstreams, "Tellus”, vol.14,No.3. pPPe
337-349. :

|
i
b
b i e RN i



TABLE 1 'Break' Monsoon Periods Considersd

No. Year 'Bresk' Pericd No. eof days
1 1949 19-23 July 5
2 1949 21-25 August 5
3 1950 15-24 August 10
4 1951 1-3 July 3.
5 1951 11=-17 July 6
6 1951 24-29 August 6
7 1952 9-12 July 4
8 1953 24=26 July 3
9 1954 18-29 July 12 >
10 1954 21-25 August 5 ¥
11 1955 22-29 July 8
12 1956 20-26 August 7
13 1957 27~31 July 5
14 1957 5-7 August 3
15 1958 10-14 August 5
16 1959 16-18 August 3
17 1960 16-21" July 6
18 1962 18-22 August 5
19 1963 10-13 July 4
20 1963 17-21 July 5
21 1964 - 14-18 July 5 -
22 1965 6~8 July 3
23 1965 4-15 August 12
24 1966 2=11 July 10
25 1966 23-27 August 5
26 1967 7-10 July 4
Total number of 'break' days = 149
TABLE 2 Average Rainfall on a 'Breek' Day Expressed as a
’ Percentage of Mean Daily Rainfall

Average rainfall

Category of No. of Area
‘breasks' days considered as % of mean
daily rainfall
General: All 'break' deys considered ) Himalayan area 190
" together during 1949-1969. 149 Submontane 37es FXE)
a: 'Break' days when, westerly waves/ Himalayan area 232
western disturbances were moving along 28
the Himalavas., Submontans area 312
b: 'Break’ days when surface lows were Himalayan area 171
. present over or near the area under study. 22 SUbmontans sros 176
c: 'Braak‘.days when eastern end of the Himalayan area 168
monsoon trough axis shifted south of the 17 =7
foot-hills of Himalayas. ) Submontane area 174
- ds *Break' days when the Arabian Sea Himalayan area 103
branch of monsoon current was weak. 6 Submontans area 54
et 'Break' days with no.other synoptic Himalayan area’ 186 4
situations were present except the trough 82 Submontane ares 192

axis lying near the foot-hills.,

* Rainfall averages over the two arsas were worked out by boeth the Arithmetic
- and i1sohyetal average methods. -1t was, however, noticed that with the present;
T networks tions in these areas both the msthods gave almost identical values
of averag . . . . .

real rainfall,




Level at Dibrugarh
» V. K. Raghavendra

India Meteorological Office,
POONA—411005, india.

ABSTBACT

ver flood level of 346,5 ft. on 16th August 1977, The
catchment between 11th and 17th August 1977 is ana-
lysed, Isonywel analysis for - periods of one day to seven days were made, Depth area
curves for neaviest ome day and heaviest two days are presented, The Horton constants
‘E' and 'n' in the formula giving the Depth Area Curve

P -KA

Dibrugarh recerded the highest e
rainfall over the eastern mountainous

Po
are 0,004972 and 0,599 for one day and .009152 and 0,50683 for two day storm., Comparison
of the two days envelope curve for the 103 storms in Brahmaputra plains with tlhe two day
curve of August 1977 storm, shows that August 1977 storm yield is higher and storms of
greater depth on this region cannot be ruled out,

The higher flood level reached is greatly due to the rainstorm and the part played by
azgredation of river bed needs study and co-ordination in assessing the return period of
high flood level in future, Synoptic situation leading to the rainstorm is discussed,

1. INTRODUCTTON . turns northeast in a hair-pin bend, cuts
the Himalayas, at a few kilometres east of
1.1 The river Brahmaputra is the mightiest Namcha Barwa (7756 m.) then turns south and

southwest and emerges from the foot hills
subcontinent, causing floods every year a8 Siang, and then Dih®ag, The river crosses
jin various regions of its catchment, The the Sadia frontier and enters Assam valley
river has its origin in the great glacier in the west of Sadia town, It receives two
i® the northern most chain of the Hima- other tributaries from the eastern hilly
layas in the Kailash range, at an eleva- tracks; Dihing and Lohit, From the conflu-

of the Himalayan rivers in the Indian

tion of 5150 metres, south of lake Kanggya ence of all the three, it is named Brahma-
‘I'sho in Tibet, After flowing about. 1700km putra, flows in a westerly direction for

in easterly direction in Tibet, at ele- about 720 km before turning south towards
vations about 3600 m,, the river abruptly Bay of Bengal through Bangladesh, Dibrugarh

1—-39




is situated in a short distance of about
100 km from the beginning of the Brahmapu-
tra, all the waters of the main river

and theé two tributaries flow alonyz this
city, The catchuent to the east of Dibru-
garh is a large part of elevations, higher
than a kilometre. In 1950, the entire re-
gion experienced a severe earthquake which
caused many land slides, river bed aggra-
dation etc, the region is in the Seismic
belt experiencing shocks of minor nature
for a long time,

1,2 At Dibrugarh the river recorded high-
est ever recorded flood level of 346.5 ft,
of 16th August 1977 as a result of a two
day rainstorm that occurred on 15/16 Aug.
1977, The present study gives the salient
features of this storm,

2, Synoptic Situation

2.1 Major rainfall in the Brahmaputra ba-
sin takes place in the monsoon season,

The axis of the monsoon trough normally
runs from Rajasthan to Head Bay of Bengal,
It meanders about the mean position in
relation to the development of low pres—
gure over the Head Bay, When the eastern
part of the monsocon trough shifts to the

foot of the Himalayas, the basin gets co-
pious rainfall, The continued duration of
this situation is called the Break monsoon
situation, :

2,2 On 10th August, 1977, the axis of the
seasonal trough on sea level chart lay
from Bikaner to Gwalior thence to Ambikapur
to Northwest Bay. On the 11th the axis
shifted northwards and was runring through
Ferozepur, Meernt, Sultanpur, Purnea and
Khonsa, when & western disturbance (which
orizinate in the mid latitudes over Medi~
terranean) moved away eastwards across
extreme north of the country, (The further
movements of these disturbance are not
8een. in the Indian weather charts, but on
many occasions, they reappear Jjust north of
the eastern region over Tibet and give rise
to copious rainfall in the Tibetan part and
adjoining Arunachal Pradesh of Brahmaputra
catchment), The BmOn8oon axis remained there
till 14th and shifted further north to the
foot hills of Himalayas on 15th, An upper
air trough was seen over West Bengal on
15th and 16th between 0,9 and 2,1 km a,s.l,
Rastern end of the monsoon trough shifted
southwards te Head Bay from 18th onwards,
This synoptic situation is most frecuent
and is most favourable for heavy rainfall
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thi o ares, The Burt o

is shown in figure 1,
3, Rain Storm Analysis

3,1 The river Brahmaputra started rising
at Dibrugarb from 11th Augmst 1977 and
reached a peak flood level of 46,5 ft.
a.m.s.l, on 1Ath August 1977, the highest
ever recorded flood level at Dibrugarh,

BRAHMAPUTRA BASIN
ONE_DAY STORM 18 AUSUST 1977

: od -4 | en, T e ans= . The'l
Siris 8f weather chart on 14th August 1977 < . ‘the'é

gion for this period were"anklyded,
fall in this area was the heaviest on
16th August 1977 (rainfall from 0830 hrs,
IST of 15th Aug. to OR3IN hrs IST of 1hth

. August recorded at 0830 hrs IST of 16th

August 1977), considerably heavy om 15th
and appreciable rainfall was received on
other days from 11th to 17th Aug, 1977 -
Isohytel analysis was carried out for one

BRAHMAPUTRA BASIN
ONE DAY STORM 16 AUGUST 1977

% - 1 95

BRAHMAPUTRA BASIN
TWO DAYS STORM [5~I6 AUGUST 1977

BRAHMAPUTRA BASIN
TMREE DAYS STORW H4—i6AUGUST I9T7
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day storm on 16th Aujust, and I%5th August
and for dveations of two days (15-16 ,
three days (14-16), four days (14-17 , Five
days -, (13-17), six days (12-17) and seven
days (11-17) and given in fizures 2 to 9
respectively, From these, the data for
depth area curve was tabulated for all the
8 charts., The relevant data for the
one—day depth area curve on 16th Augnst
1977 and two days 15th and 16th August,
1977 are given in Table 1, .
3.2 The rainstorm occurred in southeastern
Arunachal Pradesh and adioining north-
eastern Assam with its centre near Roing

BRAHMAPUTRA BASIN
FOUR DAYS STORM 1417 AUGUST 377

BRAHMAPUTRA BASIN
81X DAYS STORM 12-17 AUGUST 977

3° [y o5’ 26’ (1l
T

and axis of maxima along the foothills, The
rainstorm is situated in the region of
eastern cell of annual rainfall maxima of
the Brahmaputra catchment, On 16th, Roing
reported daily rainfall of 74.5 cm heaviest
in four years 1974 to 1977 (for which the
data of this station are available), while
the second highest is 93,3 cms, It is rea-
Sonahle to presume that extreme heavy rain-
fall exverienced on 16th has a return
period of at least ten years, However,
rainfall data of stations around reveal
that a sharp decrease to less than 20 cms,,
8s we move away from Boing. Central maximum
of rainstorm on 16th was more than three

BRAHMAPUTRA BASIN
FIVE DAYS STORM 13-17 AUGUST 1977
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Value of Area en- Mean rain- Area of Amount of Amount of Average Calcplated f
periphe~ closed fall for the Seg- water re— water re- precipi- average preci- %
ral Iso- by the the seg- sent eceived by ceived by tation pitation for ]
hyet Isohyet ment (mms) (sq.kms) the seg- the area for the area on the
{mms } {sq.kms) ment area enclosed area in basis of Horton

b 4 1Q6 cum. by P, col,2 formula

Ischyet (mms)
x 107 cum,
16th Auzust 1977 (one day)
745.0 - - - - - - -
600,0 220 670 220 147 .4 147.4% 670,90 704
400,0 780 500 560 280.0 527 .4 548,0 585
200,0 2750 300 1970 591.0 1018,4 370.3 L51
100,0 11000 150 8250 1237.5 2255.9 205,0 229
050,0 21630 075 .10630 797.3 3053.2 141.1 128
' Horton constant K = ,004472 n = ,599 .
15th & 16th Aurust 1977 (two day)

945.0 - - - - - - -
800,0 120 870 120 104 .4 1044 870,0 852
600,0 480 700 3h0 252.0 356.4 742,5 767
00,0 1840 500 1360 680,0 1036.4 563.3 625
300.0 3910 350 2550 892,5 1928.9 493.3 516
200,0 9730 250 7180 1795.0 3723.9 328.7 381
100,0 22240 150 15060 2259,0 5982.9 269,0 219

Horton constant K = ,009152 n = .50683

times that on 15th, Over an area of

8000 sq.kms, around the storm centre the
average depth of precipitation on 16th
was one and a half time that on 15th, But
there was little difference when 30,000
sq.kms., around the storm centre was taken
into consideration, It appears that heavy
rainfall for two consecutive days must
have been from a rainstorm of severity
not commonly experienced by that area,

3.3 Horton {1924) found that depth area
curve could be represented by -

in which P is the average depth of rain-
£all for given duration over an area A,
P, is the highest amount at the centre of
the storm, 'E' and 'n' are constants for
a given storm,

3.4 The 'K' and ‘n' constants for thisa
storm for maximum one day rainfall $16th
Angust 1977) and two days rainfall (15th
and 16th August 1977) were evaluated by

-4

least square technique and are given in
Table 1,

3.5 The average precipitation for the diff-
rent isohytels were.also coaputed using the
constgnts and given in the last colummn on
Table 1, They appear to compare reasonably
well with the actuals,

3.6 Considering such a heavy storm is not
of an common nature,the 'K’ and 'n' values
evaluated could be used for other storms in
the area for the extrapolation purposes;

4, Comparison with the earlier study

4.1 Pant et al {1970) have examined 103
major rain storms occurring in the plains
of Brahmaputra froa 1901-1960 and presen-—
ted enveloping depth area curves for 2, 3,
4 days and depth .. .. area curves of hea-
viest 2 days storm and 3 days storm, The
D.A.D, curves for 15th August 1977, 16th
August 1977.and 15th-16th August 1677 are
shown in figure 10 by solid lines, Envelopes
of two days storms as obtained from the
study of 103 storms and the heaviest two
day storm as experienced on 6-7 Octobar




(A) DEPTH AREA CURVE FOR RAIN STORM AROUND SOUTH-EASTERN PART OF
ARUNACHAL PRADESH (iY1578/77 (ii) 1678777 (i) 15,16/8/77.

(B} ENVELOPING CURVE FOR 2 DAYS STORMS ON BRAHMAPUTRA PLAIN BASED
ON 103 RAIN STORMS FROM 1903 TO 1960

(C) HEAVIEST 2 DAYS RAINSTORM ON BRAHMAPUTRA PLAINS ON 6,7/10/1906.
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FIG. 10

pitation over different areas upto 30,000
8q.kms, were atleast 25% below the envelope

curve values,

1976 are shown by dash-dot lines and bro-~
ken lines respectively,

It is seen that averare precipitation
over an area of 30,000 8q,kms during
15-16th August 1977 was about 20 percent
higlier than that ex.erienced on 6-7
October 1916 gver Brahmaputra plains, For
assessing heaviest rainstorms experienced
over the hilly terrains during 1901 to
1960, it appears reasonable to increase

5. Conclusion

8) The 15-16 August 1977 rain storm in the
hilly northeastern part of the Brahmaputra
catchment is one of the heaviest,

b) The Horton's constants'K' and 'n' for bme
day storm is '0.004472 & '0,599' and for two
- days storm '0,009152' & '0,50683" over this

central rainfall by 80% and rainfall for
30,000 sq.kms, by 208, keeping in view
the effect of ghe orography and mean
annual rdinfall distribution over the

basin where the rainstorm of 15-16 August

1977 was situated .

The above also leads to the conclusion
that the rainstorm of August 1977 had a
great contribution towards recording of
highest ever recorded flood level on the
16th August 1977, The aggredation of the
river bed has therefore a lesser role at
the recording of highest flood level,
Comparing with the envelope curve for two
days storm in Brahmaputra pPlains and with
modification for transposition to the
region, indicate the occurrence of rajg-
fall with heavier contribution can not
be ruled out; since the depth of preci-

region,

c) The storm yield is higher than the highest
two day storm in the plains recorded during
1901-1960, For getting the maximum two day
storm, therefore the central value mav be in-
creased by 80% and 30,000 sq.km average by 204,

d) Comparing with two day storm envelope of
plains, occurrence of higher storm than this
can not be ruled out, :

e) The rainstorm contributed significantly to-
wards recording of highest flood level at
Dibrugarh with perhavs lesser role for the agg-

redation of river bed,
6. Acknowledgement : Grateful thanks are due to
Mr.D.Sinha for collaboration in this studv,
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On Some Hydrometeorological Aspects of
Precipitation in Himalayas

D. 8. Upadhyay and J. Bahadur
Directorate of Hydrometeorology, Nuclear Research Laboratory,
India Meteorological Departmsnt, Indian Agricultural Research Institute,
. NEW DELHI-110 008, India NEW DELKI-110 012, India
AS3TRACT )
The paper deals with hydrometeorological aspects of precipitation in western
Himalayas. 50 years data have been analysed to bring out (i) altitude effects

(ii) windward and leeward pattern (iii) correlation structure of precipitation

field (iv)
‘catchment,

1. Introduction

The Higelayan mountain system
may be divided into three parallel
longitudinal ranges

i) The outer iimalayas or Siwalik
ranges with height from 10UV0~
1300 m and width from 10 to

50 kms,

The lesser or middle Hiwalayas
with altitude between 2000 to
3300 m and width between GO to
80 km,

The greater Himalayas with
averaze height of 6100 m znd
average width of about 200 km.

ii)

iii)

The width of IHimalayas is maxi-
mum in western region. This part
of azountains comprises of several
barallel ranges viz.Siwalik, Pir
¥anjal, Dhaula Dhar, Zsnskar,ladhak
and sarakoram which run from .4 to
3B and are interspersed with valleys
of nashmir, Lahul, Kulu, Langra and
Doon. Dased on an approximate esti-
mation, the coefficient of varistion
of the elevation field in this area
has been found to be slightly over
50%. )

In this paper an attempt has
been made to bring out salient feat-
ures of orographic precipitation
such as windward leeward effects
and altitude variations. Rainfall
data for a period of over 50 years
(1901-50)have been studied for the
regions of Himachgl Pradesh, Jammu
and Kashmir, Pakigtan and eastern
Isohyetal maps for

annual precipitations have been
prepared to study the spatial varia-
or study of altitudinal

B Y

storm characteristics and (v) specific water yields from mountainous

variations in western Himalayas rainfall
lata of seven subregions having homo-
gzeneous topographic aspects were studied.
The pattern of variations are not alike
in all cases. A regression equation

has also been developed which describes
the variation of snow to rainfall ratio
with altitude.

ithe precipitation in mountain
regions are generally characterised
with larger spatial varisbility than
in flat terrains, 4s g result the
correlation between precipitation fields
in mountains at various distances con-
verges to zero more rapidly,

Variation of precipitation amount
with altitude in different seasons is
markedly affected by the wind fluctua-
tions., Cther controlling factors
being constant, the gradient of preci-
pitations with respect to elevation
may be regarded as a function of chane
ges in wind vectors. It has been
observed that precipitation gradients
decrease or even become yegative when
considerable increase of wind speed
with elevation occurs. This may partly
explain the decreassing trend of preci-
pitation in Himslgyas in very high
altitudes (say about 6 kms).

bility of precipitation
in _western Himalayag

Himalayas and other highlands of
central Asia favour the development
of SW monsoon in three ways (i) they
serve as important higher level heat
source and hence play important role
in decpening and locating low pressure
area and associated monscon t-rough
over north India, (ii) with tla
reversal of thermal gradient between

2.
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jet is formed near %ropopause between

latitudes 10° to 15°N over peninsular -

India. 7This causes-north-ward de-
flection of wester. Ht atream beyond
40°N and (iii) the features over
B -India and Burma act like a box
which deflect monsoon currents north
and eastwards to the plains of north
Indias - : : ‘

NE monsoon of winter is also
affected by Himalayas a8 it prevents
the polar air masses %o invade plaini
of India from north.

Low pressgure systems induced
from extratropical cyclones during
their eastward passage are obstructed
by western Himalayas and most of the
precipitation is released there.
Pheir contribution to winter precipi=-
tation reduces markedly over central
and eastern Himalayas.

The spatial variation of seaso-
nal and annual precipltation in
western mimzlayas and adjoining. areas
are presented in fig. 1 %o 3. The
salient features of the distyribution
are as follows @

i) Wint Dec, =ii

In Indian regidns, a sradual in-
create in winter precipitation is
obgerved from Niwaliks towards north-
.est upto the foot of Pir Panjal range.
Un ihe windward side of this range
the precipitation amount increases
rather rapidly. Gulparg and auzza-
farabad which lie on the extension
of Pir Panjal record more than 50 cm.
of precipitation in terms of water
equivalent. In Kashmir valley whick
lies between Pir Panjal and Greater
Himalayas, a marked decrease in winter
precipitation is recorded. This re-
gion has been covered in a low preci=
pitation field ‘marked by 40 cm.
igohyetal. Further westwards, on the
windward side of Greater Himalayas,
appreciable increase in precipitatiam
amount is recorded waich reaches a
maximum of more than 80 cm. around
longitude 76°8, The regions around
Jonamarg, Gurez and Hdaddan receive
maximun winter snowfalls in whole of
Himalayaﬁ. . ’ i

4 striking feature of winter
precipitation distribution is the
abrupt fall in precipitation amounts
on the leesides of Greater Himalayas
west and northwards in Ladakh reglons
The areas beyond line joining ¢gligit,
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" Sgkardu snd Leh receive less than 3 om.

of normal winter precipitation resulting
into extreme.cold desert conditions, :

The isohyetal pattern of western
Himalayas present an eoxcellent example
of this effect. Physical reason of
thie inZluence mainly lies in oxogra-
phic lifting of moist air. Vertical
velocitr‘comymn-t-}mra’“&.-b’~hill
renges is given byN.yz , where < is
velocity vector of airflow and vz is
the gradient of mountain range. The
vertical velocity caused by a hill range
depends on the wind apeed and the angle
with whica it strikes the slope. It is
maximum when wind is perpendicular t0
the orientation of the range. The Orie-
ntation of pir Panjal and Greater Hima=
layss are Irom ilW to 8B in Jorthvest
India. whenever an induced low persists
over Pakistan and adjoining areaS, the
lower tropospheric winds become south=-
vesterly i.e. alaost perpendicular to
these ranges. ihis flow, besides acce-
lerating the lifting effeéct over wind-
ward side, brings fresh moisgture from
norta east arablan sea and causes fur-
ther increase in precipitation.

ii) Pre-Mongoon(fApxil-dJune )

Jestern disturbances continue to
affect this region out witk lower in-

“ tensities as the season advances. The

iponyetal pattern follows more Or less
the same distrioution characteristics
as that of winter season except that
the region of mixima gets more localised
in the prewonsoon season, It is also
characterised by more thunderstoram actif

vities in vhich the mechanism of orogre-

phic lifting plays a very important
role., It has been observed in western
Himalayas that the solid precipitation
continues at altitudes higher than
3000 m even upto the end of June.

