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CRAPIR X1
SWOW AND IS CONIRLMUZION 20 MIKRAM FIO¥
2+1 IMROMRTION 3

In mwy sress $now 2 the dominant souvce of strem
Dew, Gondad) (1%66) haa tndicated that abaut 90 per ot of
the yearly waker mipply 4n the high ddevations of the Celoredo |
Roxies is derived from somelt. The gwmerstion of snowmdt
ol sequeniial sirusm fiow Lrom She saawpmek that woumleates
in winter, forss ens of the st Lagportent phases of the
hydzolegie sycle in the nexthara zegion of Indiae In Indls
and amy other countrien suswsalt st estinationy are
vitally Swpartant in

)  foreoastiag ssseonsl witer yidide for & diveemsiy
of water Mipply PUNpONess
b) Seplementing £100d eontrol progranses:
8)  eegulsting rivers and s¥ovege workes
snd 4)  saleoting design foods fex pactioulze wabersheds,

Therafore, sy pregramme for the effevtive sontyol,
consprvation, and optimum develepment of wakter Tessurces in
thase aoribern regions wist Sake ixt0 speeunt the vitel Gont¥l-
bution of saewsels to Yhe spring sessen wunoff, or its potmmiisl
for storage md muumm utilinntion.

Dewpite sha juporSamne of suow hydredogy, it ie only
4n $he 1wt deosdes thet Anteunive reseszch hus 163 40 the
Zoxugtion of theory whioh yialde & partly sstistwtory under-
standing o7 the eompdex hydrodynmics prodesves predusing
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mowmels mi subseguest stram LL0ws  The mew tethniques
axe delng widely used fox preficting design sstimstes and
seasonial yidlds Bowever, foxr short runge foracasting of
‘pesk £low 2ebes tha agremens betwasn predickion ad wiull
sussrvations hss Usan found S0 by uncerbain, wnd lLesves xoom
Loy waoh mmmmh
22 ROLE OF SHOW AND JOB IN TR QLOBAL WATER BALANCE 3

The guaniitative asneaseent of she world weter
¥alante 10 still An Yhe process Of 2evision mnd Telinessnts
EYen 30, rasaounble estinastes omn by stiepted in order Yo
f1llustrals the relstive importande of the 4l f{erent compo-
ARk, |

The $0%al volume of wabaxr present in the whole
hydrosphere sweunts , seoording to Lvevitch (1970), to
WProxinstaly 1e45 x 30° s  I0s aad enow represent sveut
2 x 3 xa’ of watex (Hoinkes 3967). OSher estinstes yu
thase Values Zathar lowse But, st sny Sates 10e and snow
conasitutes 2 par cent of the water 4in all) 1te forms. OFf
SOurse, She seas wnd coeany cuntain abous 97«4 par cot of
tha wozdd water; but A7 this saline waler is discarded Loe
and 00w besons the major acuponent {Volker L970)¢

2,3 PHYSIOAL PROFERTIZS OF SNOW AND IO :

Snow 4e definsd sa Zalling or deposited ioe parii-
cles formed natuly W sublimation (UNES00 / IASH / W0 1970)s
1% oan aleo D desorided an ¥he s01id fovs of weter which
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between the snowpack and its environment. The travel of melt

water to another point in the pack and its time distribution

at that point depend on physiographic (gradient, depth, etc.)

and hydrodynamioc (porosity2 structure, storage etc.) proper-
ties of the snowpack(23].

The various sources and processes influencing heat

transfer to or from a snowpack shown in figure (2.1) are
1isted belows |

1.
2.

3
4.
5e
6.

Absorbed shortwave (solar) radiation, Rg

Net longwave (terrestrisl and atmospheric)
radiation , Rb .

Condensation (or vaporization) from the air, R,
Convective hest trensfer (by wind) Ry, »

Heat content of rain water, H .

T

Conduction of heat from ground, ﬁg .

The melt wabter prodiced by the net transfer of heat from all

sources to the snowpack magy be obtained from

Y H
M = z (1)
205 B

where M = water equivalent of snowmelt (in.)

B

H = algebralc sum of gll heat contributions

(calo/cma) , and

= thermal quality of the snowpack,defined as the
ratio of heat reguired to melt a unit weight
of snow to that of ice at °C [ averages from 0.95
to 0.97, for 3 to 5 per cent 1iquid water).



-

INSOLATION NET TERRESTRIAL

(S.W.RADIATION)  RADIATION (L W)
cLouD
___WIND
' - % TURBULENT
f <~ Y, CONVECTION
;— -
g CONDENSATION

—

SNOWPACK
WA\W/A%NN//&Y/N/&WW@&K%\ GROUND HEAT

DEPTH OF
MELT (INS)
;2.(4
NEW 90% OLD 40%
SNOW ALBEDO

DRAINAGE BASIN

FIG. 2.1 SOURCES OF HEAT THAT GENERATE
SNOWMELT
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The snewnelt preduced Wy sendensatics my de
sstimatel Tron the aperissnially derived velation (VOR
axperingis a8 given in thelr Hanmial Sunoff from Snownd t)

, ) /6 ,
N, = 0+054 (ﬁ‘ 5 ) (Q“m %} '

{1)
where M, « snowsadt in in/dey
&, sad 3 = the helgate of neamreen (£%) of the
six Yapour pressure snd wiad spesd edeve
the show surfeoe.
o, = the sir vepour pressure in mb
#, = e v qurtase Yapour pressuce in mb
(6432 ab ot o melting mow surface).
©4 W« the vind speed in wh.
et produced Ly osnvestion results asinly fyem
hest Sransforzed Lrom waya sl sdveeted aver the swvw mirfess
The theory of turmdent tranafer An the stuosphere is very

ocaplex, But expsriments have indiosked Shat simple spproxie
mation ¢an Wy Ussfuls The sinplified expression couslders

ohdefly the tsaperavurs gersiient of She s above the snow
surfece; the wind spesdl, and the dr density (takes as the
function of the sr presaurs).

Convection melt may be emtimated froa the wperimental
sguxtion

B, = 0.00829 (p/p,) (3, G,)M (2 =2 )w (2

whars ¥, = snowmdt in ine/dey
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pnd p, = alr pressurs st e %0 and sea leve
respeoiivey
3, w4 %, = helghis (£%) sbove Wie snow muzfee of air
teperaiury sl wind spesl rempactively
7, W87, = a7 end wuow surfete tenperaiures 3n %%,
 the snew surfane Senpereture deing aoraslly
taken as 32 0
The contridution from cenvackion is usually sasil
ralative %0 other feé%ora, The squetion for omdmmsstion snd
tonvestion 0an be obuveniently soudbined imto s singdle equation

6 give
Y
3

Ny = 0400629 (s, &2‘ « 32)p/py +

* 6»59‘(.1. = §s11)] un

the total condensation = genvestisn midé in ine/dey. TYor
practieal applications An hydrology Shis equation om be
farther sluplified: The xatio n/pﬂ varkes from 1.0 ot sen
Aevel 1o 0s7 &V an dlevation Of 10,000 £3. For sreas with
Hodevass toporrephlio changes 1% may be assussd to have & cons-
¥ant value of woreximately 048+ AL the vapour prsasurs

oan Ve masuxed to De adequaiely repressted Wy dew point Sewe-
ravuress Ry fixing the helghts of messurement of T, wnd 2,
in 7 st 10 2%, and shat of vind wpaed at 50 £3. the prevesiing
squation can be simplified to

Moy = 0a0004 [0422 (T, = 52) + 070 (2, ~ 32)] ub
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where T, 94 2, = She Nesh eir and dew peint teape-
Tature Teppeotivaly s the 10 £t.
hol ght |
amd  ub »  the maan wind spesd in nph at the
50 2%+ hedghs,

In sone Teglons & Minenr regression raiatim detwam
T, w1, given » high degven of dorvelation, peraddting
further dapiification.

4+ Nolt Content of Redn 1

| Rein falling on the saow surfacs st Seapetaturs sl
3992 32 %7 tranefars hest to the suow thus producing melt. TAls
dan be otsied direstly Ny the squation '

K, = 0007 (2, = 32)

wiere o, = the snowselt in ina/dwy due %0 ren
P the mass Tainfedl An ius/éay
sad T, = the mesn fveo sir tengerature an °r.
Aay X Linsley J:[7] Ax his paper in June 3943 had sles sugses-
od ¥his relation.

5«  Heat conduckion ot groumd i

MeLY produced by hent oonduction st the ground (M)
An genarally considersd Snsignificant, unless Ahexe in s Iarge
underground ssaress i nominsl vaive of 0,02 4in/Gay 38 recomaendy
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Lor Lomlusion in denign eatinatun:

In this mubseotion s ssi~wpiwicdl theory devdloped
ualnly Wy She UsSe Joxps of Msgineers; has Yesi given in
oukling; iv iz vidid for wexy sasll plots of homOgemeous
charmaters Its ohlef purposs hss bewa S0 provide an lnsight
Anto She woowaeld proesse as infinencsl by various nwbeorologi-
onl parsnsters, ad to quantitate she sffectiveness of emdh of
thase parsmters in ssasing snowkelts

fhe totsl mwwadt prodacel ot a point lodation by

the various fevtors will ba

B o= ﬁrﬁﬁﬁaﬁfv‘fﬂ’*ﬂ‘i

2,7 SHOWNELT RUROXF DEIERMINATION

~ The naaner in whiioh xuneff from either raintall or
anownelt 49 sffevtad by osndisions prevalet within the mow
paek As of pinary intersst %o %he Lydrologiet: Yarious views
on sterage charasteriation of & ssow patic have Dan sussested,
Thens 2ange Dxom the oondest That a cadwack ean ¥etaln lerge
maounts of 1iquid watar %0 the iypethesde Shat maw paek storage X
40 nefligitliee Thers is o WnAversally appiiestle raletienship,
and 4% L8 Lupertant %0 hase a5y uneff sonsidevstion on & knowe
1edge 0 the sharettar of & MOWpmk o6 th tine of sudy.
Winter runeff ie related 10 mowpatk conditien wheress in the
apring; onvs a0tive nelt begine, 1istle or ns deley Sn the
srauport of aelkt or ralnfall theeugh the suowpack 00O e
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Yor dralnage basins in mauntalnous ares, soewpeck
storage sffe0ts nay be spprodinabel My sshdividing the weber
shed Anko relatively unifora srease Homally, this will be
% sowonplished Wy uelng elavation ménes: Endwpesk at the
lowest levels mey be condltionsd vesdily Sreanselt zain or
maltwaber, wheress in higher shevations a 1iguid water defiolt
Ray Prevell. A Upper 2owt slevations, Yhe snOWDISK May be Yezy
dxy and oold and thus in & condition for the optinws storags
of watexs The storage petential of the watershed sones must
e Daned on represwtative mensirenants of the snow depth,
Aunsity; Seupersture; waler soulval e, molgture content, wad
anowpask oharsoters The snowpadk ohal‘etter ralates 30 the
physicsl s¥ructare of the packs Unfortunstely; sdeguate mesmivs
oL oll thess Zaatoxs ste 1o slways avellsble or sssily obtained.
Batinates of changes betwesn Sapling periods are ususlly
Andexed to reakily obsarved ANeoralogle varisbles:

The formlation of szowpack storage end tine ke
charasteristion can o fasdionel by ssmming & homogoneous
paks  In thiz cass s¥Orage Lo related diveotly to the Jignid
ket defielt wad o0ld conbent of the packs Time délay L5 w
Zunction of inflow fates It 4w constdersd that the anowpack
Morage prtedlial must Be tirely satisfied Nefore runoff
bagioe. Thiv La nod 80 Lia yoallty, buv the ssaumption pexaive
an aaelysie to by maler  As meld prevesis, she sterage pstential
o2 sny snovprok dininishes:
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The tine 48 heurs %, Resded Yo 111 the serage

Sy Aw glven by

S T N
NSRS N

'mo( ltﬁ )

It has bDewn speelified Bhat she $¥tsl slovage poitgniial a
40 be met prier 10 She umaff is given as

8;9""0*’2

2nis is aleo known an ‘permanantt sborags shnce 4% is not

" rsiladle $o the raneff umtill the snowwek has finally
seltSed. An sdditiond shorage compenent Sranslieny storegs
Sy is thst water ghovel ia She soawpank while moving Shrowgh
it to baoomy manof? %111 initistion of runotf, the Sransivory
sterage An Snches Can b expressed as

L Jliem

¥

whure D = She depth of the saowpask (£}
¥ = the Pate of trynwmiseion threugh the suowpsok {fmw)
Ihe daley time of waber 42 passing thrwugh the
mnk ¥y s Ve

W ow
Asmaning that i° s very mall compared to ¥,
the deth of Shy snompack is given Ry



e
with P, the denalty of the saewpacke
hen $, = W, Arg ¥

Bafors the runoff somsentes; the tobal waksr & stored in $the
sooNpaNics in Sachewy &s glver by

3&%*%;&9‘

which can alao De weitten as

Bm!(-«ln n.» “-*N
160 100 !'g"'

The total Sime in Rowrs whioh passes dafore xumef? is produced
is thus

oy

* $2, A

? 160(4em) 100(848)
Afkar snteblishing she attive runell from the snowpadk, the
only sigidfiomt Serm in equation S e %, + 3, + 4, de %,
snd $his ie usvally mmall sompared with the Oversll twasin
dag snd oan Do negleoteds WA%h lnarsassd snewmalt snd runoff,
addisional LAoorsments of water praviously withhald by snow
blotkage $0 dvsinage utlets and other Zactors ave ralesseds
Meguate quantifioation of this camnst e avoewplished at



29

pRSTRe A Q00 catpos oo A9 60 Dewinyvy o oo Seanerotulo
of «5 %8 , cordd otz 20 a0 4 88 0F JoGuAG TC? Daflorio (o
oncot of owwgs{2)e

20Tad FyQoogmoh Besescdean 3

Deooorden oarven bwo W0 ey, forn

em
8 0@, 0

choro @ = Gho Goohoo o8 Oinp §
Q, & fho ALY polo of Qov
I o 0 2cacfemeeausel

contden of Acddy oopemn Qoo by ooy pedt
eveleching Sho coount of CInnfR GooAved foen coonaadeizls Sho
i&c:‘:mﬁm 40 coocibcdAy ono of ooycoobion of Cho é3iy
nylecrel Dars2e2) LAAUCICNCD 20 POCICNU0  ACCEDO
ot tho ﬁﬁmﬁ@ ocoend mad oReecciing i}c’dme i?cmmavclm
240 DS Gern EQMM%Q Zeacacion mwmﬂé%“
bréoogrooh 2 Al Lsdozoct 5.% Lo omen ol anm
Sron Myeoormeah & e wamwm {enomy opecoeheichst) Ao
tho o) ROitcd o e Zn BALO Dm0y O (XTAeo 0F
oEstdds Dydzosmonkn o B obudicld S0 dobcmming (holy Aol
VRIS RS oooponeatos By oloowing cesh hyGrermooh fotuen
o0 o BeAcy 00 ponts By Obo MO0 90 Sooneh Ty o2t tho O0
0% Oho zeaceien valvootde oad 2uio Sercoo o of (oAl
manoff oo bo Bodee A oo cuprchezddvo fzonthead of (hilo
cubioat oo bo Sowad 4n [Dle




20

| |

|
(3) '
/ .