1i1) §W jionsoon{July-Sept,)

During this season, the gouthern
slopes become windward side as the
monsoon currents arrive from south-
easterly direction, The vindward-
leeward effect is clearly orought out
in the precipitation map. he preci- .
pitation maximum in Kangra valley is -
intensified under 220 cm. isohvet

during these three months. The highes$ ’

precipitation normal of 260 cm, is re-
corded at Dharamsala (1211 m; 329, '
16' N, 76° 23°E). 3Beyond the Siwalik

hills in Jammw, the currenis grovw wea-
ker and cause very little precipitatica;
in Kashmir region similarly, the areas
of Himachal Predesh and Ladhak situated

e




porth of Pir panjal range receive very
scanty rainfall of less than 20 ca.
_igappearance of winter precipitation
moxima cells in Gulmarg and Sonamarg
sectors could be taken a5 an excellent
exaanple of leeward effect.

iv) QogtmonsoonSOct.-nov,)

Fhig is a period of cyclonic
storms in Indian seas and the regions
of western Himalayas generally remain
cut off from these presSure systemsS.
Uccagsionally, the induced Iows arri-
ving froa west cause significant pre-
cipitation in western iimalayas. Thus
the precipitation field is very wveak.
Isohyetal map shows the precipitation
d.stribution during this period. riaxi-
ma over hashmir and Kangra valleys
are vwell marked though in very weak
form. _

The seasonal effects of orogra-
phic precipitation is very clearly
re’lected in amnual precipitation
distribution over western Himalayas.
Indian part Of this region can be
distinctly divided into two areas
(i) north HePe s Kashmir and Ladhsk -
where winger precipitation is domina-
nt,{ii)Jammu - kangra = sulu = Doon-
sumaon valleys where the monsgoon
precipitation is higher.

It is also evident that the pre-
cipitation maxima and minima are eli-
gned more or less parallel to the
orientation of mountain ranges. - the
wavy pattern of isohyets over H.F.
and hills of west U.P. sugsest small
scale orographic influences.
3. . itation gnd gltitude

The characteristics of precipi-
tation.are influenced by increasing
gltitude in thrce ways.

i) The quantity of precipitation
increases with altitude upto &
certain level and decreases
thercafter. ohe level of maxis
pum varies greatly from place to
place depending on local topo~-
graphy. It is generally obser—
ved between altitudes of 1.5 to
205 km. a.s.l.

ii) Average variability of precipi-
tation generally increases with
altitudes.

iii) On higher altitudes, the period
" of maximum precipitation is

gqnerally_ earlier than that on

S oogoot pildse o . o 7 .
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Fainfall of stations srouyed with
similar orographic features in AeE.
and vest v.P. given in table 1. These
data exhibit the altitude variations
of precipitution anoumis.

EN

One of the most important charac—
teristics of wountain precipitation is
a very high degree of spaticl varicbi-
lity. Zorn stations,cn,z)comelation
coefficients between preCipitation se-
ries takingmna)palrs of stations can
be coaputed, In Denany cetchuaent in
srchaaputra vasin, the sraph between
correlztion and distances petween sta-
tions follows an exponential relaiion

ho=on2 Exp(-5fds Lnis relation shows
that in aowtain regions, a correlation
converges to zero vary rapidly. In the
present sample study /2 becomes insgini-
ficant after 35 kas, sugzesting that
vae precipitation .atierns become al-
most independent after this range of
distance. This is very iuportant fac—
tor to be considered wnile estimating
aresl precipitation in mountaineous
catchmenis, Obviously the density of
desirable precipitation network would
be nigher than that required for flat
terrein for the same area.

The correlation coefficient i
described above may be considered as
an estiuate of multiple eorrslation
{Rpd ) between precipitation (P
and altitude (h) and base distance

(%) « Base distance may be defined
as the component of actual distance
on a herizontal planse. If "ngn re-
presents the correlation petween alti-
tude gnd distances, hep between dis-
tance and precipitation and i
between altitude and precipitation
then

o Ay By g = =5 U=Fpe ),

where Juype.f, 18 partial correlation be-
tween p and x when the ef.ecis of §
has been eliminated.

Mis relation assumes a linear
variation of p with % and % i.e.
b= A Bx Ch. from (1)%y may be
estimated, For evaluation of the
precipitations, only those statiens
may be taken into account which are
situated approximately on ‘the seme
leval,
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 TABIE 1 Variation of precipitation with eltitude.
otation Latitude - Lonzxitude Hdeight Annual precipitution
i) (&) (o) cms)
— {a) (o) (e) (a) (e)
. Lans Valley
Dehra 31¢ 50! 760 i%i 436 151.8
langre 320 06! 76° 15¢ 733 196, 6
Pzlahpur 320 Q7! 760 32! 1250 263.7
Dharamsala 320 135! 769 191 1387 300.9
: _Daon Velley -
Ambari 300 30° 77° 49° 489 183.7
Dehradun 300 19! 730 02! 679 207.5
zaipur - 300 18¢ 780 05¢ 750 209.7 :
Lajpur 300 24 78% 05¢ 914 300.7 3
sussouree 300 27! 78° 05° 2042 247.0
imoyg idlls
“laora 290 36! 790 40! 1572 105.4
naniknet 29° 38! 79° 26° 1810 133.7
wmukteshwar 29° 28! T9¢ 391 2311 132.5
Nginital
lialdvani 29° 13! 79% 3t 440 199.5
iathzodamn 29° 17! 79° 32! 513 209.2
liainital 296 I3t 79% 27! 1934 253.9
Joshimath '
Karanoparyag  30° 16! 79¢ 15¢ 769 , 142.3
Ukhimath 300 30 79% 151 1220 201.1
Birangkhal 300 15! 69° 15! 1520 122.8
Joshimath 300 35t 79¢ 351 1840 95.4
Kulw and Lghaul Valley )
Kulu 310 57! 77 7! 1215 100.6
srnjar 310 53¢ T7¢ 20! 1524 110.6
Kathoi 31° 18¢ T7% 32t 1608 101.2
wasaull 300 53! 76° 581 1844 163.7
Kotgarh 319 18! 77 29* 1949 1153
3imla 310 06! 77° 10! 2202 159,0
Keylong 320 35¢ T7° 4¢ 3166 61.4
PA-LE 2 Approximste incresse in precipitation with gltitude
S.No, Iocation Kl evation Range Increase in precipitation
‘ (m) (ma/100m)
1 2 3 ‘ 4
1 Central asia(UsoR) 2000-4000 37.5 = 102.5
3, Central Burope(Poland) a) 850=-1400 44 = 272 2
b) 500-2000 43 = 142
4, Bastern Burope(Yogoslavia) 700-2100 11 - 117
5. Rockies(Canada) 1600-2500 9.4 = 63,6
6. Rockies(USA) 2100-2800 9.1 - 88,5 1




1 » 2 3 4
T+ Scandinavia a) 0 - 600 126
8. India b;300- 2000 18
&) Western Himalayas
. £/400~ 3200 3200
b) Central Himalayas D )T700- 2000 30~-300
Bastern Himalayas ¢}2000-2400 - 80 .
d) Jdestern Ghats 400-2000 60-~100
TAOLE 3 x. Mean precipitable water (V¥ 1, a}
. i “ where q, is specific humidi :
Basin Glaci-  gnvyield \m) slacier (500~-surface pressure) in
ated vasin 23 and g, the acceleration
area(®) due to gravity.
Indus 12 0.41 1.92 iiean lapse rate of vertical
Jhelum 1 0.84 34.08# o) temperature distribution wp
Chenab 13 1.04 4,32 to 5U0 mbs.
Lavi 1 0.98 50.;6*
deas 5 1.03 11,68+ %,. Hlevation.
Sutley 11 0.35 1.63 4 &
Jamuna, 3 0.87 16,96+ % . Porest indices, Which may be
: S*  considered as follows
Average 0.53 2.47 %

*Probably increased figures are due to
rain contribution. and demands furtkm
investigations.

Se Botimation of areal preéi-
pitation ’

For the estimation of areal pre-
cipitation in mountain regions if we
attempt at working out a theoretical
model, there can ve two approaches po-
g8ible. (i) oased on metecrological pa=-
rameters such as vertical interaction
of wind vector ¥V with the gradient of
hill ranges(wv.2), stability conditions
and precipitabls water. ihe time deri-
vatives of these guantities are also
very important to be considered (ii)
working out a regression equation and
expressing precipitation IJield entirely
as function of topographic factors .
such as elevation, slope, forest indi=-
ces etc. and agspects (in terms of azi=-
muth) of the barrier.

But if a method combining toth
the approaches can be developed, the
estimate, probably may be more relisble.
Lel us consider the factors as descri-
bed below

X < ve where < is the surface wind

recorded at the time of
Precipitation and g3 is the
gradient of the elevation
field.

a

Forest conditions 5

Jense forest 1
Forest 2
Open forest 3
Open area with forest 4
Opsn-terrain 5

X Aspectd, which mgy be expressed
as w, = cos (180 + 4),

A being the azimuth of the
slope aspects.

Thus the precipitation quanti-
ty P( in terms of water equivalent may
be expressed as

P. & (ml 52'2."" 9(“,;

For determining the nature of
relationship with each of the indepen-
dent (assumed) variables the following
two points are desirablse, ¢

(1) to compute partial correlation
coefficints of P with each of «w
and test their significance.

(ii) to plot scatter diagram in P and
w¢plane and determine the nature’
of relationship

b=Gexy .

In general, mountain precipitation
is greatly influenced by physiographic
features e.g. elevation, landslope,
aspect, distance to barrier, barrier
height, shield effect etce The physio-
rgraphic features play an important rdle




‘stora
of precipitation. .

m occurrence and also the amownt
Evaluation of physi-
ographic effects on individual storms
is complicated by insufficient data
on wind vectors, stability and other
storm characteristics and by greatl
variability in storm characteristics.
phe areal pattern of individual storms
in mountanecus regions may bs effecti-
vely expressed in terms of the ratio
of storm precipitation to the mean,
seasonal oy annual, provided that the
storms are of the type predominant in
determining the mean patiern.

the distribution of orographic
precipitation depends mainly on two .
process & the distribution of the three
dimensional motion field, caused by
the mountainsg, and the effectiveness
of the precipitation releasing machani-
ams., A quantitative prediction of
precipitation of mowntaneous areas
would devend upon our gbility to simu-
late both proceesee numerically. Gene-
rally speaxing, it the motion field
wheih is the most critical factor of
the two, and orographic precipitation
is therefore primarily a problem in
atmospheric dynamics, The effect of
mountains upon air Zurrents represenis
a fascinating area in dynamic meteo-
rolozy with a number of unsolyed pro-
vlems, It has therefore veen fully
rzalised thaet these difrficulties con-
stitute the main obstacle to progreses
in numerical weather prediction. -

fhe precipitation in mountain
areas reflect great spatial and tem-
poral variability. Although earlier
investizatoras referred t0 a decrease
in accumulation at certain elevation
but none of the works reviewed by
wvieiman (3) indicated such an effect.
In general, there is an increase in
precipitation with rise in elevation
but the interaction petween land sur-
face and atmospheric fzciors is com-

_plex.

6. Specific yields from gome of
the mountain cgtchmentg of
wegtorn Himglayas

egtern

For arriving the glacier yields,
it has been assumed that 80% of flow
is contributed by glacier melt during
the months of June to Sept as has bean
obgerved for glaciers in scandinavia
and elsewhere. The average figure of
0.53 m for the specific eld for the
mountain basins (table 3} is smaller
as compared %0 0.78 m i.e. the yield

strolling atmospheric circulaton, =

s FiG 4 4

from mountain basin of X031 (Bastern
iimalayas) which also gives an yield of
4.6 m from the giLacier area. If we
account for some water lLosues by evapo/
ration/sublimation and infiltration, we
could add about 2 m on this account to.
get an average value of 4500 mm precipi-
tation in western Himalayas. This fur-
ther exceed by about 2000 mm from that
of Bastern Himalayas. .

It may be stated here the scientie
fic studies undertaken during the 1963
American .t. Bverest Hxpedition showed
that a high net positive accumulation
‘4in Khumbu glacier reglon at 6160 m.
snviromental tritium profile of the snow
pack showed that there is average net

TR b
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accumulation of 1.7 m per Year. ihe
‘accunulation and ablation are irregul-
ar and shows that there is deposition
in the gccumulation Zone corresponding
to precipitations in winter and summee
Seasons (4), =zecently, the Tivetan
wcientific dxpenaition has reported
that the Precipitation of 6000-7000 m
altitude on i1t Svereat is more than
Iwice that enjoyed by areas at around
5000 4n increase in precipitation
with altitude is Observed by the Japa=
nese Glaciologicgl Lxpedition to Nepal
1974 (5). It has also been confirmed
at the momgoon Geason is both goou-
- mulation and ablation Period for Himaw

layan

t

b

.0

cipitation is loc

&

of precipitation

glaciere and this ig the presson
hat the snow pack at around 6000 m
ecomes wet and grannular,

physical rule, it is
level of mgximum preo-
atea fairly close to
un line and annual sums
are great even undcer

AS a general
bserved that the

lacier equilivri

the coni‘itions of extreme continental

climate (6),

8
a

Scandinavia,
Pyrenees and 5 to 6
locations,

I-¢4

Globally, it has been ob-
the permanent snow line lie
at the poles, 1.2 km for
2,5 to 3 km for Alps and
km for equatorial
4 gradual increase in pre-

erved that
t sea level




Alpe upto 2.6 km, and thereafter itis
agsumed ag constant. In Bast Pauilrs,
+he precipitation increasc uwpto an
elevation of 5.5 km., In a recont pa-
per, on snow and glacier contrivuvions
in a wesvern Himalayun catcaament

it has veen shown that the avera.e
annugl yield (discharge per unit arean
of the catciment) increases with the
percentage of placlated area. It is
interesting to note that the ieteoro~
logzists and Hydrologists in India have
believed for a long time that the ng-
ximum precipitetion in Himalayas is
obtained near about m but the recent
studies conducted oy Dhar et. al (7)
ghow that there exist no linear rela=
tionship between elevation and mean
precipitation and the two could oe
best related by a polynomial of the
4th degree. 4 maximum of rainfall
dccurs near the foothills of the Hima~
layas as one proceeds northwards, Dain
fall decrease until an elevation of
0.6 to 0.8 km is reached, It has been
observed that this low rainfall regim
is located just on the lee side of the
Siwalik mountain ranges. Rainfall
again increases northwards wntil an
elevation of 2.0 to 2.4 km is reached
(Middle Himalayas). Tunereafter preci-
pitation decreases on the lee side of
these ranges and probgoly a third ma=-
ximum occures on the windward side of
Great Himalayan Range (average height
6100 m.). T™e greater precipitation
in this-range is self evidently supp-
orted by the physical presence of a
multitude of glaciers in this rangee
Hence, it is presumed that the areas
of maximum precipitation in Himalayas
lie in the Great Himalayan Range.
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ABSIRACT

Jor Jie wes.ern 1e;ion ol the province Uttar Pradesh in Iniia, a comparative study
of incensisy curation analysis was ca:ried out for Sae historic six severe rain-
Stoxuis xesis:ecrel between the year 1830 and 1974, For the pu:pose, the a.ea was

split in to tihree re;ions, Kejion-I consis

¢.aakrova, ke ;ion-II coaprised of nazina,

ted off Roorkee~Hardwar Dehradun and
Lhampur Lansdown ané Pauri where as Rezion-

III included llo.adabad, Hainisal, Alzora and Haniliiet, The envelonins curves for

1 day,

has indica.ed that that maximum intensiiies for Shese du.a.ions

2 day a1é 5-day duia.ions we.e drawn and presenved in Figure~1, The analysis

were recoxded in she

1005-1il1l region of the Himalayan belt in fne Western Uttar Pradesh, However, quite
il @ intensiiy- uiasion values we.e observed at the southern periphery or the moun-
tainous ran jes wiere annual rainfall values were also .ound out to be very nizh.

LU 2ROLUCTION

Oro »apiy is one of ihe major factors
inxluencing ohe -~ainfall disciibution in
in any 1ezion. e present paper des-
c.ives the intensity-duration aspect

of nrecipi.aiion considerins the cases
of Bevere iaingio-ms, the iegion of
w2s.cln Utba. P.adesh nas veen selected
as g.uly a~ea ior its wide tovosraphi-
cal diversi.ies,. :

3evere rainsioims in wessern Uttar
Pradesh are zaost likely during the mon-
So0n oIr »0SJ loitsoon season, lience the
aajor neieorolosical sysiem responsi-
ble for the spaiial and time dissri-
“busion of precipitation is the south-
wes. (sumieT) uonsoon circulation (5).
sene.al .y eiiier of the two types of
zmeseorologicsl sivuasions (a)monsoon
depression/trousn or tropical cyclone
and (b) ‘iionsoon break' ox westerly
cu.Trent, are reSponsible for the heavy
and videspread :ainfall in the region
Pai:ticulally _or the rezion under con-
sideration, tie iormer situation plays
the major role Zor the occurance of
sevcre rainstoms (1,5),

The uonsoon advances almost from east
to wes: in the -egion under study,
iience the influence of the monscon is
more in the esiern sector leading to
the hisher values of nomal annual as
wel.l as seasonal 1ainfall amount than
ia the wessera sector of the region,
In case of the noxrth southkvariation!
tae .ainfall no:mals are higher in the
mountainous belt which acts as a dire-
¢ Darxzier to moisture laiden monsoon
winds, There is fall in the values of
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rainrall ngrmals in norshward as w as
southward 8irections o§ this belt ?%}.
DATA U3SD

Por obtaining the cases of maximum rain-
fall in diffeient s ations of the rezion,
Bome major rainstorms were selec:ed,
Selection of the storms we-e made with a
general review of the whole data of past
84 yea:s (1891 to 1974) available in <he
India Heteorological Jepariment and also
on the basic of severe flo ds in the
Tegion which are meniioned in some publi-~
shed literatures (2,3,4), The daily rain-
fall daia available for all the selected
represenva.ive rainsause siations were
extracted directly from the published
rainfall tables of India. Hostly, the
storm period was limited for three days,
the daily reinfalls {or three days were
collected in most of ithe cgses,

The self recording rain gauses in the
region uncer study have been es:ablished
only recently, no self recording daa
were available for the histo.ical storms
selected for the analysis, Hence, only
the 24 hour rainiall intensiiies have
been used to carry out the intensity
duration analysis,

MOUNTAINQOUS AND PLAIN A.EAS

The region oi western Uttar P:adesh has

& gradual change in topozrachy from
southern part to northern part, the sout-
hern part being plain and the northern
part ﬁilly and mountainous, The elevation
above mean sea level varies from 152 m




to 7316 m (ifanda Devi), envelopin; cuusve doawn by plot:ing the

maXimum intensity values of 1 day, 2 day
Jexai, Siwaliks (Sub Himalayan tract), and 3 day du-astions for each stations,
Hinachal (Lower Himalyas) and Himadri The curves thus obtained are displayed
(3reater llinalyas) are the major physio- in Firure-1,
“raphic groups of the rezion, out” of ) .
waich whe verai belt is almost a reatur- VISCUSSICHS
eless plain lacking topozraphical pro- )
mpinees, fhe siwaliks is a long chain of Anong all the so.ms, the rainfall inten-
nar:ow and low iills where aa the iiman. sity value for 1 'ay as well as 2 day
chal ran:e is a massive mountainous duration is found to be the heighest in
syacts case of the September 180 sto:m at all
i e S the selected scations. Similar out of i

INT&iSI IT-DURASION ANALYSIS the entire rainiall rec7rds ofl{ﬁe re-~ion
] . . . the intensity ol 823 mm/day is distinctly
e };;cal gﬁ"?imgrtéaujﬁigltiguen:iﬁy the hizhes: in-ensity for one day and 521
juratione duzing vhe ceiected Severs mm/day for two days which were recorded

raingtomms, worked cui for different

represenvative siations of mountaincus at Nazina in Dijnor district on 18th and

19th Sep:ember 1330 respectively. These

and plain areas in the rezion of western . 1ed b
Uttar Pradesh, are presented in [lable-1. ;ma};:; ?;; ﬁg},lgg;dmﬁ :g.? ;’g}g:; g§r772
This table nas been worked out to zive two daye recorded at Dhampur in the same
,:??hm?;mg:{lﬁggilvilhfl;;nggy 1”?‘395 district (Bijnor), . Phe Bijnor district
2 day and 3 day duracions. ! is loca:ed near the foothills of the
PABLE - 1 INDXSISY-DURACION VALLBES FOR DIFFEREND RAINSTORIS u
FAKINUG In0onolil (mz/day) §
3 1 _day value 2 day value 3 day value
Stomms A) Westein Sector _ ;
Chak~ D' Har- Roor Chak- ' Yard Hoor- Chak I,!' llar Roor- :
rgte Dun dwar kee rata Dlun war kee 1ata Jun _dwar kee :
tomm of Sept. 1880 495 272 400 238 i i
‘Y ! 1924 182 158 305 204 143 153 279 197 130 151 237 164 -
1 ' 1937 129 117 116 173 68 67 T3 971 49 45 49 65 3
' Aﬂ%. 1951 72 .27 267 73 42 206 191 56 32 1gg 13 38 &
' Oct, 1956 192 143 173 231 123 78 83 123 105 > 8 102 4
' Sept. 1333 139 75 91 165 17 45 67 112 55 35 56 75 3

(B) Central Sector

Pauri Lans Ifazi Dham Pauri Lans :jaji Dham Pauri cI{ams ‘fa~{ Dhanm

downe na _pur downe na pur ovne _na _ pur
Sto.o of Sept. 1830 823 T712 521 497
' 1" 4924 99 323 226 223 98 297 189 202 88 258 16/ 100
" ' 4937 88 220 100 87 51 123 50 46 35 90 38 34
' Aur., 1351 51 47 312 43 38 t2 188 31 28 39 125 28
re oct. 1956 173 175 122 148 108 143 104 146 85 129 179 98
1 Sept. 1963 125 114 128 120 9% 88 100 99 88 65 68 67

(C) Sastern Sector
Timora Tant Tainl Toca Al- Y¥ani Taini Tora Al- ranl Jaini fHora
khet ta) dabad mora khet ta) dapad mora khet tal dabad

Stoim of Sept. 1880 165 305 315 158 156 199 272 127
' ) 1924 221 172 175 229 175 152 175 161 129 102 151 108

' " 1937 81 8 259 50 55 59 158 37T 39 41 24 27

e Aug, 1951 24 64 67 23 20 38 43 16 17 34 48 16

' Oct, 1956 175 140 280 7% 65 98 219 55 60 80 185 43

' Sept, 1963 89 85 253 106 77 75 206 104 65 53 156 70
L‘he maximum intensity-duration cuxrves Céntral sector of western Uttar Pradesh,
are also obtained for all the stations

selected. or gtudy with the help of Table 1 shows that the severity of raine
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' sy during September 1880
g%%%mi¥§egg§f§ned m nlypin,vhe central

secior ol region,

In compa.ison to sther sto.ms under
ssudy, ohe sto.m or Septembexr 1924

Jollows the September 1880 stomm in
te-m8 oi che severity of in’ensity.

phe maximum (enveloping intensivy dura-
tion cu.ves of diiferen: station in
di,ferent sectors show that Hardwa .,
Nazina and Nainital in wesiern,cent cal
and easce.n secto. respectively have
the upper most position in the Figzure-1,
He_e the raingauze suations at Hardwar
and Nagina a-.e close to she foot hills,
-avions such as Dehradun, Iansdéowne
and Ranikhet, lying windwa.ds in weste n
central and eas:e.n seéctor of the
rezion respectively are in the gecond
highes: position in the Figuvre-1, out
of the stations of mountainous region
‘guhaied heire, the enveloping maximum
intensity~-uuravion curve of Lansdowne
situated in the central sector gives
the highest value, which is followed by
the curve of Nainital, Except in the
case of September 1830 storm, which was
coniined mainly in the disirict of
Bijnor, Neinital has recorded compar@-
vively higher incensities in most of
the cases., It may mainly “ue to the
windwa:d location of the place and
iavourable local condi:sions such as the
exisience of lakes and high mountains.

CONCLUSION

The studies made he.e have revealed
that the maximum intensi.ies for
differen: du.ations (1,2 and 3 day) has_
been recorded in the plain a-eas near

the_foothills, Co asively hisher .aine-
fall fgtengigy v Ra8%a e also 3BeE ved
in the seuthe:m periphery of the mountain
ous ange wheie the annual as well as

seasonal raintalls & e also hizh,
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ABSTRACT

In this study analysis of 70 to 80 years' rainfall data of about 60 long-peri-
od stations in and around the Ganga basin upto Hardwar has bsen carried out. Mean
ennual rainfall of this basin has been estimated and found to be ebout 150 cm. It
has alsc beesn seen that 72% of this rainfall is received during the monsoon months
of June to September. The highest observed one-dsy point rainfall within the basin
has been found to be of the order of 49 cm. Generalized charts of maximum one-day
point rainfall of 10,25,50 and 100-year return periods have also been prepared on
the basis of past rainfall records. Estimation of probable maximum point rainfall
(PMP) of the basin shows that one-day PMP lestimates range from S0 to 70 cme Analy-
sis of heavy rainspells over ths basin has shown that 28-30th September, 1924 rein-
storm was the severemost rainstorm of the basin which contributed the highest aver-

age raindepths for durations of 1 to 3 days.

INTRODUCTION

The Ganga is one of the major ri-
vers of our country, whose length is
about 1600 wmiles from its source in the
Himslayas to the paint where it falls
into the Bay of Bengal. The Ganga has
numerous tributaries which drain the
north Indian area bounded by Long.

73 35'€ to B9°E and Lat.22°26'N to

31° 26'N, Its mein tributaries from the
Himalayas in the north are the Yamuna,
the Ghagrs, the Gandak and the Kosi.
The important tributaries from the Cen-
tral Indian Plateau in the south are
the Betwa, the Ken and the Sone which
drain ths Vindhyas, the Amarkantak and
the Chots Nagpur plateaus. lts main
tributaries from the wastern part of
the country are the Banas and the
Chambal which drain the Arsvalli Hills.
Befors falling into thes Bay of Bengal,
the Ganga is joined by the Mayurakshi,
the Ajay and the Damodar in West Bengal.

In this note an attempt has been
made to study the heavy rsinfall over
the partion of its catchment in the
Himalsyas, that is,its Himalayan catch=~
ment upto Hardwar whers it dsbouchss
into the north Indian plains. Ite catc-
hment area upto Hardwar is of the order
of about 8950 sq.miles (i.e.23180 sq.
km.). Using the long-period rainfall
data(i.s. from 1891 to 1970) of all the
available rainfall stations within the
basin and its surroundin neighbourk
hood, the following studies have been
carried out -

(i)Preparation of a map of the basin

-

showing the highest obssrved one-~day
point rainfall that has actually
occurred at stations in the basin
during the last 80 years,
{ii)Estimation and preparation of
generalized charts of maximum point
rainfall of different probabilitiess
or return periods (i.s. 10,25,50.and
100 years),

(iii¥£stimation of probable maximum
point rainfall(PMP)using the latest
statistical technique and preparation
of & generalized PMP chart, and
(iv)Analysis of the severemost rain-
storms which contributed maximum Tai-
ndepths over the basin.

In addition to the abave studies,
mean monscon and annusl rainfell of the
basin has also been worked out t give
an idea of the magnitudes of rain all
that the basin receives in the monsoon
s;a:on &s well as during the year as a
wholiea.

The above studies were carried out
80 that the results obteined here may be
useful for ths planning of various watar
reasources projects in the Himelayan rsa-

- ches of this basin for gensration of

hyd?opouar, flood control and irrigati-
on in the plain reaches of ths basin,

DATA USED

There are in all sbout 23 rainfall
stations in the Ganga besin uptoc Hardwar
This nstwork of rainfall stations is not
adequate enough to assess the distribu-
tion of reinfall over this Himalayan




catchment. As such, due to this lacunas,
the studies carried out in this paper
may be considered as tentative till
more data are availabls from s denser
network of ststions.

Rainfall data of the stations
within the basin and its neighbourhood,
numbering about 60, were extracted from
the published rainfall records of ths
India Meteorological Department. This
data -formed the basic input for the

present study.
RAINFALL FgATURES OF THE BASIN

Broadly speaking, ths southwest
(or the summer) monsoon rainfall is the
main contributing factor to the runoff
of the most of the Indian rivers. The
Gangs basin{upto Hardwar) gets 72% of
its mean annual rainfall during the
monscon months of June to September.,
Howsver, during the winter season from
Decembar to March the besin also rece-
ives about 15% of its mean annuel rai-
nfall in association with the passage
of weather disturbances known as "Wes-
tern Disturbances®™.During this season
{i.e. Dec.. to March) in the higher
reaches of the basin, precipitation
occurs in the form of snow which on
melting in the sumner months of April
and Mey contributes substantially to
the river flow in the premonscon
months. Normally monsocon sets in over
this region by about the last week of
June. Annual rainfall of the basin up-
to Hardwar has bsen worked out by the
isohyetal method and found to be about
150 em. Rainfall distribution during
the monsoon season ss well as year as
a whole over this basin are shown in
Figs. 1 and 2.

HIGHEST OBSERVED ONE+DAY
POINT RAINFALL

Information about the highest
observed ons-day point rainfall is
required by the designers and hydrolo-
gists for planning hydraulic structur-
es of medium and minor nature. Keesping
this in view, highest observed one-day
rainfall for each of the stations in &
near the basin were picked out from a
carsful scrutiny of past rainfall rec-
ords. Fig.3 shows the'distribution of
the highest one~day rainfall over the
basine It is sesn from Fig.3 that the
highest recorded one-day point rainfall,
has besn of ths order of 49 cm. This
pagnitude of reinfall was recorded by
two stations, viz.,Dehradun(48.7 cm) &
Hardwar(49.5 cm) on 25th July,1966 and
18th September,1880 respsctively. Ffrom
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an sxamination of Fig.3, it can be sasn
that the highest observed one-day rain-
fall for stations in this basin varies
frem 10 to 49 cm.

ESTIMATION OF MAXIMUM RAINFALL
OF DIFFERENT RETURN PERIODS
{
Design engineers normally require
maximum one-day point rainfall of diff=-
erent return periods or probabilities
for the sconomic planning and design of

‘small and medium hydraulic structures

such as bridges, culverts, storm drain-
age works etc.

.Annual maximum one-day rsinfall da-
ta of sach of ths stations weg picksdout
for sach yesar of the 80-ysar period from
1891. This dJdata was then subjected to
Gumbel's(1954) extrsme value analysis
as modifisd by Chow (1964).

According to Chow(1964) the value
of maximum rainfall Xe corresponding to
the return period T years is obtained
with the help of the following two equ-

ations -

Xy
Ky = = E 100 + 1,795 lag,y log,o(L 1@
T . 10- 12910\

Where A and B ars constants which can
be obtasined by the method of least
squares. :

= A+BKy em——e={1)

By applying the procedure mentio-
ned sbove to the annual maximum rainfa-
11 data seriss of each of the stations
considered, sstimates of maximum one-
day point rainfall for return periods
of 25,50 and 100 years were worked out.

By using the annuel maximum rein-
fall series, slightly less values are
obtained for low rsturn periods upto 10
ysars. As such, estimates of maximum
one-day rainfsll for 10-yesr return pe-
riod wers worked out using the convar-
sion factor as obtained by Dhar & Kul-
karni{(1973) for obtaining partial dura-
tion ssxies from ths snnual serxies.Gen-
eralized charts of maximum point rain-
fall of 10,25,50 and 100-year rsturn
periocds wers then prepared and these
charts are shown at Figs.4hto 7.

From an examination of the gensr-
alized charts of differsnt rsturn per-
iods, the maximum point rainfall fox
stations in the besin were found to
vary as follows 3-
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Range of maximum point rainfall
Return period over the Himalayan portion of
the Ganga basin upto Hardwar.

10-year 10 to 30 cm
25-year 15 to 35 cm
50~-year 20 to 40 cm
fOO-year _ 20 to 45 cm

PROBABLE MAXIMUM POINT
RAINFALL(PMP)

Probable maximum rainfall (PMP)
is defined as the highest or the extr-
eme rainfall which nature can produce
over a given point or a specifisd area
in a given diration of time. PMP esti-
mates are used for the design ef those
hydraulic structures in whose case no

‘risks due to their failure can ever be

taken. Estimates of PMP are normally
required for the design of spillway
capacities of those dams and reservoirs
which are to be built upstream of large
towns and industrisl areas.

In the present study Hershfield's
(1961,1965) statistical technique,which
is besed upon the analysis of long-per-
iod rainfall data of a station or an
srea, is used. In tropical countries
whare long-period rainfall data are
available, this technique appears to be
more suitable than the moisture maxim-
ization technique which is not suitable
for these regions. In the past Dhar &
Kamte(1969) and Dhar & Kulkarni(1974)
have used this tachnique for different
regions of this country. In brief the
technique is as follows :-

Xemp = Xpn + SnK---(3)
Where Xpmp = The extrsme rainfall for a

statian,'i; and Sn = mean and standard

deviation of the annual meximum rainf-
all series and,

K = Frequency factor which depends upon
the number of years of data and the
return period. Hershfield obtained the
value of K by using an emperical squa-
tion and found its value to be 15. But
it was later found by him(Hershfield,
1965) that the values of K = 1§ was high
for areas of generally heavy rainfall
and low for arid area(WM0,1973).He also
observaed that K has a endency to decr-
sase with increass of X, values. Using
the revised technique of Hershfield

(1965),PMP estimates have been workad
out for different regions of the count~

ry by Dhar and his co-workers(Dhar and

Kamte,1973, Dhar st al 1975).Using the
same technique for the long-pericd sta~-
tions in the Ganga basin, PMP estimates
were determined and these have besan
given in Fig.8. It is sean from this
Fig. thst one~day PMP estimates for sta-
tions over the basin range from sbout
SO0 to 70 cm. It is also observed that
PMP values are quite high in the foat-
hill regions of the basin when comps~
red to stations in the higher regions,

RAINSTORM ANALYSIS OVER THE BASIN

For the design of water resources
projects, rainstorm analysis forms an
essential part of the basin hydrological
studies. for this purpose, all the majoxr
rainspells that the basin experienced
during the past 80-year period from
1891 were examined. On scrutiny of the
data the following heavy rainspells
were selected :-(i)2-3.0ctober, 1910,
(ii)15-17 Auguet,1912,(iii)18-19 Sept.,
1914, (iv)17-18 August, 1921, (v)28-30 Sept.
1924, (vi)21-22 August, 1951, (vii)e-1D

Oct.,1956 and{viii)i5-1¢ Soptember.1963.‘

Employing ths technique of isohys=
tal anslysis, weighted rainfall of maxi~
mum 1,2, and 3 days were then worked out
for the basin upto Hardwar. Analysis of
the sbove heavy rain-spells over,the
basin revealed that maximum raindepths
wers experienced by the basin during the
rainstorm of 28-30 September,1924. A
general siudy of this rainstarm has been
carried out by Ramamurthy(1959).Ischye~
tal pattern of 3-dey duration of this
rainstorm is shown in Fige9. It is seesn
from this figurs that thes centre of this
rainstorm was located at a station call-
ed Lansdowne in ths Garhwal district of
Uttar Pradssh. The basin(upto Hardwar)
experisnced 15.5 cm,28.5 cm and 35.1 cm
of rain during 1,2, and 3~day durations
of this rainstorm.

In Sept.,1880 a very severs rain-
storm occurred over the plain areas
south of this basin{Dhar et 81,1975).1¢t
caused flash floods in the foothill

R R o g
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i e
pon gaihl “for caueing desth and destru-
ction in the districts of Bijnor,Mora-
dabad, Shaharanpur,Pilibhit,Nainital &
Almora in northwest Uttar Pradesh.Both
thes Septsmber,1880 and 1924 rainstorms
occurred towards the end of the monsoon
season and were asgsociated with the
passage of monsoon depressions from the

Bay of Bengal.
SUMMARY AND CONCLUSIONS

(i)Mean annual rainfall of the Ganga
basin upto Hardwar wes estimated to be
of thes order of 150 cm and 72% of this
rainfall is received during the south-
wsst monsoan months of Juns to Septem-

ber »

(ii)The chart showing the highest obs-
erved one-day rainfall over this basin
shows that rainfall of the order of 49
cm occurred at two stations,viz.Dehra-~
dun and Hardwar, on 25th July,1966 and
18th Sept.,1880 respectively,
(lzx)Examlnatxon of generalized charts
of maximum one-day point rainfall of
10,25,50 and 100<%yesar return periods :.:
shows that over thie basin rainfall of
10-year return period varies from about
10 to 30 cm, for 25-year it ranges

from 15 to 35 cm, for 50-year 20 to 40
cm and for 100~year frpm 20 to 45 cm.,
{iv)The generalized PMP chart of ths
basin shows that point PMP over the
basin ranges from about 50 to 70 cm.It
is also observed that magnitudes of -
PMP are higher in the foothill region
of the catchment,

{v)Analysis of heavy rainspells over
the basin during the las{ 80-year peri-
od(i.e.1891 to 1970) has shown that 28-
30th September,1924 rainstorm was the
most severe one which contributed graa=-
test averacge raindepths over the basin
for durations of 1 to 3 days. The basin
received about 35 cm of rain for a dur-
ation of 3 days during this rainstorm,
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Soil Moisture Retention Model in Rainfall
Disposition for Fiood and |
Drought Moderation

D. C. Das

Ministry of Agriculturs,
Department of Agricuiture and
Cooperation, Krishi Bhawan,
NEW DELHI - 110 001, India.

. _ ABSTRACT .
So11 holds moisture with varving force and perform the functions both of recepticle

.as well as passage for flow,The types of soil moisture storage and their volumes are
important in rainfall disposition studies 1in the context of flood and drought.

A

simple computerised mass water balance model for working out continuous rainfall dis
position centering around variations in soil moisture has also been offered, The
model requires the data on rainfall and mean temperature besides the soil moisture

estimation equations,

The characteristics points of the equations along with a few

soil characteristics have been used to explain variablk hydrologic response under

different management practices.,

Wth the help of dats from four different manage-

ment fields in the Nilgiris feasibility of developing extensive defence against
drought & flood by altering hydrologic responses through manipulation of soil mois-

ture storage haes been demonstrated.
INTRODUCTION

Flood and drought are the events of
considerable departures from the nor-
mal and represent unfavourable and un-
desirable hydrologie response of an
area. The interaction of 'lend Cyele!
with the 'Water Cycle! is the key to
the understanding of the hydrologic
response variations and, therefore,
onset, extent and intensity of the
flood and drought hazards.

Man has no control on water input i.e.’
rainfall and other climatic associates
whereas he has very restricted ability
to increase the useful land base. It
18, however, possible to make adjust-
ment in the ways how he deploys these
resources. Soil moisture storage,
besides influencing watershed retentim
and-thus stream flow, also profoundly
affects the energy and dbiclogical be-
lance of watershed. This in turn modi.
fies the hydrologic balance (Dooge, et
al, 1973). The endeavour in this

. paper 15 to demonstrate this signifi-
cant role of soil moisture and offer

a simple computerised model for work-
ing out continuous rainfall disposition
or water balance centering arcund the
variation in soil moisture. The imponr
tance of soil moisture and the model i
developing extensive defence against
both flood and drought has been ex-
plained,

n—6

SOIL MANTLE AND HYDROLOGY

Soil 1s well known a&s the most vital
naturel medium for produeing btulk of
our requirements. But it is also the
primary storage for the most eritieal
rroduction input i.9. wvater as well as
the permeable medium to replenish the
supply of water either to the channel
system or ground wvater after the prime
supplier rain has stopped. This dual
ability of the soil mantle is its core
or characteristics, It 1s again the
combined effect of infiltration and
percolation rate, volumes and direction
of drainage through soil profile.

Physical Characteristics

It is well known that the ability of
soil to inteke the water and to hold it
basically rests on its texture end
structure or aggregation., These also
regulate the transmission by controll-
ing the hydraulic conductivity. But
even a soil mantle with all favourable
characteristics to hold and utilise
large volume of rsinfall, and has a
shallow profile, will result in large
runoff. Thus, besides all these basic
charecteristics, the most important
single factor which affects the hydro-
logic response is the soil depth.

80IL MOISTURE STORAGR
8torage Types
Water in the soil profile is held with

A}







variable tensions and moisture held in
between identified tensions are called
different types of hydrological storage.
Tis can be divided in three parts: (1)
firstly, detention storage which refle-
ots the amount of water held between
field capecity and the maximum weter
holding capecity (MWH) (Fig.1). This
volume of water finds its way thraigh
the soil profile and gets absorbed by
the soil profile or released into the
channel system or ground water storage
much after the rain has stoDped; (1i§
secondly, the retention storsge which
i3 defined the difference between
permanent wilting point or moisture
equivalent and field capacity. Water
from this storage does not flow out

of profile but gets utilised through
the process of evapotranspiration; and
(1i1) thirdly, the storage below per-
manent wilting point is, however, not
generally available for any of the

two purposes indicated above.