DISCHARGE

,/ SHADED AREA IS
TOTAL SNOWMELT

RUNOFF FROM
1 DAY'S IMELT

TIME

FIG.2.-2 SEPARATION OF A SNOWMELT
HYDROGRAPH.




27

2eTe2 THE DRSREE ~ DAY METHOD 3

Thie aethod was 21098 suggested by Wl Wileon[$ ]
AS uned 12 the UsSe & dagres duwy Lo St brosdest swse; is
& anit expresaing ths aowunt of hast in tesoas of tha persis~
tenne of & Seperaturs for a 24 he period of one degres -
Fahrenheld depariurs fvom & referencs Semperatures 4As often
aplied in saowselt studles, the degres dw is cemputed ¥y
Mmbtradting She average of She dally mexlmun and duflly mind-
mun Yeaperaturs froa 3272,  Yor exsmple, 4f the datly mem
thas computed wers 32°F, there weuld be aevo degres dgy. A
dally mem of 37 %7 would yiedd 5 degres-daye. Degres duye
above 32 °F st Qegres durs ahove vefurwnce experature have
Baen used in polnieanowmelt and An yunoff-snowedlt computstion,
socordingly, Gurwtks,; Love, Ocedall, snd Berile [4] usel the
gomaenly svsdlable nexisom snd nistsus Seapewssures to entinese
She dagres days in & detalled intexpretive wdudy. The rasio of
the waker equivalant of the snowseld awsy 4n 24 hes %o the
nusher of depres deys in the smse paviod is oallel degrec-dyy
faotor [5]e  The Taation resls

=y ’a . (1)
whers M = the dally saowmels depth (ox)

s » She degrev-day fwstor (om 0=l d’l)
2, = She muabver of degres-days (%06)

Dagres days 2avies gven 43 fnohes and degres days Tahrenhelt
oan be oonverted 40 values in omv wnd deg. odlatus by &
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ARALYSIS OF BEAS CATCHHENT? POR SHOW COVER AND BROWMELT

4.1, THE BEAS CATCHMENTR,

The sourcw of Bess xiver is said to be Beas Kund
& aall spring nesr Rohtang pass. Unlike othuy major
rivers of Horth India 4t £a not fed by natural lakes, The
catchmont 1iew Datweun longitude 76° 56° § to 77952'S
and lutitvude 31%30* N w0 32* 295 and occupies thie ares of
abou t 4694 Xn3, cut of which about 1400 ks® 4s permnently
covared by movw, Ri{ver Baas is the principal tridutary
of rivar dutlej in the Indus river basin., Hoast of the
catchment «oeua cotprisss of precipititious slopes and the
peake are malnly baxe. The river 43 nainly fed by smow end
giacial melt bDosides the rasufall, “he orographic pattern
of the catchment i3 such that there axe high pounteing in
the eanst as wall as o north of the giver valley. muu
s a high widge on the Weat and & nunbor of low hills
ranging fxom 950 @ to 1220 m Lo heldghts 5he xiver
oxiginating fxums Suas Kund takes s southwwesterly direction
upto Kulu and then takes a sduthessaterly direcstion upto sits
confluance with Zivthan and Seing rivegs, It again fiows in
south-wasterly Qiouction, upto Pondoh, down styeam O£ Larii,
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The bed slope qf—r&m Paax in upper resches L@ very staep,
and the average valus of the bed slope f£ron Rufi:mg pass to
Manali Ls about 78 mfow from Mansli 0 Kulu, about 15.6 m/ioly
and fxom Kulu to Laxjs, about 8 w/la, '

The pringipal tributaries of Seas river upto
Laxrji site ace Allun Hallah near Manali, Sarvach dhand, near
kalu, Paxvasi rivar naar Shunter, Thicthan and Mn} Zivars
near Larjd {AppendinsX), ALl these tributaries have got
perrannial £low which varies considerably during aifferxant ,;m:n/g
of the yasr, The catchinsdt ares at a scale of 1 Ainch 20 & Jsechin
( s 25240), with contours at 2000 £t { 611 m, approxiistely)

intarval ias shown in tho Appendix II,

4,2, COHPUTATION OF MORPHOMETRIC AHD RELIEP FBATURES

f‘»'@-l MEASUREHERT OF BASIN AREA,

Ba,
Area of mxjiAm'S Lts sudbasins ware maasured
with the help of & planimeter and the averngs vaiuss ave given
in the table nunber (4,1},

&, 2. 2, HUNBER OF STREAHS

ALl the stoeams wccosding to their ordes An
each subecatchment waze counted snd the total mumbsr is
tabulated in the teble mumbdax (4,1).
4.2,3.70TAL LEHGTH OF STABAMS |

As acranged Ain ordars, the respéctive lanaths
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Of the atreams were Measursd and thess ade given in tablé
No. $.3).

$.2.4, TRE LOCAL RELIEP

It ie generally found by selecting reprasentative
masller sub-Dasina, finding the number of contours cut by a
iine angd Aividing it by the nuuber of facets. Hexe the
reliof (H) is caleculated by taking the alevarion differsnce
batwasn basin mokth and the highast point on the basin perimeter,
The vaiuves axe given in table { 4.1},

$42¢5¢ OoMER TYPICAL HUHSHOMETRIC COMPUTATIONS

™he othor parametars like the strean density,
struan Cxequancy etc,, hava bewn caloulatud as according to
the dofintition given in article { 3.3.3) wnd tabulated in the
tuble { 4.1)

4.3, VBGETAL COVER AHD LAND USE PRATURES

An ettenpt has bewn made to fdentify and
delinaste the vegetal cover and land use features using visual
intaxpretation tschniquoes, from 1:250,000 biow up Of LANDSAT
imageary dated 2nd Decwsbey, 1972. Piwe distinct tonal mxiuéiom
could be recognised in the paper print. The intaxpratation
fnciudes the faatures like the show covered arvea, Alphing pasture,
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thin forest, thick forest and bare-and- cultivated land which
are shown in the appendix III, The areal coverage of the
feétureé are given below in table No, €4.2). The hydrologic
behaviour of forest and range lands and relationship of land

use to water yield and stream flow has been studied quite
extensively. These studies have gradually lead to an understand-
ing of some of the basic relationships between land use and run-
off, debris depbsition, the schooling of gtream channels,

silting of reservoirs, stomm flows, and other phenomena that
have followed excessive logging, cultivating, burning, and

grazing of forest lands and range lands.

TABLE 4.2.
neGerat aver pnn Land wse EEA Toxle (2 MI@'; CATC HMEAT
Sl1.,No,  VEGETAL QOVER & AREA PERCENTAGE OF
LAND USE FEATURES Km? CATCHMENT (%)
1 Snow cover 1451 29.66
2 Alpine pasture 552 11,29
3 Thin Forest 523 10,69
4 Thick Forest 1359 27.78
5 Bare and Cul tivated 1006 20.57
land
X

G o4 SNOW COVERAGE IN LARJI CATCHMENT USING THE LAND SAT
IMAGERIES,



6.6,  SNOW COVERAGE XN LARJL CATCORMENT USING THE 73
LANDw3AT IMAGERIES.

¢.6.,1, THE LANDSAT IMAGERIES

Thoe Baug eatchrsnt upntyvan of Larfd
wan ﬂ;ﬂl&&(‘:ﬁ vith the halp of ¢tho muled zpoetrol LANDSAT
imngories fxoumn Spaco Application Centyn, Amedabad of
the following datas as 23, Sopt., 1972, 3 Deamnbsr, 1972,
3 Harch, 1973, 21 Mogxch, 1973, 2md Hoareh, 1975, 1 April,
1976 and 27 March, 1977. Thoso imagarios woro in Band
5 and 7 snd at a sesle of 1 1000 000, Theze sro shown
in figuoos ( 6.1, 6.2, 4.3).
$,4,2. STUY OF fNOW-COVERED REGIOHS ON LANDS3AT

SMAGRAERES

LARDSAT imugoegrien as abuve of the
Boap easchront up seream of Laril wers analysed, The
~ ever lays wero tracod €xom tho fmigories and aroal oxtent
of the snov covar in oach subd bopin wag measured. Thesw

are shown in figucren § 4,1, 4.2, ¢.3).