For a hydrologist the detention and
" retention storages are of special
interests. More the detention storage
greater is the possibility to ensure
larger release of water to the streams
and the ground water sStorages over a
longer duration. When the retention
storage is more, it 1s likely to
utilise larger bulk of water held in
detention storage and, therefore,
likely to reduce the flow out of pro-
file. Marked variations in these
storages with the changes in land-use
management were reported earlier (Das,
eﬁf_ ;a._l_% 1970) and also can be seen from
Ee .

Retention Storage Opportunity

Retention Opportunity (RO) is defined
as the difference between the soil
moisture storage for the antecedent
period say a week (S8Mg) and field
ca.pacity (F.C) vide Hg.1. Asain the
availability of this opportunity at

a particular time is not of all impor-
tance. Its availability over the
weeks and the cummulative totals play
very significant role in the disposi-
tion of incident rainfall, The inci-
dence of rainfall coinciding the re-

- tention opportunity is another factor
regulating the utilisation of incident
rainfall on land and thus the flow out
of it. (Das, et al, 1967, 1970).

SOIL MOISTURE STORAGE IN RAINFALL
DISPOSITION OR WATER BAIANCE :

Models for rainfall disposition or
water balance are many. These obviousl
al ffer in emphasis and form as the
objectives differ. In Watershed Manage-
ment Programmes, variations in disposi-
tion of inciden(: rainfall with the
chanres in land use management, is an
important factor. Thus the component
in the model which caén reflect such
changes and provide & basis to quantify
the same is considered as the Key.
Examination of various hydrologic phases
after rain falls on ground reveael that
many of storages on a watershad such as
surface detention, depression storege,
crown and floor intercention are tem-
poral. The water, thus stored, rets
transformed to soil storage and .evapo-
transpiration.

The basic mass water balance as given
in equation (1) has been taken as the
base (Hewlett and Kutter, 1969).

P:Et+Q:ASM+L#U00uooooo (1)

Where

P = Gross Precipitation

By = Total Evapotranspiration

Q z Stream flow

ASM = Change in Soil Moisture Storage
within basin

1 = Leak in or out of basin

Iy = Under flow

Assuming no leek and no under flow the .
vater balance or disposition becomes:

Pg - Ef - Q tAsM = 0 Ry (2)
The problem was then to choose a method
for keeping continuous record of 8SM
over Selected time interval, Because
SM at any moment is a deal between the
volume of Soil profile in operation
and its attributes in one hand and the
depleting forces of gravity drainage
and evapotranspiration on the other
hand (Baver, 1956). It is highly site
specific, highly variable with time
and thus complex. It is extremely
difficult to be simulated. Thus, out
of four main approaches, namely: (1)
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Table 1 - ESM-SM Estimation Models for Diff
Important Charecteristics,

erent Management Fields with
Ootacamund, the Nilgiris, India

— All depths are in Gm. 8
§6 Menagement Field or Estimation Model Criti- Criti- Maximum
‘land Use Practice  SM=a ibx-Cx2 cal ,cal ,, Expen-
drypess weiness sion
i} 2 - 3 E % [ 7 8
1. Bench Terrsce (Non-

Paddy) cultivated

SM=17.8343.63x~ 17.83 24,67  9.37 26.60 36.96 9.04
001‘812

o LA P

2. Snola - Submountane SM=23.2Z+§7+1+-671 23.37  31.k2 10,69 29.90 47.65 20.90
Evergreen forest =0,68x '

3. Deteriorated Grass- SM=2k,5637.19x~ 24.56 39,06 12.72 30.48 .34 5.6
land 0.89:5 :

k. Bare land su=§2.19935.26x- 22.99 32,82 11.62 27.28 29.69 3.63

J71x

¥ Least retention ®® Peair retention SM = Soil Moisture
X = ESM = Effective Soil Moisture Factor, PWP = Permanent Wilting Foint,
F.C = Fleld Capecity, MWH = Maximm Water Holding Capecity.
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lysimeter; (11) Paired watershed ; (111)

201l Moisture plots; and (1v) Meteoro-
logical approach of Thoruthwaite -

Mather, carefully designed natural sofl

moisture plois have been used. These
plots were considered to be capable of
offering additional useful information
which would help in understanding the
physical process concerning
sition of the incident rainfall
(Hewlett and Rutter, 1969).

'DESCRIPTION OF THE MODEL

Nilgi-

model vas developed for the
or out

ris. Though basin leakage
could be neglected here too
flow, such as deep percolation (l:ip)
has to be considered as the lateritic
soil profile is characterised by deep
weathering.

The

Bquation (2) has,
fiexd as follows with
em. depths.

all values in

®)

In this (Q + Dp) has been taken as
water lost from the basin vhile (By +
A 8M) as the amoun’ utilised on the”
basin. Thus the computation of uti-
1isation under different land manage-
ment practices has bean taken as the
main measurable parameters.

Now, RO = (FC - S'Ha), Closecssece ()
Waere, 1f 84,>/= FC, then RO = 0
and WL = (p = RO), OM covsccoccee (5)
vhere, 1f P </a RO, then WL =0
Retention opportunity utilised (ROy)
will, however}adepend upon the inci-

dence of rainfall, as in the Nilgiris
surface runoff was recorded mostly

P = Et +Q + Dp tASH sesss s

around 2% and in rere occasions around
54 of the incident reinfall. (Das 9_%
™Tus, it was assumed

al, 1967).
BOg = RO = P erevenssssesasssoces
Where if RO /> P, then ROy = P

‘and if RO < P, then BOy = P-WL

Thus all components of the model iim
in equation 3) becomes known. I
would be seen that the model as such
needs measurement of two parameters,
n rainfall (P) and soil moisture
(8M) for each time interval. Other

©)

the dispo- -

the unden

therefore, been modi-

{tems such as soil moisture constants,
depth, etc. are hot to be measured
during each time interval., Though it
looks simple, the problem of measuring
soil moisture over an extensive area
and under different management practices
is nelther? physically practicable nor
financially supportable.

SOIL MOISTURE ESTIMATION EQUATIONS

An essential element for the model 18,
therefore, to develop reasonably relia-

‘ple tool for astimation of soll mois-

ture from easily measurable parameters
under different management conditions.

A search was therefore, nade to locate
such indepen&ent variate which could be
physically appropriate and also easily
deteminahle/measumble.

Indices of Soil Moisture or
Antecedent Conditions

Antecedent precipitation Index (API) is
possibly one of the most widely used
incices and can be computed from rain-
fall data alone. The constant 'K in
the computation is, howaver, mainly &
function cf soil characteristics end
does not consider adequately the clima-
tic associates which govern evapotrans-
piration (Das t al, 1967). This physi
cal inappropria ene3s wvas observed by
Neal (1960) and Holtan el al, (1962).
Again, in the Nilgirts correlation of
SM was far more significant wvith
than API (Poorenchandran, ot 81, 1969).
Low discharge Index () 1s anorher
parameter which is primarily used with
raference to dry weather flow (lawren-
It really does not
hov the incoming
be distributed. Besides,

P
rainfall will
is more elaborate

detemination of (27}
and time consunini'. A third index is
Effective Soil Mo sture (ESM) factor.
It is & ratio of precipitation to
square of meaR temperature. It, there-
fore, takes into account the input as
well as the major depleting forces of
evapotranspira ion and was first
advanced by Thornthwaite for climatic
classification as & measure of soil
moisture status. Iater it vas used

to explain variations in runoff
(Baver, 1956). ESM Factor was observal
to be more significantly associated
with SM as vell as surface runoff as
compared to API under different mana-
gement practices (Das, et al, 1967).




Estimation FEquations

For fields under four daifferent manage-
ment practices estimation models were
obtained with ESM as the independent
variate (Das, et al, 1967). %11&1-
models vere 8130 obtained withYAPI for
cultivated benches in the Nilgiris
(Poornachandren, et al, 1969). A1l
these equations have the form as given
in squation (7)

' SM =8 +bx - cxz ®ssstvosssncee (7)

where a, b, ¢ are constants,

However, BESM-SM 6quations were more
significant and had lower standard
error of estimation for the regression.
Tus rainfall alone and without the
involvement of temperature, represent-
ing the depleting force of evapotrans-
Piration, was not found adequate to
explain changes in soil moisture over
time and under:different management,
Thus estimation equations with ESM
factor has been used in the model to
determine the soil moisture storege
values and therefrom retention opror-
tunity utilised and water lost from
the wvatershed, Measurement of the
inderendent variates 1.e. Precipita-
tion and temperature are involved
whick has replaced the necessity of
measuring actual soil moisturs on the
field in subsequent computations.

OPERATION AND PERFORMANCE OF THE MODEL
Operstion

The operation of the model will call
for repetitive computations for the
chosen time interval, here a week.
Thus an IBM CPS 360 computer programme
has been developed with two external
entry procedures. One of the external
entry procedures works out ESM & M
vhile the other gives sums of precipi-
tation, RO Provided, RO utilised and
loss. PFrom these values vartous pep.
formance characteristics of ratings
could then be worked out. The opera-
tion of the computerised model will
require the foliowings:

1) Weekly Precipitation; 2) Weekly
msan temperature; 3) 8041 mofsture
3tatus such as fielqd capecity ete.;
b) Bstimation Buation for soil mois-
ture in depth, ESM . &M equations,

Charecteristics of Soil Moisture
Estimation Model

The estimation equations rresented in
Table 1 reveal szome interesting featy.-
res. It has a maximum or pesk which
illustrates that every field is physi-
cally limited in so far as 8011 moisture
storage is concerned, notwithstanding
the continuing or increasing Supply

such &8 rain. Soil moisture increases
steadily with the increasing value of
ESM dve to predominance of the soil
Suction gradient. After the peak 1s
reached the storage starts declining
with the increasing value of ESM (Fig.1).
This is primarily due to increasing
hydraulic condvctivity and higher
transpiration rate ti11 aeration is the
1im ting factor. The peak is thus the
highest potentiasl and antecedent wetness
condition and, therefore highest poten-
tial for runoff. It would be seen trat
according to this model highest runoff
or water 1oss is expected from deterio-
rated grassland followed by bare land,
shola and cultivated benches,

Similarly, the equation has eot a mini-
mum which indicates the maxinum extent
of depletion of soil moisture possible
under normal c¢limatic ang manasgement
conditions, This is fully in line with
the demonstretion given by Cloman (1958)
that any field will retain a rart of
rain in disregard of evapotranspiration
demand. ‘Tis incomplete depletion has
been variably explained different
workers (Dms, et al, 1967). This can
be considered as The oritieal watershed/

- catchment dryness 1imit and can indi-

cate as to when a field, under a given
management schedule, may be subject to
water stress conditions., The cultiva-
ted bench terraces has the minimm
retention and thus highest critical *
dryness and, therefore, highest sus.
ceptibllity to drought.

These two points by themselves speak
the relative Susceptibility of 2 water.
shed under a given management condi-
tion *o cause flood or drought, Iike
the common soil moistures status limits,
such as permanent wilting point, field
capacity or maximum water holding
capacity, these points also do not
indicate the total potential of 2 -
watershed for absorption, utilisation
and loss of incident rainfall. The
information collated from eontinuous
depletion and aceretion of so0il mois-
ture which are complex dynamie func-
tions of evapotranspiration demand of
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climate, re-distritution of absorbed
moisture in the soil and physiologi-’
cal functioning of the plant body for
utilisation of the absorbed water,
would be necessary to clearly interpret
the resl potential of watershed either
to cause runoff or result in drought.

Rainfall Disposition vis-a-vis
land Use Management

The disposition of rainfall on a water-
shed will have to be sSeen as either its
ability to utilise incident rainfall on
site or water loss potential. The re-
lative performances of the four differ-
ent management practices in the Nilgi-
ris presented in Fig, 2 bear clear
testimony to this. The nighest cumula-
tive retention was offered by the
benches under cultivation followed by
shola, deteriorated grassland and bare
land (Pig. 2a), 8imilar trend was
also observed in respect of utilisation
of cumulative retention storage (Fig.Zb)
Bench terraces helped in large total
absorption and utilisation of 61% of
annuel rainfall as compared to 41%
under natural forest, 29% under de-
graded grassland and 28% under bare
land. The greater ability of the
benches in utilising large portion of
incident rainfall rests on continuous
depletion of retention storage through
raising crops and favourable distribu-
tion of rainfell coinciding with re-
tention opportunities created.

Insofar as efficiency of utilisation
of retention opportunity is concerned
the difference amongst the management
practices are not very great (Fig.2d4).
The cultivated benches which utilised
the highest portion of rainfall did
not have significantly higher efficl-
ency as bulk of the opvortunities
created in such fields were not utili-
sed due to non-availability of supply
that is reinfall, In other words such
management practice is capeble of hold-
ing and utilising still larger amount
of water and, therefore, has the
potential to increase the watershed
retention capecity and reduce water
loss further,

Insofar ag water loss is concemsed the -

paxisum portion of rain water goes out
of Watershed from bare land and deteri-
orated gnassland (Pig.2¢). In case of
forest d even though large volume
of rain water infiltrates into the
profile the bulk of it could be retain-
ed in detention storage and disposed
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of slowly over a long period. GCrass-
lands absorbed about 71% of the
incident rainfall, as inspite of
grazing the minimum cover was available
on the surface. But due to comvaction
it did not promote voluminous vertical
movement through percolation to deevper
layers. Similarly, due to excessive
wetness conditions, depletion by evapo-
transpiration was 8lso minimum. There-
fore, along the compacted shallow
sloping profile voluminous interflow
resulted.

Flood Moderation

It is well accepted that flood occurs
if there is excessive rainfall and the
watershad cannot retain bulk of it. It
is also argued that with incidence of
high intensity heavy rainfall or rain-
fall over a long period, watershed
gets saturated and, therefore, its
ability to retain and utilise rain
water falls. A4s a result, notwith-
standing the management prectices,
ineluding forest vegetation, watershed
will be urable to moderate the flood
to any significant extent., Nelther
of these contentions can be supnorted
by unqualified explanation of the
physical processes involved and actual
dats available from the field, Besides
we are concemed with relative per-
formance of the land use or management
practices in respect of water loss and
water utilisation, so that apnronriate
landuge practices could be adopted to
moderate either flood or drought. In
case of a catchment the hydrologic
responses such as, watershed retention,
peak and yield, as had been revorted
elsewhere (Raghunath, et al, 1970),
are determined by the manner hovw the
land surface is distributed amongst
land use prectices such as forest,
grass land and cultivated benches.
Examining the variations in landuse
statistics over three decades, the
same authors showed that large scale
conversion of sloping gresslands to
cultivated benches and plantations

of Micalyptus globulous and Acacia
Molldisima 17 watersheds of the
¥{Igirls enhanced anmal watershed
retention by 28 cms, The information
obtained in respect of four management
practices in the Nilgiris have confir.
med the feasibility of such changes,
The results showed that there are land
management practices, such as cultiva-
ted benches,/help in providing continu-
ous retention opportunity to intakse,

/which
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FIG.2 PERFORMANCE CHARACTERISTICS OF FOUR LAND-
USE PARCTICES IN RESPECT OF RAINFALL DISPOSITION
IN THE NILGIRIS

The peaks of the ESM-SM curves in con-
junction vith wmaximum water holding
capacity (Fig.1) and expansion percen-
tage abilities (Teble 1) indicate that
both in deteriorated gragsland and bare

absorb and utilise bulk of incoming
rainfell, This continuous process of
depletion, therefore, help in retarding
the chance of satura{:ing the large tract
of arez simultaneously. On the other

hand the large detention storage creat-
ed through adoption of a particular
land management such as forests help in
absorbing and holding the rain water
temporarily and then dispose of the
same slowly and over a long perilod.

T™e wide expension ability of 8 pro-
file gives dynamism to the system of
soil moisture storage and in a real
sense increases the total volume of
hydrologic soil depth and thus total
storage. The management practices such
as forest offers large expansion cape-
bility, therefore, Provide a best cu-
shion against flood by holding the
water temporarily and reducing the
danger of quick accumulation of flow,

.expension is as high as 20,20 ems for

land the peaks far exceed the field
capacity and even maximum water holding
capacity, These fields, therefore, get
thoroughly soaked following continuous
rains., Therefore, these are prone to
cause quick accumulation of runoff. (n
the other hand, in the natural forest
land it remains far below the maxiwum
water holding capacity. Besides, the

forest land against 5.61 and 3.63 cms
for grassland and bare land respectiwely.
Therefore, forest lands do not pose any
risk in causing heavy runoff., In culti-
vated benches the peak remains below
field capacity and expansion ability is
12.70 cms., It has, therefore, least

runoff producing potential. ese




details establish the possibility of
reducing an event due for a long retum
period to that is expected at a shorter
return period.

The differential role of these mansge-
ment practices can also be visualised
from the flow characteristics of water,
It is commonly known that channel flow
{s faster than overland flow and the
Jater is again faster than interflov.
Therefore, the formation of runoff will
be quickest and rise to the peak willbe
the steepest if bulk of mnoff accumula-
tion is in the form of channel flow.
This will be closely followed by situa-
tion when accumulation is by and large
through excessive overland flow. The
peak will be moderated as well as time
of flow will be extended if the Tunoff
formation mostly depends on interflow,
and further if the interflov is not
along the shallow profile. From this
angle too natural forest hasg got great-
est influence in inducing the incident
rainfall into the profile and then move
out as interflow through a long line
of percolation and seepage. On the
otner hand, compacted grassland, though
absorb considerable amount, had to part
with it at a much shorter %d.me follow-
ing the rain, as was observed from
voluminous collection of interflow in
protected surface pits {es, st al,
1970). It may, therefore, be necessary
to have immedlate catchments of the
reservolirs under somewhat grazed grass
iand (but free of excessive erosion
to effect quick and large water inflow
at crucial period. Voluminous eviden-
ces obtained in the country and abroad
on such differential roles have been
rev< ewed and published elsewhere (Das
1979). Thus, there 1is consi-
derable possibility to reduce the run-
off producing potential of a watershed
by manipulating the landuse management.
The manner in which the outflow is
desired to be regulated will guide us
to choose an appropriate management.
Teking into consideration the dynemie
soil moisture storege and its influerce
on the runoff response/2(f) have been
worked out from the water balance
models. These co-cfficients could be v
utilised for rating the runoff poten-
tial of vatersboz\s. '

ratings given in Fig.
Drought Moderation

The problem of drought is realised
firstly through significantly low rain-
fall, secondly_ due to erratic distribuw-
tion of rainfall, and thirdly as a Te-
sult of succession or persistence of
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such events. The management practice,
which offer high cumlative retention
opportunity and also has least retention
capacity indicating greatest dryness
will be easily susceptible tc drough{'.s
with slightest sub-normal indidence of
rainfall. Amongst four management
practices discussed the bench terrace .
having the most eritical dryness level
is exposed to this risk to the maximum.
However, its ability to recreate Peten-
the weeks neutralises

the risk very considerably provided the

- rainfall distribution remains favourable.

If there is prolonged dry spell, all
these practices other than forest will
be subject to waterstress situvation.
The endeavour, therefore, should be teo
incorporate complementary landuse ®AN8-
gement practices in the same watershed
gso that entire watershed does not reach
to the maximm dryness when, with the
incidence of a moderate rainfall, the

recovery could be quicker. This vwill
sliminate the risk due to persistence
as well, Forest and water harvesting

structures with low storage capacities
could be such complementary practices
which could be usefully interspersed—-
with cultivated fields. This will
induce greater absorption and re-
distribution of water at extensive
locations of the watershed and, there-
fore, keeping the average catchment
dryness far above the critical level,

CONCLUSION

For its simplicity Such as collection-
of data on two easily measurable para-
meters the model has very considerable
potential, The effectiveness of the
model further enhances when it helps

in providing quantitative and qualita-
tive information to explain variable
responses of management practices. Using
so0il moisture storege as the key factor,
it could give relative adventage and
disadvantages of different landuse
practices or ways and means to regulate
the hydrologic response. The main di-
fficulty of providing continuous data
on soil moisture variations have been
overcome by developing estimation tools
involving only percipitation and tem-
perature. e model has, however
assumed that with the prevailing ds-
tribution of rainfall in the Nilgiris,
surface runoff is not significant. It
may not be 80 in many cages whers, the
model may have to be marginally modified
by incorporating a measured or determi-
ned component of surface mnmoff. Te
qualitative and quantitative variations
in the hydrologic performance of the




four management practices have baen
compared in terms of a number of co-
efficients or ratios and have been use-
ful in e3tablishing the utility of the
model. The significance and applica-
tion of these indices for devaloping
composite watershed ratings and for hul-
ding up extensive defenca against both
flood and drought however, need to be
examined more cri‘.ically. Inspite of
these observations, for its inherent
appropriateness in the context of
physical sciences of hydrology and the
needs for examination of alternative
management practices, the model offers
great potentisl, The computerised rro-
gramme enhances its extensive applica~
tion at shorter intervals and, there-
fore, increases its utility,
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ABSTRACT

For the design of water resources project and engineering 'structures, the design
flood is generally estimated by frequency analysis of annual peak flood series,
However, uncertain -ty prevails due to problems.related to data such as limited data,

nonhomogeneity in data, presence of outliers etc.