™Ma ganulto agg tabulated in ¢ablo

nmmx(&gé)

Prom the LABDSAT imagories it Lo
cz.enxly dlscornible that the oxtont of snow covar
grodually increcses from the aonith of Septembsr o Harch,
This con Bs obsorved from the dats fn the toble Fo.{4.3).
Snoy¥ covors.go is moaxirmun {n tho month of Mageh ofeox
which iv dopletes due o meleing. From sinilar obaorvation
it has aloo buon feund that the SGutlel and Besg catchmonts
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FIG.(111) LANDSAT IMAGE DATE 22 SEP FIG. {iV) LANDSAT IMAGE DATE 3 DEC
1972 MSS 5 1972 MSS 5
SCALE "~ | 11000000
13 Swero GpnaedOarta

B 1en cgngis ¢ O A,

R
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FIG.{V) LANDSAT IMAGE DATE 3 MAR FIG.(VI)LANDSAT IMAGE DATE 2! MAR
1973 MSS 5 1973 MSS 7

FIG. 42 LANDSAT IMAGERIES OF BEAS CATCHMENT UP STREAM
OF LARJI
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. (Vil) LANDSAT IMAGE FIG.(VIiii) LANDSAT IMAGE
DATE 2! MAR. (973 MSS 5§ DATE 2 MAR. 1975 MSS 7
SCALE = |/1000,000
T Sworcoertd ap o

d B now oo eyt epto

(IX) LANDSAT IMAGE FIG. {X) LANDSAT [(MAGE
\TE 1 APR. 1976 MS3 5 DATE 27 MAR 1977 MSS 5

G.4:3 LANDSAT IMAGERIES OF BEAS CATCHMENT UP STREAM
OF LARJI
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SNOW COVE AREA IN MSS 7(KMZ x10°)

™

7!

1 l |

P 2 3

3
SNOW COVER AREA IN MSS 5 (10 x KM2)

FIG. 44 SNOW COVER IN MSS5 VS MSS 7 IN LARJI
CATCHMENT
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have paxisum snow coverage in the months of Felruary snd
Mareh, 19 1¢ 49 wleo interwsting to note that the snow
coversge in the imigeries teken on the sswe day in Sand
S and Sand 7 axe not the same. Thaae can be observed
from the figures 4.301), 4.2(31), €.283i4), 4.2(iv),
4.2(vs) and 4.3(viL). |

These imisgueries in the infcoa-red Ssnd 7
indicates less saow than {n those of the visibie 3and 3§,
These valuos of areal sxtent of sweover us measiced on
Band 5 and Band 7 LAMDSAT Amageries at 1100,000 scule
have bean tabulated in tadle Ho.{ 4.3) and also plotied
a8 a graph in figuie { 4.4). A linear trend inclined
at an angle of 3% f£rom the Xeaxie 0f the H33 5 has bewn
observed from the graph,

4.4.3., TIE SHOW COVER AND RUHOFR ABLATIGH,

™ae fmsgerias of the months of March
indicate the exteant of oW covasage in the basin before
thes oelting lesason. mmmm} it $a poanibls €0 get o
relationship betwasn the siow coverags Of the bastn before
the melting souson and the subdsequent seasonsl melt noif,
Prom the figures ( 4,3(vii), (viii), (1) end (5 ) the
snowecovered arean Of the sub-basing have busn mzamired
and the values tabulaced &n table Ho, {4.3), e cumulative
sun of daily discharges in tha months Merch-ipci)-fay
as shown An table { 4.4} and the anow covarage have Dean
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RELATION BETWEEN THE SNOW COVERAGE AND
CUMULATIVE MONTHLY DISCHARGE OF MONTHS
MARCH-APRIL- MAY. IN LARGI CATCHMENT
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Curve

plotted au shown in figure { ¢.5). An exponuntial can

be fitted to theus Jimited plotted points, Here diﬂeharga
data of 1973, 1975, 1976 und 31977 have been used. A
butter relatiothip con be got by using more number of
years of data.

The anow covered aceas in tha bagine and
the swulativa gunm of average dischurges obtained from
the maxtoun and miniman diacharges of the months Harche
April and Hay as shown in table no. (4.5) have Reen also
used in getiing a similer ralationship. Hure si exponen=
tial curve also can be £4cted,

A% shown in Sigure { 4.6}, It 1a giving
4 battax £4: than in the former zcase. From those Surves
1t 42 sjvidently concluded that with more anow coverage

rore asagonal unolf can ba expected,

Ho conaidugation ©f the changs in the
gmw;;iczal and geahydgoiogion)l feuturs hove besn taken
Anto account, whers ds chis cuuld change locally and
atfont the Alscharya,

6.5, RETHODOLOGY POR SHOWRELT RUNHOFP COMPUTATION
DURIBG MELT SBASON { MARCH 70 RAY },

™e bastic phwnomena invoivaed in the
snowaalt proceas has bewn of major intevest to hypdrologists

- and othors involved in stgenm flow fogecasting. It is
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CUMULATIVE AVERAGE DISCHARGE OF

| | | |
0 L 2 3 4
3

2
SNOW COVER AREA(10” x KM )

FIG. 4-6 RELATION BETWEEN THE SNOW COVERAGE AND
CUMULATIVE AVERAGE DISCHARGE OF MONTHS
MARCH - APRIL - MAY. IN LARGI CATCHMENT.
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foportant that the hydgologist undorstand tha nature

end distribution of onewfull and mochaniss involved

in the snownsit process 12 ho La 2o make adogia®s eastimaton
€ the stzaam flovw dardved £rom this sCuUrco.

Uouaily iinmitod dats 49 avallable in
mountoainaig bhasing ond gonorally tapuratico and procie

pitation are the only avallable onog.

In zach bwiaing the ow aewmlaeim
geason {Lecanmber o Pgoruary) asnd the ool € soason
(Hareh o Mayl are considered Ffor tho foroeasting of thoe
cnownol t xunwft, During thego concona tho bacing oon
Luve pasronanlt @odecoYared arma, topporary chove=covered

arQ, and the RoncnoWe=covarcd aras.

The aorial photography «on provide tho
axtant 0f show goverage in cuch remots ond inoceosaiblo
baninn,

Due o the geooat elaovation canya,
Aifforenz=n in taapoeraturis and proedipl tation bhave o b2
takan into cunsidexation,

fa%0le ASSUIPTIONS IN THE MoTHODOLOGY ,

1. The cateiveent dis dWvidod into altitudinal bondg
O taka ingd aceaamt tha gxogeaphie affqaet an

the precipitation and cthe thapelatucs,
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The contrilmeion ¢o moewmsle copan £ron both

the tomporary and pormanont noY-coveréd axcnd.

THe accusulation peagon ip comuddered te extend
foom Hovankoar to around Hid-Hasoeh and the shove
mol t ceagon from around mid-idarsch 0 Hay. This
10 to do fudgod by conofdoring the motoorologledl
canditiong provailing An the carchuaent,

The pragipitation, rain as wall a2 mow, xocoived

by the difforent al ¢l tudinal bandg ago substantially

gffaceed by the ocwgraphic affoct, Tharoforso,
asch band gots dléforent amount of procipitation
inceaaaing vith tho altltudo,

During the sccuwmulation goacon the zncuwmal t 1a
negligible. Tho atorago of mow in the wvarioun
al titadinal bond starts doplating during the

mel b gaapon oniy.

The losnos accountod from the hovielt an well
ag the rainfailing on the movwcovarod aron will

including those due to avopocatlion and infil treton

The proedominoent factars afiocting snowemel t cato
ara fho air tameratuco and rainfall, Tho other
proeossas influoncing hcat transfeor to ¢the anov
pack arc galativoly loss impoctait and arg not

fakan into consldsration,
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8. During the accumuiation season the bass ;-t,aum
cun occusionally recoxrd xeinfall :md anow 2ail
on the sum day. Ducing such ti.m um:t e
temperature 1s near Lxeszing pus.nt. the cadn
failing on the sccumiiated mow paqk 1a considered
to be frozen through contact with mldarff

\ czmdm
can get snowfall instesd dus to the uq:qmplﬁ.&\

undariying mow, However, the highae
sffact.

4.5.2. MHE DIVIEION OF THE BASIB

The basin {is divided into the tmoporary
anuW~caversd aons, the psoianent snow-covered aone, ind
the nonsiowecovered gone, provided that the dasin is not
coupletaly covered by snow, Thése divisions can be made
with the help of xegular satelliite or secisl photographa.

€.5.3, THE TEHPERATURE IN THE BLEVATION ZDHES

The Dass station 1s used o provide
input temparatuse dats o the various elevation uones, |
The basin with a certain contour intomal ias divided j.nw
a numbur of slevation %ones, the medion heights of mm )
#re couaidered W be tapmmtauvu of the sune, The ? 4
of xones will dépand on the gize of the catchuent and t.m\
avallability of e contour maps.

By use of the lapse-rate approach, the



Anily temperatures €or sadh moné are comptived by extending
duta f£xom the bune station,

6= 9 - Y ¢ hy~ hy) { 9.1}

Vhere ¢ s the daily.mwan tempurature { &in *C)

b £s the «lavation ¢ dn m )

{ and b are subsaripts, rxefexring to alavation
- xone § and ths buse station respeotively

Y is an empe-ically dexfved coefficient which
caprofents the lapan cate.

4,5%.4, ™E PRECIPITATION IH THE ZONES

™e preaipl tation Doth calit as weil as
snow in the pountainecus basin inorwaees with height due
m orographic sffect. Instund of using a single vaiue of
the pragipitation mecorded st tha Dase station, sowne
reagonable fnacemen tal vailues o puaip&utim for the
aiffarunt alevation zunes age assignod for tuking into
acoount tha oroysaphiic effect. The pradipitation receivad
by a yiven zone will be given by the eguation,

where H" in the dally precipitation rucaived by the
sune £ An e,

Hy,, 49 the daily precipieation mécocded at the
base station in mn,
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I is ¢he incremental valuss of the pmcip.twuw

with algvation in e wt&”

4.5.5, TR ACQIMULATION OF SHOW IR HE BLEVATION ZONMES

Snowiall occuring from Hoveambdar €0
around mid-Haxch can bs taken into acoount as thae stored
‘water in the fona of snaw, kesping in view ttx&'t negligible
amount of snownslt ocour during this pariod ue temperatiuce
genaxaily xemaing ntar freaxing point, Different amounts
of snow L9 utored in various slevation sones due o
the acographic affect on the mowlall,

4.,5.6, COMPUTATION OF SHOWHELT

Aince thaye 18 scanty rain Auring the
phownel ¢ acasdn, the flow in the ativams ace mainly

eomeeibuted f£rom the snowmlt.

X

The dalily snowmal ¢ depth in centimatar
using the dgres day method is given by

M '. iﬂq'ra
umww.; the dally snownelt in o
'a'ia the degroe day factor in om i gd

'?d" 48 the numbmy of degree days in “Ca.
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{9) Engoel i o Xo xain

R The dapth of water meltwd by rain in ceunti-
metar ix given by

DwmH

gl

{ 6.4)

Where D 4$u the depth of water meltsd by ratn in om,
K iu the rainfall depth in e,

Ty is the tempegutire of wain in °C, wibdh can

ha rupresented by the wet buld weopacatiuce

80 L3 the ratio of heat 0f fusion of fve o the
speci fie haat of water {(dimension s *C0)

How taxing fnto consideration an
slavation zone A, the daily saowaelt in { m’/ﬁ in
with the degree day method 'Ewm by,

S O . Y ( 4.5)
86400(8)
Where @, is the daily snownwlt in e
a is the degrea day faotworx in Pl ond "af'l
Ty 38 the number of degres days in deg-cd
S‘WCM 2

A, is mnamu of xone A inm

86,400(8) 38 the nunder of seconds par day, which
convecrts the dsily amow elt volume into
daily dMacharge,
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The saowslt due t the raftn in the elsvation
sons A s given by

¥ ) = H

A A" uEE&- --u-ﬁma { 4.6)

80 86400{5)
Hhere va‘-k i3 the anowmsl t d&ic to rain in gone &
in ma/#

H, 48 the rainfall Jdepth in M.

T.n &% the temparature of the rain in a0ne A
in °Q

A

A La tm,\ama of the zone A in w"

85400 (1) i3 the nmader oFf teconds pur day

80 4a the ratio of the heat of fusion of
fom o the apecilic heat of wawer
{Slmanglsn ¢ *Q)

Thatefore, tha total duily enowmal & di stharge
in u:‘/ﬁ for the combined effect 48 given by
‘ ¢

Aavza N p {¢.7)

Tho torow Qﬂ axisty only 4f rain is thaere on
the partimlar day.

The anownel ¢ contimaes till all the anow has
ompietely depletsd out of the zocne, Tharefore, it ia

L LIBRARY UMIVERSITY §; ~CORED

O PR
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fuportant O Xewp in account the dally Salanee of the
equivalent wazar atorud in the tagporagy 20ne.

€.5.7. TRANGPORHATION OF GNOMMELT 70 RUNMOPP -

In mst cusas, snowmelt gal gulationas must
ba aimplifiad owing to ladk of detsiled data cn the enurgy
balance. However, in accuracies whidh might gasult can be
overshadowed by cunplications fnvaluad in extrapolating
anownal ¢ sl.‘lltiwl- fxom one point to the whole basin in
ordar tu detarmine the runoff, Apart from necessity of
extrapolating nmeteosological data o the varicus purts
of the basin, the retention of the nasltwatsy on its way,
to tha outler mist be considexed in a hrosd viriety of

condicions,

In snovw-lysSmetar studies, the mait waterx
ia only delayed iy Porwnum through the snow. Conse-
quently the daily ounoff maxk simi cofncidus widi the
daily snownalt . OWping o the largsr ares of & basin
and owing to the submircfacs gunoff, only a part of malt
vatar appsars in the ocutflow within the next 2¢ houra,

I2 no further snowmlt were to take place, the pwmalning
melt watar would follow on subasquent doys =8 cwcession
flow acurding €0 e squation,

t
Q=Q,k (e,8)
whayxe Q, 4 the iniciai Alischurge of thae showomlt

XRCHNBLON CNUXVE

kK 4is the xecession coufficient
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t ia the time as dimsnsionless nunber of
timn incressunts,

X k refers & for swample, W dlschaxgs on
two consscutive days, ﬁ‘u the nuaber of duys.

Runaff R L9 obtalinad by integrating the
hydrograph, |

+ t
Rn( th’.nf ﬁ‘ﬂkdt

!