The statistical distributions

which are commonly adopted for frequency analysis in different parts of the world
are Lognormal, Pearson type III, Log Pearson type III and Extreme value (Type I),
Different techniques are adopted for estimating the parameters viz. method of moment$
method of least square$ metnod of maximum likelihood and method of mixed moment. The
data of annual pe ak flood series of four Indian rivers namely Sutlej at Bhakra,
Cauvery at Chunchunakatte, Ganga at Hardwar and Pagladiya at N.l. road crossing have
been used tor comp@rative study of different statistical distributions and methods of

parameter estimation for flooa frequency analysis,

It has been seen that the co-

efficient of sxewness (Cg) 1s an important parameter for deciding suitability of a

particular distribution,

For river Pagladiya having highest coefficient of skewness

(Cs,‘ = 2,746) and negative coefficient of skewness tor log transformed series
(Cgy = =0.146) the goodness of fit of different distributionshas been tested using
D-Index approaches ana observed that the Pearson type 1II distribution is most

appropriate,
Germany (FRG),

INTRODUCT ION

Estimation of floocd peak for desired
return period has an important role in
the hydraulic design of water resources
project and engineering structures,
While designing the structures, proper
safeguards must be made for tne safe
passage of the expected maximum f£looa
for a particular return period consider
ed for thne structure. Freguency analy-
8is of available data are generally
done to find out the expected maximum
flood for a particular returm period,
However, uncertain ty prevails in the
estimation of peak £loods because of
availability of limited data, non=
homogeneity in data due to various
causes such as different methods of
measurement, difference in hydraulic
characteristics of flood flows, effect
of mane-made and natural changes, exist-
ance of observed extreme events which
lie tar above or far below the other
values etc.

The atatistical probability distributions
which are commonly adopted for fregquency
analysis are Log Normal, Pearson type
111, log Pearson type 1II and Extreme
value (Gumbel) distribution (Type I)

Various methods have been adopted for
estimating peak flood*’desired return

m—-1

Tnis is in contormmity with practice adopted in Federal Republic of

periods such as 100 yr, 200 yr, S00 yr
1000 yr, and 10000 yr for three dis-
tributions namely, LN, LP type III and
Extreme value distribution for the four
rivers, Pearson type III distribution
is also adopted for river Pagladiya
whose Cgy is negative.

The methods adopted for parameter estim-
ation are method of moment and method of
least square for all the three distribu-
tions, method of mixed moment - MXMi
(Rao, DV; 1980) for log Pearson type III
distribution and method of maximum
likelinood (Panchang, M; 1967) for
extreme value distribution, Sample size
correction for extreme value distribution
(Viessman,W; 1977) is also made, The
method adopted in Federal Republic of
Germany (Kuratorium; 1976) for selecting
the distribution between LP type III and
Pearson type I1I depending on the co-
efficient of skewness of the log trans-
formed series (Cgy) is also adopted here

D-Index method(for the river Pagladiya
having highest Cgx and negative Cg,)has
been adopted to determine the goodness
of £it of different distributions by
different methods. A comparative study
of different approaches are made heres.




NOTAL'ION

LN = Log normal distribution

LP = Log Pearson distribution

MM = Method of moments

MLS = Method of Least Squareg

MXM1 = Method of mixed mdments

MML = Method of maximum likelihood

n = number of values in data series

m = rank number in descending order
X = data series of annual peak flow
Y = logex

P = prropability

K = frequency factor

T = return period

X: Mx= mean of X values

Y, M = mean of Y values,

Ox = standard deviation of X values

Iy = standard deviation of VY values
Cy = Coefficient of variation

Cg = Coefficient of skewness
Csx, Yy = Coefficient of skewness of
X values
MM* = Method of Momentswith sample size
correction -
METHODOLOGY

Generally the annual f£lood peak values
at a given site are used f or frequency
analysis. Frequency analysis considers
the probability of occurence of an event
with a given magnitude and uses proba-
bility theory. Aannual £lood peak seris
fits a distribution which is generally
skewed and hence a three parameter
distribution is generally assumed., The
statistical estimates of arithmetic
méan, standard deviation and coefficiemt
of skewness for historical data are
generally used to estimate the para-
meters of the theoritical probability
distribution assumed for the annual
peak flow series,

Three steps in fitting a probability
distribution to a series of annual peak
flow ( random variables) are as tollows:

1) Seiection Of sppropriate theoretical
distribution

ii) Tne estimation of parameters of the
theoretical distribution from avail-
able data,

ii) Pesting the goodness of fit of the
fitted distribution on the basis of
certain standard statistical criteria.

The probability distributions that are
generally used in flood flow frequency
analysis are 3

Log Normal Distribution

This assumes that the Logarithms of the
variable has a normal distribution and
the value ranges from 0 to o¢

Considering Y = fog, X, where X is the
random variable, thén x is said to have
a log normal distribution £ Y has a
normal distribution.

The probability density funct ion is
given as

Xyt oo
r{% p——
It may be notedzthat'
My 4 T} Ty =1t
Mx = Y v /2 TxzMx (e Y )
Q-V'L \/2 ] 3
cy=(eY =) , Cg= 3Cy+ <y
This is a two paraneter distribution

where only mean and standard deviation
are involved,

2
é(Y—My) /2w

2

Log Pearson Type III Distribution

This distribution assumes that the loga-
rithms of the variables under considera-
tion has a Pearson type III distribution,
This is usually a bell-shaped (skewed)
distribution with limited range in the
left direction, US Army Corps. of
Engineers (HEC) has adopted this dis-
tribution for tlood series particularly
because this is a skewed distribution
with wide range of parameters and a
positive or negative Cg., Use of logari-
thms helps to reduce the skewness ¢ an
already skewed distribution, Foster
(1924) recommended that the computed
skewness for Pearson type III apalysis
be multiplied by a factor (1 + =) to
obtain an adjusted skewness wheB dealing
with small samples, This method has as
3 special case the log normal distribu-
tion when Cgy= 0, Beard (1962, 1967)
and Benson (1968) recommended the use of
regionalised skew coefficient for a
reliable estimate,

This is a three parameter distribution
with mean, standard deviation and co-
efficient of skewness, Details ¢f this
distribution is given in Chow (1967),
Haan (1977)0

Extreme Value Distribution Type I

The distribution of the largest and
smallest value of a random variable is
refered to as an extremal distribution,
This distribution results from any
initial distribution of exponential type
which converges to an exponential func-
tion as X increases., The cumulative
probability distribution function is

given by
c (a+x)/c

P(xéx)=¢€

Where a = VC—M
cs= $ ,
Y= 0,57721 a Euler's Constant.




e frequency tactor K f_c:ah‘ ‘be wri&. 20
a8 IR = L
K= -017797[057721 4 \nln (-,-.\\]

Wnere T is the desired return period.
Tnis distribution nas a coefficient of
skewness Cgy= 1,139;it this statistical
population has Cgx ) 1,139 then this
distribution under estimates the low
probability (or high return period)
floods and pverestimates low flood.
Reverse is trye when Cexd 14139

Plotting Position

The probability of event can be obtained

by use of a plotting position, There
are numper of empirical formulae like
California, Hazen Beard, Weibuall,
Chegadayev, Blom,Turkey etc. to obtain
the probability of event. Cnow (1953)
has shown that the Weibull formula is
theoritically suitable for plotting the
maximumn series

P(X )%

Recurrence interval T is given by
1

P(X>%)
Recurrence interval 3 when annual
maximumn values are being analysed, the
recurrence interval is defilned as the
mean time in years, for the m largest
value among annual maximum to be exceed-
eq once On the average.

= -

My

General bguation

The general equation for hydrologic
frequency analysis as proposed by Chow
(1951) is

X(Ty=z X+ T (D

where K(T) is the frequency factor for
the return period T,

Method For Estimation Ot Parameters

The parameters involved in the proba-
bility distributions can be estimated
by

1, Method of moments: First, second
and third momentsof the data series give
the statistical parameter such as mean;
standard deviation and skewness, when
substituted in the probability function
of the given distribution gives an exact
theoritical fitting but the accuracy can
be substantially affected by any error
involved in the data at the tail end of
the distribution where the moment arms
:i'edlong and the errors are thus magnie-
ed,

T Hethod of 1east -quaré Ky
. method, a ‘regression line is fitted

In this

between the plotted values of frequency
factor K and its variaole X, The value
of intercept (A) and slope (B) of the
regression line are used to find out the
predicted value for a particular return
period T.

X(T) =« A + BK(T)

The regression line so fitted may not
represent the exact theoritical dis-
tribution but it gives a better overall
fit than the method of moment$. Based on
the general egquation for nydrologic fre-
quency analysis, proposed by Chow (1951)
least square procedure for fitting a
normal, log normal or extremel distribu-
tion was developed by Brakensiek (1958)

3, Method of maximum likelihood (MML) 3

The parameters for which the
probability-of occurence of the actual
observations 1s a maximum is known as
the maximum likelihood estimate,

Let X,,X,.0....X, be the n observations
and ¥(xf be thePassumed probability
density function in terms of parameters
seeseaPy; then assuming independent
e&enas the probability o f outcome,P is

P = ﬂ '}(X‘L)
iy
For this to be a maximum
oP V,2 - - n
-— =0 Az
2P for

The » equations in terms of their parae-
meters can be golved to give the maximum
likelihood estimates.

Kimball (1946, 1949) has suggested this
method for fitting extremal distributioms,
he mooted the application of this method
for the purpose but concluded that one
of the normal equations was as intracte
able of solution.

Panchang and Agarwala (1962) proceedea
further and reduced a computational
steps for evaluating the parameters
successfully,

. Peak value for any return period T is

expressed as

e = -t Lge ()

. . )
Where 'U and 'a are parameters.
Panchang (1967) has given a workable
procedure for £inding the parameters'u
and 0, provided the observed number of
years for which the annual maxima are on
record is not too small (ordinarily not
less than 30),
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The MML does not reguire ahy plotting
position tormula tor calculating the
distribution parameters,

This method provides the best estimate
of the parameters though the procedure
is leangthy.

4, Mathod of mixed moments (MXM1): This
is a method to tind out the parameters
of the Log Pearson distribution,
Regicnal skew map is needed for Log
Pearson Type III distribution for peak
flow frequency analysis, Moreover,
Hydrologist may wish to use L.P. in
analysing other data such as precipi-
tation, Low flows,Lake stages etc,
Development of regional skews for
different kinds of data is not practical
These uncertainities associated with the
use of skew estimate in frequency analy-
sis only suggests that otner estimation
method which are free from the use of
skew should be searched., <This effect of
varlation of skew is avoided in the
method of mixed moment (MXM1) by inter-
mixing the tirst two moments of data
(Mean and variance) with the mean of
Logaritimic data.,

Objective 1is to estimate the parameters
a,b and ¢ 80 that My =X ,g-)‘a: 5)?; and
M = v
where vxi = x{/x,the dimensionless varise
X{ is the data series arranged in de-
scending order. Mg, 1s the Mean of loga-
rithm of dimensionless variate, TK and
are the standard deviation and co-
etficient of skewness of dimensionless
variate. The initial value of Y« (% %)
is determined with Ti%= 82 and Muys9
from the relationship of Muy- & -V
given in table 7 of Rao (1980), The
value of vy is then so adjusted that the
value of a, b and ¢ calculated therefrom
satisfies the relation

Meah - c%% -<(—

Then the value of mean and variance of
the LP Type III distribution are cal-
culyted using this set of value of a,b
and c. A detalled procedure to f£ind out
the parameters of LP Type I1III by MXM1
has pbeen given by Rao (1980),

FRG Method Of Selecting Distribution

In Federal Republic of Germany = FRG
(Kuratorium; 1976) Pearson Type I1II and
Log Pearson Type III distribution are
commonly used for flood flow frequency
analysis, The method of selecting the
proper distribution adopted in FRG,
depends on the value of coefficient of
skewness (Csy) of lLog transtormed series.

It states
(1) If Cav %0 ; the distribution is
LP Type III
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(14) If Cgv <0 ; the distribution is
Pearson Type III with following
condition

a) If Cqx >0 or d)0 The distribu-
tion is Pearson type III without
any modification,.

b} If Cgx(0 or d¢O then Cgx is
taken as +2Cyx and with this
viue, Pearson type III distribu-
tion is adopted,

2¢C
- — VX
where d= X ( \ P ) ‘
Testing The Goodness Of Fit

If the observed data plot as a straight
line on theprobability paper, the assumed
distribution is satisfactory in a quali-
tative sense, But quantitatively good-
ness of fit test is to be done to deter-
mine which method and distribution the
data series is fitting best, There are
number of methods like Chi-square, D=
Index etc, D-Index 1s considered as
better representative, In the D-Index
method the value of peak flow series are
found out by different methods for diff-
erent distripbutions from the plotting
position of the each observed peak flow
data; then the D~Index is calculated as

D-Index = —%— i A&S[)q (ob) - xL<C°""‘\°')1

It is the sum ‘bf‘absolute vdue of differen=
ces of observed and computed annual peak
flow series divided by mean of original
series,

Data Used For Study

Analysis is made for ten annual peak flow
series of ten Inaian rivers (Table 1)
representing different hydrometeorologimml
conditions and length of data. Of these,
four are in Cauvery basin representing
Deccan semi-arid hydrometeorclogical
condition, three in Brahmaputra basin
representing north-east Indian humid
monsoon climate with high gnnual rainfall
and raine-forested hilly catchment area
and three namely Sutlej, Yamuna and

Gariga which are all Himalayan snowfed
northeIndian rivers, The statistical
parameters (Table-2) are found out for
these rivers and shows that the coeffici-
ent of skewness varies to a great extent.
Out of these ten rivers, four have been
selected one from each category depending
on hydrometeorological condition and
coefficient of skewness = nz: 1,041
for Butlej at Bhakra, 1.229 for Cauvery
at Chunchunakatte, 1,771 for Ganga at
Hardwar and 2,746 for Pagladiya at N.T.
road crossing, for detailed analysis.




TABLB- 1 + Details Showing The Rivers With Site, Period AndHaxim\nODBCrVOC

0 M

Sl, Name of river with Period of No, of Value in Year of

Station of Obs, recof’d yea:r;f MS  Sec Oceur.
1e Cauvery Basin:
a) Kabini at Hullahally 1918-74 . 57 4132 1961
b) Hemavathy at Akkie- _

hebbal 1918-74 57 2982 1924
c) Cauvery at Chunchana-

katta 1918-74 57 2882 1924
4a) Cauvery at K.R, Sagar 1938-72 35 6205 1961
26 Brahmaputra Basin ¢
a) Desang at Nanglamara 1957-=78 22 1059 1969
b’ Puthi-ari at N-T. Rd.

Crossing 1955«75 21 861 1973
e) Pagladiya at N.T. R4.

Crossing 1957=77 21 4532 1977
3. Yanuna at Tajewala 1924-60 37 15979 1947
4, Sutlej at Bhakra 1912=55 44 9200 1951
5. Ganga at Hardwar 1901-65 65 19130 1924
TABLE - 2 3 Statistical Parameters of Annual Peak Flow Series (Natural)
Sl. Name of river with Station Mean S.D. Coeff, of Coeff, of skewness
Ho, of obs, (%) () var, (Syx) (Cax)

(v/secy (/s

1. Cauvery Basin
a) Kabini at Hullahally 1281,29 673,19 0,5254 2,496
b) Hemavathy at Akkihebbal 1131.28 491,21 00,4342 1,544
c) Cauvery at Chunchanakatte 1335,35 463,56 0.3471 1.229
d) Cauvery at K.R. Sagar 2640,91 1142,46 0.4326 1,473
2. Brahmaputra Basin :
al Desang at Nanglamara - 778,73 94.89 00,1218 1.158
b) Puthimari at N.Il. Road 486,00 216,25 0.4495 0.747
c) Pagladiya at N.l. Road 1035.66 942,92 00,9104 2,746
3. Yamuna at Tajewala $531.08 3849.14 0.6959 1.264
4. Sutlej at Bhakra 3936,02 1670.39 0,4244 1,041
5. ﬁenqa at Hardwar 6123,23 2835,31 0.,4630 1.771

RESULL AND ANALYSIS

The peak f£lood series of four rivers
namely Sutlej at Bhakra, Cauvery at,
Chunchunakatta, Ganga at Hardwar and
Pagladiya at N.T, Road Crossing has bem
utilised for tlocd frequency with Log
normal, Log Pearson Type III and Extrems
Value (Gumbel) distribution. The method
0of moment and method of least square has
been used for parameters estimation for
three distribution mentioned above, T
method of mixed moment has been used for
LP Type III distribution where as method
of moment with sample size correction
and method of maximum likelihood have
been used for Extreme value d%stributi.on.
The expected peak floods in m°/sec for
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revurn periods of 100, 200, 500, 1000
and 10000 years have been computed.
results are tabuleated in Tables 4,5,6

and 7,

The

For Sutlej at sSnakra, Cauvery at Chunche
unakatte and Ganga at Hardwar ths Cg for
natural series is positive and varies
from 1,041 to 1,771 and the Cg for log
transfomed series varies from 0,194 to
0.358, As per standard criterie of FRG
Log Pearson Type I1I distribution is .
appropriate for these three rivers, Tae
results in table 4,5 and 6 using differ-
ent methods of parsmeter estimation are
of same order of magnitude. The variae
tion in expected peak values by Aiffer-
ent distributions is mostly dus to basic




TABLE - 3 3 Statistical Parameters Of Annual Peak Flow Series (Log Transformed -

With Base E)

Sl., Name of river with Station of Mean s.D, Coeff, of Coeff, of skew-
Bo, Obs, () (T var, (Cvy) pess (Csv>
1, Cauvery Basin :

a) Kabini at Hullahally T.060 0,415 0,058 0.849

b) Hemavathy at akkihabbal 6,951 0,398 0,057 0,208

c) Cauvery at Chunchanakatte 7.144 0,323 0.045 . 0.358

d) Cauvery at K.R. Sagar 7.801 0,392 0.050 0,419

2, Brahmaputra Basin - -

a) Desang at Nanglamara 6.651 0,117 0.017 0,737

b) Puthm&ri at N,T. Road 5.097 0,426 00“9 0,375
c) Pagladiya at No'l'oROad 6.6‘9 0.791 00119 -001‘6

3. Yamuna at Tajewala 8,410 0.641 0,076 0,363
T4, Sutlej at Bhakra 8,19 0,407 0,049 0.194

8,629 0,424 0,049 0,205

5. Ganga at Hardwar

difference in two parameter distribu-
tion (log normal and Extreme value) and
Log Pearson type III distribution is a
three parameter distribution and takes
intc account tlie skewness also, besides
mean and standard deviation,

In the method of mixed moment (MXM1)
for Log Pearson type distribution the
coefficient of skewness is estimated
using mean and standard devhtion of
natural series and mean of Log trans-
formed series, and as such the results
using MXM{ tend to be somewvhat differ-
ent than MM & MLS, However for the
selection of appropriate discribution
and method amongst different combina-
tions it 1s necessary that some test of
gocdness of fit is adopted.

For the river Pagladiya at N.T.Road
Crozsing tor natural peak flood series
Cvx ®» 00,9104 and Cgx= 2,746 while for
log transformed series Cyy= 0,119 and
Cgym =(,146., As per FRG Criteria for
this casa Pearson type III is approp=-
riate. Therefore, for the data of this
river besides the three distributions
adopted for other rivers, Pearson type
III distribution was also tried. The
results are given in table. 7, In this
case, as Cg for naturazl series is quite
high in comparison to Gumbel distribu-

As such the expected peak flood obtained
from extreme value as well as LN ais=-

tribution vary significantly from those

for LP type 111 and Pearson type III
distribution, Computed £l00d values
for different return periods, distribu-
tions and methods ofparameter estima-.
tion are also plotted in Fig. 1, The
D-Index was computed for goodness of
fit test by considering all 21 values

as well as by considering 7 highest
values wh}ch exceed the mean value of
1035.66 m~/sec for peak flood series.
These are give n in Table 8, It is
seen that though on the basis of D=
Index for entire series, Lognormal (MM)
is a better fit, however, on the basis
of seven highest values Pearson type III
(MM) is the most suitable. Since Low
values of peak floods are relatively
less important from thepoint of view of
extrapolation, the Pearson type I1I
distribution is considered most approp-
riate for peak flood series for r.dver

Pagladiya.
COONCLUS IONS

'ne common probability distributions
used for flood frequency analysis are
Log normmal Extreme value type I, Pear=
son type I*.I and Log pearson type III,
The coefficient of skewness is an import-
ant parameter for gelecting appropriate
distributions, The extreme value dis-
tribution which i8 a two PJarameter
distribution is suitable for peak flood
series with Cgx approximately equal to
1.139, while the log normal distribu-
tion is appropriate for series having
Cgy nearly equal to zero for log tmans-
formed values. For Cgy greater than
sero, log Pearson type III is suitable.
For Cgv {oPearson type III distribution
could be adopted with appropriate corr~
ection of Cgy value as per FRG practice,
The method of moments, method of maximum
likelihood, method of least squares and
method of mixed moments 1) are used
for parameter estimations. The suita=-
bility of a particular method of parse
meter estimation could be decided by
appropriate test of goodness of fit such
as D-Index spproach.