4]
t t
- QO { X ‘; - QQ %
*nl’s 10 n '

N

With G Sn units of mo/a, R i1 Mo and k reforring
to leday internal, the gunoff Rl in the first 26 hours
ntareing with R, and ending with G, in

- x B6400 (8) $ 6. 30
ey o *

The totuloun of R, for k<3, twa Ss

Rt - 0_0 ;ﬁé-m x B6600{s) { 4.11)
0

Bubstituting Q, w « Lk . R, into equation (4,10)

Rucalling the infitinl aamumption that no furtheyr s
snowrialt takes place, R, aqualo the firat Qays anowmelt
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¢ dlsregurding runoff losses), Thus the recession
cosfficient X detarnines ( accopding to squation (6.12) )
which pert of the meltwatesy Ziows off in the ficst 24

houes,

I£f the siccassive daily ninolf volumes
are regurdad as geometric sexius, sgation (4.132) is
#inply dagived as folliowss

N | | |
Ry = R, --‘-9-‘-'-1-3‘ w8 amde ¢ 6.1
Kw Kml

Ry m B, Je=d. Ry ( 1wk} = M (2l
- i

Hoare Hy is the daily showmelt, Consi daring now
ghat furthew ssowmelt will taks pleos on the second day,
the totsl daily runoff sz calculated ag

Ry anzt )+ Rk {4,143

The practical computation values of X
st be devived from the di scharge dats of the watexshed,
Thus taking into acdcuunt the retantion of pelt watex, the
duily suowmsit punof? camprises 0f WO companen tsr

Ry =My ( 1=k} + k R4 { 4.18)

Whare R, 42 the zunoff on the n™ duy in n?

M, 43 the wnow welt on the o™ auy in o



102

n is an index Indiexting the sagquunce 0f Gxys
Rk i3 the recussion coefficient in the melting
period snd 43 given by tha zelation, |

alolle: W
Bb-

6,.5.8., SHE DAILY DISCHARGE FROM ALL THE VARIOUS EONES

A particular sone A is first conzidared,
Dividing the scuation (4.15) throughout by 85400 seconds
to get the dischuarge and gnownelt in nsfa and including
the gnowoal € dua o ruinfull, the foliowing equation is
arrived at ax given below,

“’a’n - (O galtng 2= +xC0) . (4.16)

Where Q is tho daiiy avowaelt dizchoarge in m:‘/a
kK is the recession r:oafﬂdang with 1 day Sntexzval.

Q.\, A is the toeal dally spowsel t diacharge

(wa/n) abtained by the deyreea-day mwthad and
dus ¢ the rain as given in sguation (4.7

Taking into acdeount the losases and the sesntion of
the snownelt, the daily snownel t dischurgs contcilbunted

by all the snow-goverswd sones, i given by the ccuation

Cdn =C{ @ ca*%,c0 ™ Y, xe * QD,:D; (1%
(4}5 ’n-z x ( 4.2D ”
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Where G 18 the daily snownelt dischargs in m’m

% a9 o G o, wd G, are the toeal daily
anow-elt A5 scharge in o /as obtained dus to rain and by
Z\j WM‘M"‘SMCW
the degree day # nethod in four x;ﬁae%w wones A, 8,Q,

and D that hove hewn: assumed,
@p v mﬁuwrwﬁw 4&,»«\’9 IALM"‘ W‘“f;l«(/ergwﬁl
K 13 the yecesaion coeffictent for 1 day mmrv

n 1is an indax wpregaing the segquence of day
C s an & coafficiant aczounting for the lomsas,

The rainfall during the mowmelt
ARason is Usually scanty and thus moat of the flow in |
the rivar fs contriluiad by the inowemlt, Tharefore, with
the degoee day method showmelt can e calailated with
vagiouw difierent values of the degoen-dyy factor 20 that
the anowel € hydrograph odbtained frxom te daily computed
discharges by the egiation (4,17 match the obsaxved
direat runoff hydrograph { 4.e. exciuding the base £fiow).
A gypical year with scunty rain in the melt sdasan is
" to be analysed first. HAth many trails the nost
sulitabla valuss of the degraw~day Zactor fox the month
of Berch and April and that for the ronth of Hay are to
b nmm at. The ponth of #x Hay having higher
mpemm?:;/\mu the qﬁ::ﬂzﬁm of the degreesilay factor.
These values of dogres-day factors <an be applied for
tcoputing the daily shownelt dischuarge fur otherg YoaLs
pirovided that no large deviation in the metevrological
conds tions provail from on: yesr to othex,
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‘ ;.5.9.- OMPUTATION OF THE RUMOFF COEFRICIENTS POR THE
TEMPORARY SKONLCOVERED AREA AND WHE HORGHOW-
COVERED AREA.

The cumukative sum of dally dlscharges
dus to snowmeit < g { in wslﬂ and the cumuiative suts
of gauged atamm‘:g“ wxoluding ¢the bass fiow s 00( in nafn)
during the mel az&'iu‘”ﬁe cakouiated, '

The M ffexance batwean thoaé valuos will
give the amount of dischacge < QR( in u:’/q) cuntyibuted

S eehn
from tho Arainfnui during the melt season.

[4

$% " 1% " 29, €18

Generally during the malt suason s O will be 4 wsall
guantity in cubparison v £ Qm‘

This amount contributed by the rainfall
EUSE oial €0 TWO QOoURCNANnts as given Dulows

By = S {zu ¥ A+ Cy &zua) Ay { ¢,19)
86400 86400
thore S Q. is the total discharge aoneribuced from
the rainfall in u:‘/s during the melt season,
€y is the yunoff coufficient which takes fnto account
| loss dus tO wvapOration from the tamporary suoW-covexed
2

axon A’. inn

Cy 48 the runoff cosfficiont to consider the loss due

to svaporation wnd infiletrativn f£rom the NODAOW-COVered
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Ny nneiiiz ore o totol of tho dully rainfall dopth
(o) in tho tomporary ooy covorod aron and tho nenonoey
covared  aros gaspectivoly during the walkt soarun. .
86400 1o the numbsx of coc¢onds in o day whidch cuavartn
tha volums of rainfall (m3) 41320 di:schaxgcima/u)

Working with difforome yoaro similoer oquations 1iko thot
of cquation (6,19} aro obtained, Zhe ghlutioh Co mueh
linonr oquations can b dono by on alyebraice method ap
cuciined in tho pubacquent parageeph,

84,5010, WE ALGEBRAIC MUTHIOD TO 8QLVE A EET OF LINLAR

In tho mathcemotieal diccunsian of tho
rorulto of obsogvationg, A% Lo rogquirod to doxivo from
tho dato tho Bogt or plausible rosul &0 wiileh they oo
eapablo af affopding,

’ Whon tho quentitios valch aro oboarved

a8 coatiy aro junction of covaral unknowvn quuntitios which
oro to bo dotomined, tho problom <oan o genorally codueosd
tu a forrulotion such zo tho folloewing.

™Tho Seaodiats probicn 42 €0 £ind valuwos
for o cot of uninown quantition X, ¥ in cuch ag way that
a oot of given vguation,
ot + ¥ any ]
)

{ 4.20)

aﬂ3£¢~y = n,
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Caliled the sguation of conditions
may e satisfied as nearly as possible, whan the numbmey
of squations 48 greater than the numboer 0f unknowns X, Y
ond the ecuations axe not atricotly compatible with

sach other,

The solution to such iingar sgquation »
ey bs done in the foiiowing gteps,

1. Hul ciply sach iineayr equation by its Gwn
CONSLUNES B, B4/ cecaae a, and then add them to yet a

ginygle agquation i.e,

2,

4y X & a.X = ayn,
azx-tn’a' Y

2 2 M2

2 ‘ )
aﬂ X aa‘,! " uan'

2

( ag * B % seen ag} X+ ( ne 8% eue “a} Y  {s.21)

- (ulé- a, + Heus aﬂ) n,

2. | ALYl the linear eguations may boe added as such
0 obtuin & sin{les equation as

How aquation { 4.21) and { 4.32) cun be

aolved almul taneously @ yget the valucd of X and ¥
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4.5,11., DOWMELT DISCHARGE INCLUDIKG THE RAINFALL RUNOFR

Part of the ralnfall on the temporary
anovwcovered arca al#d fiows along with the melt water,
With thig conmtderation the daily discharge <¢an be
PR expregsnd as

CQupeln= (@ +0) (1=l + {3, 1k {4.29

Where Q“ L3 the daily discharye in mz/a due 20 the
el ting of snow and the daiiy Af charge in m3/u cottrilazond
by the rxain, 1f any, on the teporacy sNoW-covered area.

s C, H, A
O = S M1 A ¢ 6.26)

86400

Where 4 is the discharge contributed by the raitfall on

the temporagy snowcoversd axes

Ci is the nunoff cuefficient accounting the loass in the

temporaxy snow covered soea Ay in mz

Hy &8 the rainfall in m Sy the tenporary show covered aares,

86400 im the numb&y of seconds in o day.

Vaing the equation { ¢.23) hydrograph cen be plotied,
The deily discharge ¢ u3/s } due to the rainfall, £ any,
falling on the nonsmow-coversd axea s given by
Gy = CyHya, ({ 4.28)
—_

<

§¢ Yoo



108

w¥hera G, ip the dischargs countributed by the rainfoll
on the non onoweovernd agea.

uz i the min 0ff cpafficlient in die DNOoLOW=COVEXsd

aroea hg in n2

”2 in the rainfall i m in tho nonshovw-govercet zone,

86400 L8 the nu. of gocundn in thy duy.

This dinchaxyn % can bo cuparicponcd on the pons day
on the hyﬁmgraph obtained by oquation (4.23), 1f£ tho
tima of the concenmtration of ?atchmaut, providod wonil
and having appreclable gradicnt, is loos thaen u\ day.
Henco the zhm totsl doily dischurge chuo obteined ip

Q{mml‘.}’“ = an)'n - § Q‘.y)n ( 4.26)

Fhe hydrograph thug obi:ained by uving the
ogintion { 4.20) should lend %t a buttor sgresment with
the cbsarvad hydrogreph oxeiuding tho bary £low.

"I’M.m mothodology ¢an 2= used in smll remote
catehman to whezo dewa sré limitod, Ucually a valley
stution condidorad as the bage station provides ths -
input dita o the computution of tho daily onowmnale
di schargo., Mmis mothodology hao boon axtonded to ba

waed 4 the Hangli <eatcliment,
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44 ANALYSEIS OF SEAS CATCHMENT WR SNOWMELY RUNOPPS

™he hydcologieal condition of the Hisalayan catehments
19 & ceplen cne; Aince mORt of tham age partly oversd with
snow st the bigwr alevation, snd rain fad, av lewer slevation:

The westher system that gmerally omwes preeipttetion
in the Himalayan Tugions are the Hewoon and ehe Wetym, dletare
bances. The year in the Jess askclimnt may be eiioe! inte the
folleving feur sessons,

s} The snow accumulation period,

This period reflars to the wonths from Decesber te wid
March, fregipitation in the form of snow and slest, vhich
generally sscurs in the datdhwent £ assecleted vith the mowes
mant of the Wastsrn Disturbanows sgross the region. The flow in
the Sean catchmant ia mainly due to the groundwater supplemsnted
by sewe Fuin and snowwelt in ghe lewer hilly regicn.

B} The sneweit peried.

mmwmummmm fyom around mid Nexch
to Md June. The mmm level 1s mostly ocaintained in the
MMWWM and the subsequent Bk lifting of the
£resging Jevel in this pariod doe to sbove normal hesting cuutes
heary snowselt. Therefore, high inflows Anto thw river wre



110

o} The consoon period,

This peried spms fyem wid June te nd4 saptader: Beme
cetcthwent regeives bulk of fts ennual radn uring this perieds
this petied, virtually, all the precipitation s in the ferm
of ant, md consacuantly tiver flow i entiely depandent on

s8]l  THE HMDROKUGIC AND METERCLOGRC DATA AVARLABIE FOW THE
STUX

$46.351 THR TEWPERATURK DATA, o Mannde SHaToan.

The daily meximim wd sdnfmum mﬁ Han Daen collected fur
the years 1976, 1977, 1978 and 1979 from the Dews suklef link
prejent, Reserveds sud Division, Pandoh (H,P.).

 The dally memn temperature fer the melting period

considered in this study is tabulaesd in Appendix {1V &, IV D,
IV o) and ploveed in flgures  4.7(a), 47000, 4071000
d.8.3:2 THE DINCHARGE DATA,

The Gally discharge deta collectad for Parvati riwer,
Sainf river, and Tirthan river free 1973 to 1979 has been
adeaingd from the Dirsctor of Flant Deatgr, Sunder nager (HaPe).

' the daily discharge data for the Manall exd Larid gwuging
stations for the peried 31978 to 31979 and 1973 ¢o 1979 respectively
has besn gollectad frow the Bass sutle link préject,Resecvelr sub
Division,Pandeh (H.F).The Alacharge dats st Laril fer the sonths
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of April and May i sissing fer the year 1973, The daily
discharge of Das river at Mansit gauging staeien excluding
the base flov for the yaars 1977,3978 and 1979 during the
melting period censidared fn the study is caduleted in
Apperdix { X3 u, X1 b, XX & ),

4e8u8s3 THE BAINPALL AND SHONFALL DATA,

¥he rainfall and snewfal) data fer the Manslf statien
for the ysars 19% te mﬁw adtained thy rouch ghe eftics of
8.8, Planning apd Mt?»‘g?ﬂ XX, Ha08,2,8,, Sonday Nager
(BePu) e '

The dsts are tabuleved in Appandix (V s, VD, V ¢, and
VI 4 VIR, Vi cly The rainfall dsts and the vaser equivalent
of the anowtall are plotted in ehe figures { 4,8(s), 4,8(0),
4.0(e) ¢

dullolod TRMVERATURE IN DIFFERENT BLEVATION SONE,

The Kanali cotehment hae Deen divided fnto five elevatd
3nes At the omtour inderval of 2000 & (610 n) e indiceted
in the table noe (4€) dalew,
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of April and May is missing fer the ywar 1973, the daily
discharge of Deas river at Mansit gauging statien excluding
the base flow for the years 1977,1978 el 1970 during the
malting paried censidered in the swudy £s tabulated in
Appendiin (X2 w X2 b, X&),

44805843 TS BAINFPALL AND SHONPALL DATA,

The rainfall and snewfsll dana fer the Manali statien
for the yesrs 19% te m:wahmmw rough the effion of
85,E,, Planning apd »m?‘ {ele XT, H,P.8.3,8,, Sunday Wegar
{8,240 4

The dets &re tabulsbed in Appendix (V o, VD, V ¢, and
Via, VIR, Vie)e The xaiafall dats and the water equivalent
of the encwfell are plotted fn the figures { 4,8(s), 4,8(0),
.80, | |

4ufeled TRMIRRATURE 1N DIFFENENT BLEVATION SOME,

The Nmnali estehmant has Deen divided into five slevation
nes st the emtour interval of 2000 £& (610 n) o8 indiceted
fn the table nos (4.6) belew,
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Tevle nos (404} Aves Between elovation senm;

ittt .