TABLE - 4 ¥ Expected Peak Floods (-3/sec)¢fbif.£erent Return Periods for River

Sutlej At Bhakra

3.

Distribution Method 100 yr 200 yr 500 yr 1000 yr 10000

YL

Log Normal MM 9350 10350 11700 12760 16480

MLS 91755 10850 12355 13500 17640

Log Pearson MM 9900 11100 12900 14280 19550

Type III1 MLS 10350 11705 13620 16130 21045

MXMY 9395 10320 11530 12430 15380

Extreme value MM 9180 10080 11280 12180 15180
Distribution MM* 9830 10200 11320 13185 -

: MLS 9690 10675 11980 12960 16230

MML 8840 96 90 10820 11670 14500

- 5 1 Expected Peak Floods (ma/sec)fé‘Different Return Periods For Kiver Cauvery

TABLE
at Chunchanakatte '
Sl., Distribution Method = 100 yr 200 yr S00 yr 1000 yr 10000yr
1. Log Normal MM 2680 2910 3210 3440 4210
MLS 2780 3030 3355 3605 4460
2. Log Pearson MM - 2920 3240 3690 4060 5420
Type 111 MLS 3020 3370 3860 4260 5760
MXM1 2880 3150 3500 3770 4630
Extreme value MM 2790 3040 3370 3620 4460
Distribution MM 2940 3040 3350 3860 - b
MLS 2910 3180 3540 3810 4700
MML 2680 2910 3220 3450 4220 ‘
TABLE - 6 : Expected Peak Floods (m3/sec)0fD1fferent Return Pefiods For River Ganga }
At Hardwar
Distribution Method 100 yr 200 yr 500 yr 1000 yr 10000 yr
Log Normal MM 14950 16670 18950 20730 27060
MLS 15490 17280 19725 21650 28510
log Pearson MM 16000 18100 21100 23500 32720
Type III MLS 16570 18835 22060 24685 34755
MxM] 16150 18030 : 20510 22380 28580
Extreme Value MM 15020 16560 18580 20120 25210
Distribution MU 15850 . 16460 18310 21400 -
MLS 15490 17110 19230 20840 . 26170

MML 14010 15390 17200 18570 23120

1“N‘ 2 3 4 56 78903 2 8 4 56789104
RETURN PERIOD IN YEARS
FIGI-VARIATION OF PEAK FLOODS OF RIVER PAGLADIYA AT NI ROAD CROSSING
FOR DIFFERENT RETURN PERIODES WITH DISTRIBUTIONS AND METHODS.




TABLE « 7 « Bxpescted Peak Floods (m3/ssc)°fDifferent Return Periods For River
Paglacdiya At N.T. Road Crossing

81. Distribution Method 100 yr 200 yr 500 yr 1000 yr 10000 ¥
&.
i. Log Roxmal MM 4860 5920 7520 8900 14630
NLE 5640 6980 9040 10840 18560
2. log Pearson ) 4470 5320 6550 7960 11500
type III MLS 5135 6200 7765 9070 14250
M1 5080 6100 7480 8540 12170
36 sxtreme Value ) 3990 4510 5180 5690 7380
Distribution MM 4630 4860 5540 6670 -
. MLS 4170 4700 5410 5940 7710
ML 3040 3400 3870 4220 5400
4. Pearson Type nm 4760 5570 8660 7495 10300
I1I MLS 5670 6660 7950 9000 12425
TABLE « 8 3 D-Index Values of River Pagladiya For Different Distributions & Methods.,
F Val
Distributions M MLS HaM] PO 13
1. LN 2,811 2,962 - , = 12,177 2,231
g. LP Ty XI 2,881 3.059 4.125 - 2,240 2,324
. BV
{(Gumbel) 5,111 5.624 « 3,32712059 3,361
4. Paarson
Ty III 3,351 3,830 = - 2,130 2,530
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watershed is to study the orogra=
rric precipitatich gradients. The
model algorithm describing the var=
iation of precipitation with eleva-

tion of precipitation with elevation

and temperature is calibrated by compa=
ring calculated snowpacks at various

time intervals with the snowcourse mea=
surements, as shown in figure 2. The
complete comparision during accumulation
and depletion of snowpacks requires es-
timation of precipitation by elevetion
the form of precipitation, rain or Snow,
and the snowmelt occurring at various
times, The temperature lapse rate is
therefore an importsnt ingredient in ,
this part of the enalysis, influencing
both melt rates and orographic gradients.

Reconstitution of outflow hydrographs is
the next stage of model calibration and
two example which have been presented ‘
in detail,

Previously, Q:ick and Pipes (1975 and
1977) will be briefly outlined., The
Jordan River example, fig.3, illustrates
the considerable improvement which 1s
achieved by using temperature based sn=
owmelt equations which account for adde
itional radiation melt and condensation
melt components, For comparigon, the
melt calculated from only the mean air
temperature is plotted, In periods of
extreme snowmelt, the melt rate can be
approximately double the rate that mi=
ght be estimated from mean temperature
alone, For the example given, plots of
temperature and precipitation at a base
station are presented for comperison
with the outflcw hydrogreaph.

In another example illustrated in fig,
4, for the _pillimacheen River, an ea=
riier paper, Quick and Pipes (1977),
discussed and compared the accwracy att=
ainable using different single data st-
ation and combinations of date stations.
None of the data stations were in the
watershed, One valley data station ex=-
hibited far less precipitation than the
mountain stations, varying in frequency,
dwration and amount. The study showed
_that the nearest station, which was al-
so near the mid-elevation of the basin
and in a similar climatic zone, gave
the best results, superior even to a
combination of stations, Such a mid-el-
evation station reduced data extrapolat-
ijon errors and is more representative

of amount, duration and frequency of

precipitation and of the actual basin
temperature regime., For the data tested,
the errors of maximum peak flow, month-
1y volumes and hydrograph shape, meas=
ureq by residual variance, were all less
than 5 percent,

Iv—47

Conclusions

‘the rout

Mountain watershed modelling is simpli-
fied by orographic effects which imposes
a discipline on tke precipitation and
snowmelt patterns.

The orogrsphic effects are non+dinear,

but can be described in terms functional
relationships involving temperature and
saturateds and dry adiabatic lapse rates,
These relationships are used to distribu-
te point metegPe~logical data to all parts
of t he watershed, . T

The response of the watershed ijself is e
also non-linear, but in the UBC Watershed
model these non=linearities are restri-
cted to the scil moisture budget section,
which subdivides rain and snowmelt into
the various components of runoff, These
components of runoff are then routed to
the basin outflow point using linear rou-
ting techniques, ‘This linearisation of i
section of the model is & gr=
~at simplification and makes considerable.
computational economies, )

The examples of model calibration are used
to i1llustrate the flexibility and capabi=
1ity of the model. In particular, the
snowmelt formulation, which has addition=
al temperature terms to represent radiat~
ion and condensation effects, is shown to
account for high melt rstes with greater

-accuracy than the simple degree day meth=

od. Given tepresentative input datae, pre-
ferably at mid-zlevation of the watershed,
the results inai ate that the modelling
assumptions appear to be adequately rea=—
1istic for flow forecasting purposes,
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The increase in peak discharge necess-
itates a general modification of the
normal unit hydrograph which is arbit-
rarily carried out and volume adjusted
for 1 cm. of runoff. The unit hydro~
graph so obtained has been taken as a
design unit hydrograph and its ordinat-
es are given .in Table,2.

PROBABLE MAXIMUM PRECIPITATION

In mountaineous areas, transposit-
ton of storms is limited to regions of
similar orographic influences. In the
absence of a detalled meteorological
analysis transposition of storm from
outside the basin is not justifiable
(CWC 258, 1972)., It has been found:
that the highest areal rainfall for
the catchment upto Tajewala was sever-
est during 27=-30th September 1924 and
is the biggest storm in record. Isohy-~
etal maps for this storm have been
provided by I.M.D., the extract of
which is shown in Fig. 8. Average
depth of precipitation for 2 days; that
is, 28-29th September 1924 has been
determined by planimetering the areas

" between different isohyets and this

works out to 35.3 cms.

1

F1G.8 ISOHYETAL PATTERN 28-29th
SEPT. 1924,

Storm Maximisation

The factors which affect the rain-
fall are ¢ (a) tte mechanical efficien-
cy of the storm in changing water vap-
our ard droplets of ths atmosphere
jnto rain and (b) the moisture content
of the rain producing air mass involv=-
ed in the storm.

As regards mechanical efficiency of
the storm, it can not be evaluated,

‘1t is" therefore assumed that the rain~

fall producing mechanism or process in
these outstanding historical storms wms :
highly efficient and is very likely : 3
near maximum efficilency. 5o only the ‘f
account for the second effect, is done :
through moisture adjustment factor,MAF. - -

Maximum_precipitable water over
5torm preprffaSii
wateT.

This factor also includes the correction
due to inflow barrier. .

The dew point data is available only for
Chakrata station and this is taken as a = =
representative of the whole basin. oo

mputations Of MAF Stg re
g;e;.. R N

Dew poinf temperature on
28-29th September 1924

Elevation of Chakrata c L )
station (Taken from survey .. - C
of India maps) =-T7170 feet,
Equivalent dew point

Temperature at MSL for
11.67 °C at elevation

MAF =

S s -

= 11,67 Pc .

7170 ft. . = 2,25
Depth of storm precipi- '

table water st 21.2°C i.e. . :
1000 mb to 300 mbe s 2,28 inch

Dapth of precipitable water
at inflow barrier (1000 mbs

to 4000 ft. ) = 0,78 inen.
Precipitable water = 2,28 -0.78
(4000 ft. to 300 mbs) .= 1,5 inch

Maximum precipitsble water
Maximum dew point temperature at :
MSL for 17.220c at els vation

7170 feet. = 26,00 %
Depth of cipitable
water at %36

Depth of precipitable water
at inflow barrier (1000 mbs :
to 4000 feet) . = 1,09

Precipitable water (1000

] 3.42 M

mbs to 4000 feet) - 2,37 't
2,37 .
_-’ 1.58

Probable Maximum pPrecipitation

The PMF rain depths for 2-day :
duration is obtained by multiplying the
aver age rainfall depth by MAF which B
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ABSTRACT

In many developing countries, the need to produce more food, fibre and shelter
has caused many watersheds to undergo rapid land use changes altering drastically
its hydrologic characteristics such as peak and low flous, Predicting the hydro-
logic charscteristice of thsse trensitional wvatersheds has always posed problems
mainly because of the difficulties in including the land use either directly or
indirectly in the rainfall..tunoff modelling.

r mainly the volume of runoff as well as its time dis-
tha affect of different land use pattern on the above
orest, an urban and a rural-vers selec-
1 hydrologic model proposed by Chow and
off relationship., At first the mode
having different land use patterns.

The land use changes alte
tribution, In order to study
characteristics, three typical watersheds-a
ted in the high hills of Bhavani, The genera
Kulandaiswamy was used to model the rainfall-run
was applied to a paired experimental watarsheds

fall excess volume was mainly dependent. upon
the rainfall volume, soil moisture condition and the land use pattern, and the model
parameters varied with the delay tims, td. , tha time between the end of rainfall

excess and the end of surfacs runof? and independent of land use pattern. Assuming
that these results are esgually applicable to the subwatersheds which are lying in
the same hydromstsorological environs, the runoff characteristics of thsse vater-
sheds vere analysed with 119 storms selected from the three basins, Using the
results, an attempt is mads to predict as to how the hydrograph of a rural vatershed
for a given rainfall gets altered when it is either urbanized or afforested.

This s.ugy revealed that the rain

1. INTRODUCTION incrsase in the rainfall axcess volume
' by 32% in the immediate season and this
valus was found to reduce with the

Drainage basins are to-d sub-
ge ba a ay su growth of plantations in the subsequent

ected to many t s of planned and un-

gl-nnod changzs :ﬁgch afge:t :hggr s seasons, Ffor the watershed in transi-
hydrologic characteristics, A change tion, the rainfall excess volume was a
in land use or cultural practices may function of rainfall volume, soil mois-
have aither a beneficial or an adverss ture condition and a transition factor -
offect on water resources, The hydro- reprasenting land use changse. Th;s‘
logical effects that appear to be imp- watsrshed was modelled using the 3-co~
ortant as far as land use changes are afPiciant surface runoff model of Chow
concerned can be listed as follows: and Kulandaisvamy (1,2,3) for the sur=
a) increase or decrease in water yield, face runoffs

b) increase or decrease in peak flow, b D+l

e} increase or decreasa in low flow, -b, D+

d) change in surface water quallty, alt) = i(t) (1
o) increase or decrease in qround . N 02+|°D .1

water flow and f) changes in ground

water quality.
vhere q(t) is the_surface runoff hydro-

In an sarller investigation (4), graph ordinate (m3/day or ca/day), i(%)
hydrologic data collscted from a pai- is the effsctive rainfall rate (cs/day),
red experimental watersheds-ons defo- a o a. and b_ are the model paramsters
rested and plantsd with blue gum trees o' 1 °
itt:nzitiognl vatershad) and the other (day, day2 #nd day respectively) and D

sp n original state - were analysed. is the diffsrential op :
perator (d/dt).
The land use change causad by the . The model paramsters a , . and b° vers
o

growth of bluequm tress indicated an




found to vary with the delay tims, t

4
the time from the end of the rainral?a
exceas to the end of the surface run-
cff and independent of the land uss
changes. This study vas now sxtended
to actual watersheds in the same hydro-
logic snviron consisting of forest
watershed (Mukurthy-25,25 Km2EL=2150m-
2700m) agricultural watershed (Kateri-
54,755 Km2 EL=1800m=2200m) and an urban
uatershed (Coonoor-44,03 Km2 EL=1600m-
2150m), The effect of urbanization and
afforestation of the agricultural water
shed vas invoestigated on the rainfall
sxcess volume and time distribution of
surface runoff, namsly pesak q_, and time
to peak tg. p

2. DATA ANALYSIS

Five years of daily rainfall and
flov data (119 storms) wers subjected
to analysis, The separation of base-
flow is shown in Fig.l., Reproduction
of flood hydrographs is mads using 3-
coefficient runoff model (2) as shown
in Fig.2. Based upon the hydrologic
featurss of the Bhavani basin the year

FiG.2 PLOTTING OF OBSERVED AND COMPUTED
RUNOFF FOR THREE WATESHEDS
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3., EFFECT OF AFFORESTATION OR
URBANIZATION ON RAINFALL EXCESS
( SURFACE RUNOFF VOLUME)

The rainfall excess of a glven
storm is intimately rslated to the
atorm characteristics as well as to
the infiltration characteristics of
the watershed. The infiltration chs-
racteristics ars mainly related to
the wetness of the soil prior to the
storm, the type of soil and the land
use to which the watershed is subjec~
ted to, This concept can be expresssd
by the following Punctional relation-
ships
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‘;’ «F ’ g type of land
‘ r
v a use) (2)

vhere F, TePresents abstractions, Rv’

is the volume of rainfall, SMI is the
s0il moisture index, r; is the average

rainfall rate, TG is the time to the

centre of gravity of the rainfall area
and T is the duration of rainfall,
From ths observed data, curves wers
drawn betuesn FV/Rv versus TG/T with

SNI/:. as parsmeters for all ths three
watersheds. Subtracting Fv and Rv »

the volume of rainfall excess is arri-~
ved at. In the case of forsst water~
shed (Mukurthy) a single set of curvea
wers obtained (Fig.3) while in the cass
of urban (Coonoor? and rural (Kateri)
watersheds two sets of, curves, for
monsoon and non-monsoon ssparately,
vere prepared (Figs., 4 to 7)., Assu-
ming that the rainfall excess curves
obtained for one vatershed can be
inter-changed with the others, dspen-
ding on the land use to which the
vatershed is subjectsed, the rainfall
excess of the rural watershed wvhen it
is completely urbanissd or afforested
can be computed. Ffor an assumed rain-
fall excess of Scm in the rural water-
shed, {Fig.B), it is observed that
thare is an increase of 494 in rain-
fall excess, if the watershed is urba-
nised and a decrease of 204 in rain-
fall excess if tho watershed is affo-
rested as indicated in Fig,8,

4, EFFECT OF URBANIZATION OR
AFFORESTATION ON TIME DIS-
TRIBUT ION OF THE RUNOFF

For obtaining the distribution of
surface runoff, the 3-coefficient
model (Figs, 9 and 10) is used, The
coefficients a , . and b were esti-

mated for the rural watershed for a
number of storms and average values of
these cosfficients are computed, Thas
model parameters 8,5 8, and b, , vers

assumed to have the following func-
tional relationshipss

8 = r (A,L, VS, Re, t )

da
o, =f (AL V5 Re, t ) (3)
b = f (A,Ly VS, Re, t )
[+] da

where A is the arsa of thse vatershed,

Vi—s

8 length : RNNeL,
S'1s the average slop “the -main cha
nel, Re is the‘slongation ratioc of the
basin and tda is the average time delay
of the basin, By a study of LI 1 and
bo with the wvatershed characteristics

and the time delay, ths following rela-
tionships fer the three watersheds vere
obtained,

a =K AL

t
¢ *d
° ° Re V§ y

a L
8 = K} —— . by, (4)
Re V5

b = K AL t
* 7d
® 2hew 8

Knowing the values of A, L, Re and S,

t and a , a, and b, the cosffi-
da o 1 o
cients, Kﬂ’ K1 and K2 in the above squaw

tions can be computsd for different
types of land uses, Using the valuss

KU' Kl and Kz of the urban watershed

(Coonoor) the values of the parameters
a, a; and bo weres computed for the ru=~

ral wvatershed (Kateri) in order to study
the affect of urbanisation on the time
distribution of surface runoff and time
to peak. Similarly using the values of
KG’ Ky and K2 of the forest watershed

(Mukurthy) the valuas of the paramatars
a , 8 and b° wears comput.dvfor the rue

ral watershed (Kateri) to study the
gffnct of afforestation, Tha model pa-
ameters 30 svaluated were used in the
3~coefficient model (Figs, 9410) and
the time distribution of surface runoff
is computed, Totally 30 storms, 18 from
the monsoon period and 12 from the non-
monsoon period of the rural watershed
wers used., Ffrom thess studies, it is
found that thers is an increase of 107%
in the surface runoff peak if the vater-
shed is urbanised and 80% decreass in
the surface runoff peak if the watershed
is afforested for an assumed peak of
1.0 cm/day in the natural condition
(rural) (Fig,11). Further it is ®ound
that there is a decreass of 17€ in t
tims to peak if the watershed is urba-
nized and an increass of 28% in tp ir -

it i{s afforested, for an "assumed value
of 2,5 days in the natural condition
(Fig.12). By using the above procedura,
any mixed watershed consisting of urban,
rural and forest can be modelled and the
effect of land use changes on ths stream

ey



flow can be predicted, 3« Chow, V,T, and Kulandaiswamy, V.C.
(1971), A general hydrologic model,

5. CONCLUSIONS Jour, Hyd, Div, Proc., Am, Soc.Civ,

Engrs., Vol, 97, No,HYSs, (June 1971),
From ths modelling of the three PP.791-804, '

typical watersheds -~ a forest watershed .

(Mukurthy), an urban watershad (Coonooz) 4. Jebaraj, S., Chinnamani, S., Babu

and an agricultural watershed (Kateri) Rao, T. and Sakthivadivel, R.(1981),

using Chow and Kulandaisuamy 3-coeffi- r . Modelling of an Expsrimental Water-

ciant model(3), the fallowing canclue. shed in transition, International

sions wvere arrived ati Symposfum on Rainfall-Runof?f
Modelling, May, 1981, Mississippi,

UQs.A.

i) The three coeffigient model propo-
sed by Chow and Kulandaisvamy pre-
dicts the flood hydrographs con=-
tinuously for the entire ssason -
fairly well for different types
of land uses such as forast,
rural and urban eteg.

ii) There is an increass (49%) in
rainfall excess if the rural water-
shad is urbanized and a decreass
{20%) in rainfall excess if it is

. afforestad,

i11) The modol’parametlra'ao, s and b°

are rslated to the physical cha-
racteristics of the watershed and
time delay td.'

iv) With the urbanization of rural
watarshed the surface runoff peak .
is found to increase {107%) and '
with the afforesstation of the
sams watershed, the surface ryn-
off peak is found to decrease
(80%) for a paak of 1.0 cm/day.

v) With the urbanization of rural
wvatershed, the time to psak (t )
is found to decrease by 17% and
with the afforastation of the
same watershed, t_ is found to

increass by 28%. P

vi) The methodology suggested can be

- axtended to study the effect of
land use changs in a mixed vater-
shad on its hydrologic characta-

ristics,.
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ABSTRACT

The demands of water in various spheres of life, and its insufficient

ng countries, has .

supply to fulfill these demands, specially in the developi A
become day by day & great chellgnge to the hydrologist. In such a situation
it becomes imperative to search s suitable methodology which can bs used effi-

ciently to predict the stream flow

Recently Remote Ssnsing techniques have becoms a mor

s using minimum ground data, time and funds,

e populer and suitable tool

for such studies, Keeping in view this aspect of the problem, an analysis

of Upper Yaruna Catclwent, using Landsat imagery, was
catchment characteristics which affect stxeam flows,

carried cut to obtain the

Landsat imgery in Bands
and vegetal cover

S and 7 on 131 million scale were analyaed to get landuse
4 thin forest (iii) bare land &

clagsification in categories (1) thick foreat (ii)
cultivation, and (iv) snow cover. Using this datas,

alongwith rainfall data

from 20 reaingauge stations and stream flow data at Dakpather and Lakhwar, the

stresm flows were estimated by usi

ng Lumped system and Distributed system

Models besed on Rational Method. The computed 10 day period stream flows of
Tons sub-basin were compared with observed surface flows with the help of

hydrographs, £
€low values.

low comparison graphs and average monsoon pariod and monthly
Using the cosfficients evalunted from Tons sub-basin, the stream

flows Gor Yemuna sub-basin were computed and compared with the observed surface

flows,

INTRODUCTION

Water is life, as it serves the
living beings in different and count-
less Wways and its demand is increassing
with the incresase in population, deve-
lopment of industries and improvement
in living standards. The planning,
design and management of water resour-
ces systems is getting more complex
due to the conflicting demands of rapid-
ly increasing population pressures on
the limitsd water resources. Most of
the developing countries have agricul-
tural baged economy, which is highly
dependent on watsr, For expediat
development of thase countries, the
development plans have to be besed on
proper appraisal of water resources &
optimal planning for their uses. How-
ever, adequate data for hpdrological
studies are seldom found easily avail-
able. Non-aveilability of required
information and limited time and fund:
place a hyérclooist in a very difficule
situation, while evaluating the water
resourcea. In such a gituation, it
bacomes imperestive to search for s
suitable methodclogy which can be used -
efficiently to predict the gtream flows
using minimum ground date, tima and
funds, -
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Under such circumstances, the re-
mote sensing techniquas appear to be the
only tool available to the hydrologist
in getting the required uptodate and
reliable hydrologic infommation with
greatsr speed and better sccuracy.This
paper deals with hydrologic study of
Upper Yamuns catclment, upstream of Dek-
pather, with the help of remote sensing
technicues, in order to evaluate the
suitability of these technigues for
determining the stresmflows of ungauged
streams, with large catchments, A number
of approaches heve been tried to predict
the surface runoff of river Tons using
aerial photographs and LANDSAT 1 image-
ries and precipitation data collected
from the ground and then thase values
have bessen compared with cobserved surface
runoff ofrd ver Tons at Dakpatler, in
form of hydrographs, Then the values .
of various runoff coefficients, assign-
ed to different slope &nd vegetal cover
response units, have been usad to com- !
pute the surface runoff in the ad joining
subcatchment of river Yamuna, and com-

- pared with the observed surface runoff

at Lakhwar.




UPPER YAMUNA CATCHMENT

The catchment area of Upper Yamuna
upstream of Dakpather Barrage, lies
approxims tely betwaen the Longitudes 77
30' to 78°30' Zast and Latitudes 29°
19' to 31935" North, as shown in Fig.l.
The avedl extent of this catchment is
apout 7627 sq.km., and it is divided
into two main sub-catchments of river
Tons upto Dakpather (ares about 5443 sw,
km) and river Yamuna upto Lakhwar (area
about 2184 sq.km).

Tons, a major tributory of river
Yamuna, springs from a height of ovaer
5200 m from the right flank of the
Bandarpunch glacier and winds its way
through a narrow valley, for a distan-~
ce of about 160 Ym, to meet the Yamuna
at Kalsi, nearly 2 km upstroam of the
Dakpather Berrage of the Yamunz Hydel
Schame, Tons is a snowfed river and
as it flows down & numbar of tributo-~
ries join it, of which Supin, Rupin,
Pabar, Shalugad and Meenas are well
known. Many of these tributorias are
enowfed in their upper reaches and as
such rivar Tons has a perennial flow,
arout twice as much as that of river
Yamuna,

Yamuna originates from ths south
flank of Bandarpunch glacier beyond
Yamnotri, and as it flows down, it is
joined by a number of tributorias upto
Lakbwar f{about 20 km from Kalsi), of
which Hanumanganga, Xamala, Khutanugad
Sorigad, Paligad, Bedyargad, Banaligad
.and Aglar are well known. Like river
Tons, Yamuna and some of its tributo-
ries are snowfed in theif upper reach-
e3, resulting in a perennial flow.

BEoth the sub-catchments of Tons
and Yamuna have very steep valley
slopes, with hills on both sidee ris-
ing upto 500 m above the riverbad &
and the pronounced orographic features
favour a quick runoff, The avarage .
rainfall varias in the Tons sub-catch
ment between 1250 mm to 2000 mm and in
the Yamuna subcatchment bestween 1000mm
to 2000 mm, while the maximum tempera-
ture, in either case, is about 350¢C,
Precipitation data is available from
16 raingauge stations for the Tons sub-
catchment and from S§ raingauge stations
for the Yamuna subcatchment, &s shown
in Figure-l,
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BEVALUATION OF HYDROLOGICAL PARAMETERS

To get information about hydrologi-
cal parameters such as vegetal cover and
land use €for the two subcatchments of
river Tons and Yamuna, LANDSAT-1 image-
ries (at an enlarged scale of 1¥250,000)
were availabla,

Four cataegoriaes of vegetal cover &
land-use 1.8, Snow cover, Thick forest,
Thin forest, and Bare and Cultivated
land ware delineated from the LANDSAT
imageries on to the base map at 11250,
000 scesle, The areal extent under these
catagoriss ware computed in the influsnce
sones of each of the raingasuge stations
(16 nos for Tons subcatchmant and S nos
for Yamuna subcatchment) for 3 slope
facets (I-above 3000 m, II-above 1200 m
and IIl-bslow 1200 m) so as to include
the slope facet influencas on surface
flows. :

The overall percentage areal dis-
tribution of vegetal cover and land-use
categories in the two subcatchments is
agiven in Table-1,
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Table-l : Aresl Extent (X) of Vegatal c°vorvand Land-usa Categories

(from LANDSAT Imagery)

Categories -~ Bare and Culti- Snow
Sub~ Thick Forest Trin Forsst wvated land cover
catchment .
TONS 41,6 4.4 6.1 17.9
YAMUNA 59.9 26,1 7.9 6.1

SSTIMATION OF STREAM PLOWS AND THEIR
ANALYSIS

The streem flows for Tons sub-
catchment durincg the monsoon period
{(June to September) for the year 1972
to 1975 were computed using different
approaches, Thesa rasults were compe
ared with the observad stream flows
at Dakpather and the methodology was
tested on Yanuna sub-catchment during
the monsoon period for the years 1974
and 1975, in order to test the relia-
bility of stream flow prediction, The
methodolngy consisted of tta following
stepst

1. Analysis of observed rainfall and
flow data of Tons and Yamuna sub-
catchment

2. Computation of runoff coefficient
for differant types of vagstal
cover am land-use catsgories on
different slope facets,

3. Computation of stream flows using
Lumped System Model (catchment as
one unit) i.e, I approach,

4. Computation of stream flows using
Distributed Systam Model (sub~
aress division by Thisssen Folygol
neglecting slope facet offactlx
i.e, II approach,

S, Computation of stream flows using
Distributed System Model (subareas’
division by Thiaessen Polygon, con-
sidering slope_ facet effecta)i.s.
II1 approach,

6. Comparison of efficiency of diff=-
ersnt approachas by analysis of
computed stream flows va obasrved
stream flows, :

a, Bstimation of Stream flows in Tons
Sub-catchment

(1) The adequacy of raingauge

.stations was determined by analysis of
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available 10 day period total rainfall
data for the monsoon months and it was
found that only 7.25 percent error my
be crused in estimating the aversge
rainfall from the data of 16 raingauge
stations in the Tons sub-catchment. Fur-
ther it was decided to use Thiessen-poly-
gons method for computation of intensity
of rainfall for 10 dey periods, in pre-
ference to Isohyetal method or Two-axis
method, mainly because of the simplicity
of this method.

By analysis of hydrographs of the
observed flow data at Dakpather the
volume of Recharge or Base flows was
determined to be about 27388800m3 per
10 day periods, uniformly throughout
the monsoon months of June to Septambsr.
Using this value, the values of Direct
Observad stream f lows at Dakpather wera
computed for tha 10 dey periods in the
monsoon months ofthe yexrs 1972 to 1975,

(2)" The r off coefficients of
surface flows for various catagories of
vegetal cover and landuse, as well as
slope facets, wers computad by forming
48 observational equetions for the 10-
day periods of monsoon months'of the
years 1972 to 1975, using the well knowr
relationship

F1__2
Q= C,I,A
{=1 17474

where Q = total surface runoff 4in'a
given period over the. sub-catchment, Ty s
runoff coefficient for a given sub-drain-
age area, based on the slope facet and
vegstal cover and land-use category,

I{ = intensity of rainfall in the given
sub-drainage area, and A= the areal
extent of tha given s inage area.

The valuass of the runoff coefficie-
nts, a3 obtained from the 48 obssrva=-
tional squations, were compared with tha
valuass obtained sarlier others(Jain,
8.C., Prasad, M,N,, et 2l), and keeping
into considerstion the changs in the

P L e
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FIGURE 2 HYDROGRAPHS FOR TONS SUB-CATCHMENT
values of antacedent moisture content Table-~33 FflunogfiC:efficignt Values
of the soil in various 10 day periods or PPLoAC
of June to September, as well as the
contribution of slope facet factors, zig:: Fgégt Foﬁgé: :aé’el:?nd gnw
the following two sets of values of t1 uitiva- Cover
runoff coefficients as given in Tables on
2 and 3 were adopted for computing the I 0.25 0,35 0.40 0,45
stream flows in the Tons sub-catchment
by the 3 approaches, as discussed ear- II c.18 0,25 0,35 -
lier, .
) III - 0.26 - -
Table-23 Runoff Coefficients Values
for Ist and 2nd Approaches
ég‘)i f’r’helgaéues ofisgezm flgws
— compu or ay perio rom June
Runoff co- From Ist June From llth tgmgeptember in ’chier ;ear 1972 to 1975, -
efficient to 10th June June to 30th by the 3 approaches were first compared
September with the Direct observed values of sur- -
face flows at Dakpather, &s obtained in '
{1) above,with the help of Hydrographs -
< 0.15 0.30 as shown in Figure-2. Then these value:
were compared by drawing flow comparisor
C, 0.20 0.35 graphs as shown in Figure-3, These .
. values were also compared by computing
C3 0.30 0.40 (i) Total ten daily monsoon period sur-
face flows, and (ii) Average ten daily
Cs 0.45 0.45 monsoon period surface flows and theilr .
standard deviations, as shown in Tables
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Table~4 s Total Ten Daily Burface
for Monsoon Period during t

Plows (10%23) in Tons Sub-Catchment
he years 1972 to 1975,

Year Direct Observed

Computed Total Surface Flows by

computed Flows 10

—

FIGURE 3 TEN-DAILY PERIODS FLOW-COMPARISON
GRAPHS FOR TONS SUB-CATCHMENT
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Surface Flows I Approach 1I Approach I1II Approach
1972 162947 1828,7 1611,5 1608,2
1973 1582.8 2147,3 2073,0 1930,3
1974 1702.8 1635.7 1600,.8 1615,.1
1975 4228,.6 3958,0 4208,6 4124.3
Table-S 3 Average Tan Daily Surface Flows (10%:3) in Tons Sub-Catchment
for Monsoon Psriod during the years 1972 to 1975 )
Year Direct Observed Computed Surface Flows by
1 Approach 11 Approach I1I Approach
Aver-  5td. Aver- std. Aver- sta. Aver- std.,
age - Dev, age Deav, age Dev, age Dav,
1972 135.8 63,9 152.4 77.0 1580.9 86,0 134.0 n.?
1973 131.9 72,1 178.9 97.4 172.8 97,0 160,9 86.3
1974 149.4 115,85 136,3 93.4 133.4 98,7 134,6 88,2
1975 352.4 167.1 329.4 143,9 350,7 159,5 343.7 141,.8
The comparieson of streem flow
values computed by the 3 approaches with
the Direct Observed surface flow values
< . at Dakpether, as discussed above, indi-
caol cated that (i) peaks of the Hydrographs
coo me toched consistently in all the 3 app-
roaches, but there was some inconsigs-
bt tency in t he values computed by the 3rd
: 5204 . approach during the periods Ist June to
'k“" : 10th July, probebly due to the adoption
anel . of only one set of runoff coefficient
‘22“._ e 7 values for the whole monsoon period, &
” vt {11) the values computed by the 3rd
 Soel .. approach were closest to the Direct
reonad - . e Observed Surface Flow values for the
200f P Total monsoon period, as well as Average
8:4« . ot monsoon period and showed lesser fluce
tw S . -t‘ tuations.
g . b * Pty {cv flow Comparisom
8'" se- a4t using I appreach b. Estimation of Stream flows in
o .l’ * Pts for flow Compmisen Yamuna Sub-Catchment
v g.. : g X apphonch
o Pls. for flow campaxiton (1) As the Yamune and Tons-catchments
40 n
AT wrg K approach are homothetic, using the same 3
40 80 130 160 200 245 o S D60 A ADATs BB Tie Gee (40 U approaches and runoff coefficient

values for different slope facets
and vegetal cover and land use cate-
gories, as for the Tons sub-catch-
wment in (a) above, the values of
stream f lows for the Yamuné sub=
catchment upto Lakhwar were comput-
ed for 10 day periods of monsoon
months of June to September for tha

e

3
F
:
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years 1974 and 1975,

{(2) The computed values of the stream
flows, by the 3 approaches, were
compared with the Direct Observ-
ed Burface Plow values st Lakhwar
with the help of Hydrogrephs and
Flow comparison graphs as shown
in Pigures 4 and 5, and by comput
ing (1) Total 10 déaily monsoon
pericd surface flows and (1i)
Average 10 daily monsoon period
surface flowrs and their standard
deviations, as shown in Tables
6 and 7 below.

— Cossved flows ob Lakhwak for Yenuma R
320 | —_ Compuled flows wsmg I appreash

t 299 1 o Compuled. using I approath / R
’E el - (:m;hd {»\M usmg x w
‘e )

€ oo l i ':,u -

o '8 '-..‘v:.-" d

9 '”1

2

g | '

O 40 \

™ n ¢ “.“;‘. > 'Lﬂ * Au.: sl"r ‘
1974 ) 1975
Time in 10 DayiPeriods —»

FIGURE 4 HYDROGRAPHS FOR YAMUNA

: 6.3 SUB-CATCHMENT
Table-6: Total Ten Daily Surface Plows (10°m”) in Ysrune ESube Zatc *
for Monsoon Period during the Years 1974 and 1975 o
Yesr Direct observed Computed Surfsce Flows by
surface flows -
I Approach II Approach III Approach
1974 805.0 921.3 952.8 886.9
1975 1682,6 1786.9 1879,2 1744.3

Table-73 Average Ten Daily Surface
for Monsoon Period during

Flows (106313) in Yamuna Sub-Catchment
the Years 1974 and 197S.

Year Direct Obgerved

Computed Surface Flows by

I Approach II Approach III Approach
Average 8Std.Dec, Average Std.Dev, Average Std.Dev, Average 5td.Dev.
1974 67,1 69.2 76.8 58,2 79;4 63.4 73,9 7.3
1975 140,2 95.1 148.9 70.4 156.6 75.6 145.4 68,1
et
3201 o Pa. §o flew comparison (3) Tra comparison of the Hydrogrephs, »
:::“5 ":“”"‘:.i Plow comparison graphs and Tctal
2e0f * “.",'f" ; QP;":%F“ i Monsoon pericd and Average monsoon
Pt 3 . period flows, as above, agsin indi- N
o Pla. for flew compaxiton. ceted that the results cbtained by

Observed Flows 100 — o
H]

> e >~

‘.° e 130 0 m me 180 38
computed Fiows 10°nf —=

FIGURE 5 TEN-DAILY PERIODS FLOW-COMPARISON
GRAPHS FOR YAMUNA SUB-CATCHMENT

the 3rd approach were the clossest

to he Direct Observed Surface Flow

values and showed comparstively v
lessar fluctuations,

QONCLUSIONS

On the basis of the sbove study
with the limited precipitation & observ~
od stream flow dates, the following con-
clusions have been drewng

(1) LANDSAT imageries at 1 $250,000
scale, provide very good source of
information for genersl vegetal
cover snd land use elassification
for mountainecus areas, as required
for hydrological studies.

1




(11). Thiessen polygon method, hss been
) found to be quite sppropriate for
3. dealing with mountaineous areas
having non-uniform rain distri-
bution.

3 (111) The 3rd approach of using a
Distributed System model with
subarea division by Thiessen poly~
. gon and considering the slope

i facet effects is quite suitable '
for such large siged mountaineous
catchmants, to estimete stream
flows at sites where no streeam
gauge data is available.

s (iv) The values of streem flows
estimated by the 3rd approach
i can be further improved upon by
. (a) giving considerxation to
* ’ increased base flow in the later
e’ months of monsoon reriod, (b)
evaluating the snow-melt contri-
bution during the summer & early
mansoon months and {(c) evaluat-
ke ing substantial yearly changes
: in vegetal cover and land use
: aereal distribution with the help
: of time sequence LANDSAT image~
ries, ’
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Erosion and Sediment Transport in Flashy
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The gtandard techniqumes available for mea

shgerved vaime .The O0me par'e

the non-gchesive soils.

The Pmjab Stzate(India)is 1nfested with
pumerous sphemeral(flaghy)streams Pig.1,

P16.1., Flasu: STREAMS I THE
FUNJAB, DIDIA

R

leoally oelled Ghess(ded material pre-

vi—1

PATHANKOT, PUNJAB, India.

_alluvial stresms eem net precisely be applied
have been outlined in this paper and simple techniques suited to these streams have
been presented.Me data eolleoted from six sandy goil flashy streans have been amal-
~yged for verifigation ef the applicasdility of various sediment discharge formwulae,
mode  of sed iment tramsport amd threshold ve logities for
ghown that the debris flow does mot take plage,gediment is trangported mairly ss
cusvended load amd DuBoys-Straubd formla yields gedimert discharge oomparadble to the

ent threshold velooities which vill not camge chanme 1

erogion remge betwesn 1.22 to 1.55 8’s in rsege of flow depth of 01t m 10 +'.83 m

aud are in clege igreemmt with the For tier-snobey maximum permissidle veloeities far

Ireigation and Power,
Research institute,
PUNJAB, AMRITSAR, India.

ABSTRACT
surement of water and sediment digcharges in

t0 flaghy stresms.These limitations

ohsnmel erogion.It bas bean

INTRODUTT ION

~dominsntly sand)and Khads{bed material
sompriging,mixture of large cobbles,
gravel and gandjemanating froms the foot-
-hills of the outer, Himalayas.The phys-
-ios of thege flaghy sireams 1is quite
distinct from that of alluwvial streams,
vig;drainage basins are sm1l,flow only
in the mongoon seasom(June te Septesber)
or dwe to winter (Jamuary-February)fre-
—shets otherwise these remain high and
dry,short dwatian but instant rise in
flood peaks,stesp bed slopes,high rates
of sediment trangports causing abrupt
ehanges in bed profile,ete.In their
drainage hasins the almost complete
denuding of the hill slopes has cauged
vegetation to fall to less tham 10 t/
and sediment yield to rise to about
15000 t/Kwf /year ,These flashy gtrezms
fan 6wt into plaing and during times
of abnormal floods thege spread sand
deposi ts on otherwige fertile lands
resulting into frequent migration of
séttlomuts.Thus,in an offort to mode~
-rgte the flood pesks and to reduce
associated flood damsge and also to
moet the ever increasing demmnd for
water to sstaip the humenity,attempt
1g being made to harness these flashy
streams by consﬁ'mw smallreservoi-
-rg{capacity \» 100 g.m such reger
-voir with & gross storage capacity of
31.45 is being ereated dy constru-
~cting s 35 m high earth dam on the
pholdbahs flashy streanm which will prob
-ably be the first of its xind in
India.This will feed an irrigation

‘etanmel of 1.9 m3/s capaeity .In order

t0 deteruine the gross/dead storage,
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area of cross-section of stream
at gauge station

B width of gtream

water gurface width -

grain eoncentration in volume inm
the gtatic debris bed.
d diamoter of grain :

mediane size of sediment
sive fur which 38 percent by weight







Hydrologic and Sediment Response
Variations in Watersheds of River

Valley Catchments
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ABSTRACT

Higrologic & Sediment data pertaining to the watersheds of Damodar (IVC), Chambal
(Rajesthan) and Machkund (Andhra Pradesh & Orissa), India, was analysed to esta-
blish the effectiveness of 8oil conservation measures in induecing reduction in
reak discharge and eilt load. Reduction in peak discharge was to the tune of 14%
n +the watersheds of Demodar catchment whereas reduction in silt inflow ranged
between 28% and 75% in the watersheds of Damodar and Cheambal Catclment, 9 yrs,
moving average series could provide a discernible trend of 8ilt inflow rate in
Machkund catchment, thus indicating the positive role of soil oonservation measures
in moderating floocd and sedimentation hazards,

INTRODUCTION
In India more ithan 300 major and me- Land resocurce regions of India deli-
deivm multi-purpose (Irrigetion and neated by the Central Soil and Water
Power) projects have been construo- Conservation Research and Training
ted with huge investment, These Institute, ICAR, India has been re-
rojects ~are expected to create grouped into 10 Soil Conservation
frrigation potential of 42.3 m.ha, regionas. Distribution of 31 RVP
besides sizable amount of hydal ocatchments in different Soil Conser-
ower generation., Water is fed to vation Regions is shown in Table 1.
gheso reservoirs by stresms/rivers 9 River Valley Projects are located
through a network of drainage sys- in the Himalayan region of the coun-
tem in the respective ocatchments. try and theae constitute about 7% of
Pue to land degradation and soil the total oatchment area, The EVP
erosion large amownt of sediment is catchment areas have different land
carried in the streams and tributa~ use pattern which ocould be particu-
ries which ultimately find their larly clessified as  Agrioculture,

place in reservoirs. Sediment depo- Porest and Waste or otber lands. Out
8it in reservoirs reduce itheir capa- of the total catchment area of 78.6

city, thereby resulting into reduc- m.ha., the agriculture, forest and
tion of their wuseful 1ife. waste and other lende constitute 62%
204 and 18% respectively(Das, et al,
1981). Each catohment is divided Into

Recent studies of capacity survey of
smaller drainage unit called water-

selected reservoirs have revealed the
alamming rate of siltation than the shed the total area of which range
actual rate which was assumed while between 6000 and 15000 ha comprising
planning the projects. In the case treatable area of 2000-4000 ha. Due
of Nizameagar reservoir located in to limited resources progremme of

Andhre Pradesh State, more than 6% goil conservation ie being implemen-
of the ocapacity of the reservoir ted only in selected priority/oriti-

has been lost due to siltation there cal watersheds which produce hi
by reduding about 50% irrigable area gsediment yield (Bali, et al, 1972),
under its ccmmand(Gupta, 1980), With Depending upon the status of land
& view to preventing premsture silt- degradation, land use and worke and
ation of reservoirs, the national location, appropriate soil conser-
e of 8oil conservation in the vation treatment vis. terracing,
oatchments of River Valley Projects afforestation combined with enginee-
gm) vas launched in 13 ocatchments ring structures, silt +trapping and
1961-66). later on, it was extended moisture storage structures, gress-
to 31 ocatchments, The kage of land and pasture develoment and
practices along with same ices for plantation =~ etc. are given, The
erodibility, flood, sucespiibility effectiveness of these treatments are
t0 drought of various regions in the . being assessed through the resulis
country has been identified (Das, of flood hagards and sediment due-
1977). /during the 3rd Mve Yr. Flan tion, In the present study atiempts
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TABLE 1 Distritution of River Valley Projects in Different
Soil Conservation Regions of India

0i1 Conservation  Total No. of _ _ _ ~ ~ Total % area Remarks

S.” "SoiI Conservation Total No. of
No. Region of geogra- RVP State/U.T. area in
phical catch- of RVP
area ments RVP
m.ha, }
1 2 _ ... & _ i 6.__T.___8B.__
1. North Himalayan 34.60 5 Jammmu & Kashmir, 3.84 11.2
Himachal Pradesh
and Chandigarh
2. North Eastern 17.70 3 Tripura, Assam 1.32 7.5
Himelayan and Bihar
3., Assam Valley and 11.18 1 Apsam 0.12 1.1
Gangetic Delta
4., Rajasthan Desert 23.85 N1l - Nil Nil
5. Indo Gangetic 50.90 3 TUttar Pradesh, 1.21 2.4
Alluvial Plain Bihar, Chandi-
garh, Orissa &
» _ West Bengal
6. Eastern Red Soils _57.45 6 Uttar Pradesh, 21,08 36,7
Bihar,
Orissea,
Weat Bengal &
Madhye Predesh
7. Southern Red Soils 34.77 2 Kerala and 0,74 2.1
Temil Nadu
8. BHlack Soils 67.45 9 Rajasthan, 47.51 70.4
Madhya Predesh,
Uttar Pradesh,
Orissa,
Maharashtra,
Andhra Pradesh
& Karnataka
9., Mixed Black Red 11.57 1 TUttar Pradesh 2,55 22.0
and Yellow Soil Bihar and
West Bengal
10. East West Coast 19,20 1 Maharashira 0,18 0.9
Total 328,67 31 19 78.6
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have been made to establish the eff-
ectiveness of these soil conservation
treatment in terms of reduction in
volume and peak flow and sediment
production in the selected catchment
viz. Chambal (Rajasthan), Damodar-
Barakar (DVC) and Machkund (Andhra
Pradesh and Orissa) in India,

REVIEW OF LITERATURE

Soil Conservation measures are pri«
marily given to induce reduction in
sediment production from the water-
sheds and from the catchments as a
.whole in order to prolong the use-
ful life of the reservoir,

The significant effect of soil con-
gservation measures in the reduction
of eroeion and consequent sediment
yield have been studied and reported
from many parts of the world. In
the Issaqueena catchment in U.S.A.
the SPR was reduced by 52%f in a
period of B8 years by increasing t&e

tected area from 53% to 73%.
imilarly improved watershed manage-
pent measures could reduce the sedi-
ment yleld by 43% in the Lake-Waco

Catchment (Gottsch&lk, et al, 1955),.

Jone, (1965) observed that watershed

treatment could ¥ecrease the sediment
yield although there was no signifi-

cant change in the runoff character-

istice., There was, however, & marked

increase in sediment discharge during
construction of terraces. Available
information from experimental resul-
ts, field experiences and historical

evidences on the positive role of

soll conservation measures on the

reduction of peak discharge and sedi-
ment production have been reviewed

extensively by Des & Singh (1979).

Regearch studies within the country
on the effect of soil conservation
measures in reducing sediment yield
have been studied at the soil conser-
vation Research Station(ICAR, India)
at Ootacamund, Chandigarh, Dehradun
and Kota, In another watersheds in
Vasad treatment measures not only
reduced the sediment yield but also
retained large guantity of sediment
received from untreated catchment
(Tejwani, et al, 1975). Measures
given in the watershed at Chandi-
during a period of 4 yeare redu-
ced soil loss and runoff from 80,5
tonnes/ha, and 295 mm to 7.4 tonnes/
ha, and 75 mm. respectively (Anon.,
1976). Construction of checkdams and
planting of Arundodnse grass in a
foreat watershed of Dehradun showed
significant reduction of sediment
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1975 to 1977 (Anon,,
1977).  Experimental resulis have
also proved that bare goil yielded
more than 100 times the sediment
likely toc be contridbuted from a well
vegetated area (Patnaik, 1978).

yield between

Various attempts have been made to
study the hydrologic and sediment
response to treatment measures in
the ocateclments of river valley pro-
jects, The National Cocmmission on
Agriculture reported that judicious
treatment measures (biological com-
bined with engineering) resulted in
reduction of sedimentation rateas
This view have been supported with
observed silt data for 16 small wa-~
tersheds of Demodar-Barakar Catch-
ments which indicate perceptible
decresse in SPE due to treatment
measures (Anon, 1976), Results from
an experimental watersheds in the
same catclment revealed that soil
conservation measures oould reduce
soll erosion by 0,046 ca/ha/yr. as
compared to an untreated watershed
havfng similar size and conditions,
The peak discharge from the treated
watershed ranged from 4 to 4.5 cumec
against 8,5 to 14.2 cumec from un~
treated catchment (Murthy, 1980),

Study oarried out in three watersheds
of Chambal ocatchment in Rajesthan
showed that the SPR decreased with
inoreasing coverage of area with
treatment measures, The decreass
was significant for the watersheds
receiv continuous treatment. Trand
snalysis showed that +treaiment mea-
sures could moderate SPR 1o the tune
of 0,62 to 1.65 ha.m,/100 km</yesxr.
(Jose, et a1, 1980 a),

Soil conservation measures are suppo-
rted with construction of small
structures sguch as silt detention
dams, control structure etc,
These struciures retain considerable
quantity of the inooming sediment
and, therefore, provide sufficient
time for stabilising the catchment,
A case study revealed that 16 small
structures in Orissa tion Hirakud
catcment with a <total watershed
area of 16694 ha. could hold back
sediment volume of 37.55 hectares
meter in a period of twenty years
(Das & Singh, 1980). Capacity survey
of two 8ilt retention structures bet-
ween an interval 12 to 14 years re-
vealed that the storage capacity of
the structures were reduced by 55
to 72¢ +through sediment deposits,
Thus these structures could hold back
conaiderable guantity of eediment,
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whick otherwise would have been
deposited in the main reservoir,
(Singh add Das, 1981). Therefore,
these structures also influence the
hydrologiec and sedimentation res-
ponse of watersheds.

Sffect of integrated treatment of
satersheds was first noticed in the
form of reduced SFR from the water-
shed itself. The overall effective-
ness of management measures, is how-
ever, reflecfed through reduction in
sediment production in the main res-
ervoir, which is ascertained through
repeat capacity survey in respect of
outflow method, Result of reservoir
sedimentation surveys in respect of
Bhakra, Machkund, Maithon, Panchet
and Hirakud indicate decrease in SPR
vis-a-vis increasing coverage of
areas by soil conservation measures
(Das, et al, 1980). Treatment mea-
sures could moderate silt inflow rate
into Machkund reservoir @ 0.14 ha.m,
/100 sq.km /yr {Jose, et al, 1980 b).
The observed rates in respect of Eha-
kra, Maithon and Panchet contimaed
to be much higher +than the design
rates as the area treated in these
catchments ranged from 16.5% to 50%
of the priority area (Das, et al,
1980), This stressed the need for
achieving saturation treateent with
in a short time frame,

Introduction of watershed based pro-
gramme in Hirakud catchment helped
in sett e dedlining trend of S¥R,
The reduction in average SPR for the
period 1973 —77 as compared to the
average SPR for 1962-66 was 28,3%
1na£1te of the fact that only 16.4%
>f the prior'ty area of the catclment
was treated .Jose & Das, 1982),

MATERIALS AND METHODS -

Hydrologic and Sediment monitoring
of small watershed is being done (1)
to identify the priority watersheds
contributing high volume of sediment,
(i1) develop appropriate methodology
for predictfng runoff and silt yield
from ungauged watersheds as well as
(111) to determine the effectiveness
of 8soil conservation measures, There-
fore, monitoring of rainfall, runoff
and 8ilt load forms an integral part
of the soil conservation Ogramme,
The data thus collected along. with
the infommation on physiographic fac-
tors are maintained in the watershed
history sheet. For measurement of
rainfall and runoff and collection

of sediment samples gauging sites are
installed in selected and represen-
tative watersheds. Appropriate me-
thod, equipment and trained personn-
ells for the programme have been
identified. The samples are being
analysed in the sflt leboratory
established in different catchments;
About 3% of the total treatment cost
of each watershed is provided for
staff and equipment under this prog-
ramme (Subramaniyan, et al, 1982).
In the case of rainfall the amount,
distribution intensity and in the
case of runoff the volume and peak
flow and finally the effect of mode-
ration of flood hazards are inferred.
Similarly for erosion hagards silt
samples are collected in bottles
using Punjab bottlegUSDA 48/USDH 49
depth integrator runoff samplers.
The samples thus collected are analy-
sed for finding of ccarse, medium,
fine silt =&nd clay contents of the
discharge sampled. To arrive at
reliable conclusion the results ob-
tained are cross-checked by repeating
the process. Samples of each water-
sheds are analysised and sediment
production rate (SPR) camputed. So
far 298 gauging sites have been/stru-
ctures with head walle with & height
of 0,30 to 0,45 m, above bed level
of the stream are recommended forthe
measurement of '~ discharge, Besides
this many of these sites are also
equipped with stage level recorders
(Fig, 1). In other situations where
gutting up structures are not a prac-
ical proposition, discharge is com-
puted by the velocity area methods,

Annual rainfall, peak runoff and silt
load data for Uppe. Sewani watershed
in Damodar Catchment (Table 3), The
data on progress of soil conservation
alongwith corresponding SFR data in
respect of 3 watersheds of Chambal
catchment (Table 4) and annual prog-
ressive yeical coverage with soil
conservation measures along with
corresponding SIR of Jalaput reser-
voirs ?Pig. 2) have been utilised for
the apalysis. For Upper Sewani water-
shed of odar Catchment the hydro-
logio and sediment response variation
0f the watershed has bea;n d:.na}];yaod
by comparing averafo schar
u’;d SIEBI for the b m;ge year 1959-03
end 1971-75. In the oase of Chambal
the arithemic mean SIR for the first
and last 5 years.,was analysed. In
the 1light earlier results reported
(Sin.?z, L} al, 1979 & Das, et al,
1980 o¥ing average method oOf

/installed (Table 2). Lower orest
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E 1. Andhra Pradesh 1) Msohkund

TABIE 2 Details of Hydrolo
Punotioning in River

Neme of o
Catchment

sites
-

11)

Nagarjuna-
114)

Nizamsagar

_____ opened_ _ _shed _ _ _shed

T Y S - PRSI

iv)
i)

1)
i)

114)

2.

3. Bihar

4. Gujarat

1)

i)

Pochampad
Pagladia

Mayurakshi
Rengali-

Sone

Demanganga
Dantiwada

S

6.
Te

8.
9.

Himechal
Pradesh

Jagpu &
Kashair

Karnataka

Kerala

Madhya Pradesh i) Chambal

111) Mahi
iv) Ukai

i) Beas
i1) Sutlej
i11) Gfri Bata 1

i) Pohru

1) Hamjuna_—

sagar
11) Nigems
i1i) Tungabhadra 1

i) Kundah

@

N

ii) Hirakud
1i1) Matatilla

iv

10.

i)
i1)
111)

11, Orissa

) Rengali-

Mandira
Tawa

Ukai
Mahi
Sone

Ghod
Nizamsagar

Nagarjuna-
Pocham
Ukad pad
Demanganga
!é:chkund
Mandira
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glc and Sediment Monitoring Sites
Valley Project Catohments
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12.

13.
14.

15,
16,

17.

18,
19.

-

T T I T T T T TR T L L AL L e ba_ o Ta -8
Rajasthan 1) Chambal 47 6 29 35 17 ;
i11) Dantiwada 25 2 23 25 - 10 .
4ii) Mahi 30 2 8 10 10 §
Sikkim i) Teesta - - - - - |
Tamil Nadu i) Lower- 2 2 - 2 2
Bhawani
11) Kundah 1 1 - 1 2 |
|
Tripure i) Gumti - - - - - ’
Uttar Pradesh i) Ramganga 7 5 2 7 4
i1) Matatilla 5 5 - 5 -
West Bengal 1) Kangeabati 2 1 1 2 10
i1) Teesta - - - - -
Chandigarh i) Sukhna 3 3 - 3 1
Damodar Valley i) Damodar- 64 43 4 47 12
Corporation

Pig.

1 Thoto showing Stage Level Reoorder house, hydrologic
and hydraulic featwres,weir of sediment monitoring
station, Mynalli" Watershed, L,Bhavani EVF Catchment,
Coonocor, Tamil Nadu State,




analysis have been followed to mini- discharge for the block years 1959-63
mise the fluctuation in the annual has been obaerved to decrease by 14% ¥
data in Machkund catchmeat, when compared with average peak dis-
charge for the block years 1969-73
RESULTS AND DISCUSSION (Table 3)., This is in line with the Sy
' earlier findings of reduction in peak
Reduction in Peak Runoff discharge by 37% when progreasive
average annual series was utilised
In the case of Upper Sewani watershed for the same waterahed (Singh, et al,
of Damodar catchment the average peak 1981).
TABLE 3 Rainfall, Peak Runoff and Silt Inflow Rate from Upper
Sewani (74) watershed of Damodar Catchment. P
Area of Watershed : 9246 ha,
T 77 T Detalis T T T T T T Fainfall ~ Peak dis- Annual SIR ,~ "SIR per Unii = ~ ~ '
mn. charge ha.m/100 lm Runoff
ha,m/100 km
m /Sec X 19_} _____
_____ e o m_Be B _ A e
Average 1959-63 1343.3 202.16 7.18 12.24
Average 1971-75 1191.0 175.88* 5.20 7.40

4 Reduction 11.7% 14.0% 27.6% 39.5%
* Averuge for 1969-73 ‘

— e e e - m w me Em G EmE R e e e e M wy e me e me e R e e e e e A e m e S mm A e e e he e e

Details of Soil Conservation treatment given

Upland treatment by construction of terrace, bunds eto. 1974.0 ha,
Treatment of denuded forest and gullied land 1200,0 "
Wasteland treatment 140,0 "
Grade stabilisation structures 365 Nos,
Sediment Contrel structures 120 Nos.

TABLE 4 Annual Progress of Soil Conservation measures
and Silt Inflow Rate for watersheds of Chambal
Catolment in Rajasthan

T 7 Detalns = T T T ia’it'a?.kfy?i Nala ~  Karab ka Knal,  ~ ~ Nagdara Total s
8, - 50 . 8, - =
1962-63 1970-T1 SIR 1971-72 SIR .
to ha,m/100 to - ha.m/100 to ha.n/100 -
e mfmm e 197879 km< 1978279 _ _ km2 _ _ _ 1978-79 _ km2 _ _
_—--l' _________ 2'——.—.—.2' _____ B - . (¢ U s e e e e
Area treated (ha.) 4737.5 - 4946.0 - 3254.0 - N
% Area treated 94.4 - 99.8 - 78.7 -
: Initial SIR average 7.88 "4.90 19, 76% o
for 1964-68 '
Final SIR averags 1.98 1.42 7.70
for 1974-78

4 Reduction in SIR 74.9% 71.0%

* Average SIR for 1970-73
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SIR Moderation from
watersheds

The average. SIR,  SIR/unit runoff, for

Upper Sewani watershed for the block

years 1971-75 showed eignificant re-

duction by about 28% and 40% respeo-

tively as campared to the values for

the block years 1959-63 (Table 3).

Since only 36% of the area of the

watershed has been +treated, thie

could be oonsidered as significant

achievement, In the ocase of > water-

sheds of Chambal oatchment the re-

duction in SIR ranged between 61% and
75% where the percentage of area

treated is between 79% and 99.8%.
Highest reduction has been observed

in Baisakiya nala watershed in whioch

treatment measures were ooniinuous
since 1962-63 (Table 4). Moreover,

substantial reduction in SIR could

be achieved in the watershed which

were given saturation treatment,

Silt Inflow Rate Moderation
from Catchment

The annual SIR in respect of Machkund
catchment revealed marked fluctua-
tions (Fig, 2). The major fluctuat-
ions, however, covered & period of 9
years, Therefore, the 9 years moving
average series could eliminate most
of these fluctuations and could pro-
vide a descernible trend line
(Fig. 2). The trend line depicts a
clear decreasing trend of SIR vis-a-
vis coverage of area with soil con-
servation measures. Com ision of
ave SIR for the period between
1958-02 and 1973-74 revealed decrease

TR, ANNUAL SERIES
S P MOVIRG AVERASE -
AREA TREATED

D
o
i

P
(o]
i

w
?

WY wriow aats, hO- wathe /wo km?
w b
2.9

g
Q
i

ol

F/

-

in SIR by 47% against .a coverage of
77% of the priority area of the catch-
ment,

CONCLUSION

Hydrologic and sediment data for the

watershed in the catchment of Damodar
(DVE), Chambal (Rajasthan) and Mach-

xund (Andbra Pradesh and Orissa) was

analysed to identity the impact of

soil conservation measures on the its
response variations. The study could

yield the following results:-

1) Treatment measures could induce
reduction in peak discharge from
the watersheds of Damodar catch-
aent,

2) The reduction in sediment produc-
tion rate was to the tune of 28%
in the watershed of Damodar Catch-
ment whereas it varied between 61%
to 75% in the watersheds of Cham-
val catchment, The reduction in
SPR was vronounced in the water-
sheds which received saturation
treatment.

3) Moving average series could elimi-
nate the fluctuations observed in
silt inflow rate, caused due to
the effect of succession and per-
sistence, in Machkxund catchment,
The transformed series revealed a
clear decreasing trend of SIR with
progressive coverage of area,
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