Area of

A

8.Ko, the sones Ouad)

slevation gens 2t

6000 « 9000 23:5
B0 « 20000 45,89
30000 « 12000 | 10461
13000 « 3000 109,908
34000 Wnd e 8157s

o A e W

Tetal %Mo)

‘The medius height ie considered o be representative of
asch slevation yones Using the lapse rabe for every 1000 £t an
ma%mmza torperceure for each weme s seleulated ty the
sguaticn {4,1) with respast to the Ltewparature rederdsd at Menali
station. Wnich i considered to he the Duse station &t & helght of
B954,02 £, Bimiisy valuss of lapse rake as 1553% per 1000 #v
(305 m) have baen sheesved in the eatalwment by using twrparsture
data of Nanali ond Phamtare Bhuntar has an elevstion of 3358128
gt (10246n) and §a Jewsted further dmm strean of Manall {1830 w

ﬁ posttidns terparatures sbtained in the Sifferent senes by this
lapss rete are tatulated in whe degres « day colusy in thoe
Appentix { Xe, Xn, Xa).
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46,158 THE SHOW COVERED AREA FROM THE SATELLITE IMAGERY,

The cnly satallice imagocy availahie fer the year
1977 (Eigts9 ) boe bewn tnesrporsted in this study (15), The
aatalliee imagavy of seale 112%0,000 18 shows &n the figqure (4.9,

Einte the other setelliite Smiperien of Wm 1975 e
107 m@mmmmmmmﬁﬁmmmm
singe the saoe2all of 1978 and 197 4o NS e Y vimes ehet of
A977, 3¢ 4n ceagluded that the Manald cebctewnt v conpletely

govered by oy before the welting pericd of 1979 und 1979,
(A 2y ot 57 7 I bt o sl by

46o2i6  THE PRECIPITATION IN ™5 DIFVRAENT ZORES,

| a) 3t fs found ey the precipitetion, snow as weil as
rain, in the seuntainous regions increase with slticuds due te
orogeaphie stfegty The ineremsntal values for ¢he raintall and
snewifeall for esch 2000 2¢ zise in altitude have Dewm edopted frem
the aimdler studies wonducted in Brieieh Colusbia (9), einee ne
Indien dsts wes available for sstimating the sams; The increwental
valoes for the rainfell and anefall are olvan in Appendix (VIX &,
Vii b)e The snowfell and painfall depthus for di€ferent elevation
goned Updng these inerenontal values sre given in Appendix {Va, b,
Vo and Vi & ViDL, VI s

D) 2t 48 cheerved that Manall catchment generally
Leceivos $he snowfall from Novwber te arcupd mid March, The
snowfell oocuring fron Rovesber to around wid Maveh has bewn eonsie
dered to be sccusuleted a8 the stoysd water in the form of snew,
kewping in view that negligible melt occurs Guring this sesson as
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LEGEND

SNOW LINE — . — — —
MANAL!I CATCHMENT eesacte ="’
CONTOUR LINE ——

FIG.4.9 SNOW COVER MAP OF MANALI CATCHMENT
LANDSAT IMAGE DATE 27 MAR. 1977 MSS 7

SCALE - 1: 250,000

CONTOUR VALUES IN FEET
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........

the tarpersturs temaine near freesing fer slevations sbhows
6000 fre The wakar squivalent of the snowfall data during the
socumiletion parded in Hanell staticn has deen worked out
wsuning & watar equivalent valus of 10M, This has hewn ploteed
in the figure { 4,80a),4,8(0),4,80) )

The volume of watey sgored in the fers of snow in
sach slevation seme is saloulated with squatton,

Vg * d. R Ay { 4.8%1)

Whare ¥, 48 the volume of watar stored in the scoumleted
anow (#") in an elevetion Sonsy & 18 the vater squivalent,

H, is the computad depth of snowfall (n) for the considered sene s
A is the aves of e sane under sonsideretion ="

I% is gmoerelly chesrved from the satsllite ioaparies
that the snesline remdin near the altitule of 14000 e, Henos wa
consifer the parmanent snoy eevared srea £o be sbove 14000 £t &
sahs alevation sens up to 14000 Zt. the voluse of water stersd in
the fors of suow ducing the acommliation sesswen in calouletsd
with the aquation (44.1) The volume of water stored in thy form
of anow Auring the sgcumlation peried for different gonee in
diftevent years ace given in Appendim (VIIX &, VIIE b, VIIZ &)

ol THE RECESHION FACIOR
The daily recession disehargs in MHanslf ave plovesd

againat the dally dtacharge on the previous day for the years
1977 ¢o 1919 during the melting seasons a8 shown in figure (4,10}
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DAILY DISCHARGE ( M3/s)
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f0 20 30 40 50 60 70 80 90 100

DAILY DISCHARGE ON PRECEDING DAY {( M3/S)

FIG. 4.10 DAILY RECESSION ANALYSIS FOR MANALI DURING
SNOW MELT PERIOD 1976,1977,1978 AND 1979
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he recedsion faetex k 4o dexived frem the slops of the
straight iine 2itend to the plotesd potlnts & 0,90, Sintlar
valuse &lsC have bean adtsined An gecession analysts eavried
otk in Ste Louvis orwek near  fraser, colorsdo (4), The
snormalt sunoff recupsion curve for Maald is ohown dn the
tigure {4e11) e

LD T THE BASE PLOW

The Dasa flow for the considared year has deen taken
to be the nintwus dlscharge in the graundwater period, During
this paried virtusily, all the precipitstien is in the form of
snov and consecuently river fiow is entipely dependent on the
ground vater dischargw. The Dbase flowe for the years 1977,1978
and 1579 are etsecved o be 8,27 m/e, 11578 /s and 14,27 n¥/e
48,19  CONNUTATION OF SHOWELT msmxm

With the degres dey methed mmw 4,8) mwu!u y

is conpussd with different valuas of the degres day faator so that
the twdrograph Plokesd with thess conputed datly snemeli dleehurge
is rossoaskle sagehing the sbeexved divewt runoff hydroge he

The yesr 1979 his Besn teated Eirst bogwue it hes Jess rainfell
a8 cwpexed ts 1978 and A9 Guring the melting semon. The
sultable valuse for Gagres day fagtor Zor the monthe of Wareh end
ApEA) §a working out to b 0,0018 on e &1 and enat tor the
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mmumua.mmm'cd“‘. Thews values ave coming
around the sverage value of the Wwvﬁn’cd"*
ghvens An retarenom (23). |
The month of May gats the higher valus of the dagree
day fastor sines move snowsell 15 €0 e chesrves 85 the deme
perstures in this month is reletively higher and perssets for
more hours of the day than the sthor two sunthe. The degres day
factor 1is alse yelatad £o the snow denafty & has bean digcussed
in chaptar 3 fyom peferenos (8}, The snov density in May don 4
heavy salving san have higher valuss thee those of Hereh ond
Aprils The melt dus te the Fainfall as cosputed by equation (436)
is alse included snow o The wmelting of sner dus to the raiofall
in saeh wone 35 caleuleted and Sebuleted in Appendin (X o), Waen
whe sgustion (6.7) the welt fn a1l the wones are ealculsted and
suemsd Uy There are tsbulated in the last solum, wnlar the
into account the setention effest and the lessen dus to infiler -
tion and wwaporstien squstion (4.17) 1s used to get the delly
snouselt Slecharge gensidering tiw welt fros all ¢t slevation
sones, The losces in eguation {(4.17) 1s glven & volus o2 10%;
Henco the coszicimnt "C™ fn the squaticn (4.17) gets » value of
a,mb.‘fmmt valus hes bean found and used in @ similar wiudy
in Otwolrgu waker shed in Swilezeclapd (0}, Thess scopuced dally
Gischazge Are plettsd against the dbeerved divest runef? hydrograph

52'{4&« Ay ks %74/9‘ p{e,‘_,,,i/g" ; /0#&2-@ LMQZK At

s Ay a e dbs - T o, il i %WM A AN
M"" A Y WVM_:F{Q_'_,{DMK e AL~
Zﬁ‘”ﬁ:wﬁ"%w n nts e
WQ&?’M ar Comndion ot (e Mot ~ AAS
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ax shows in figurs {4512 &) A ressonadls sorrenent is odwerved,
The daily eslculatsd snowmelt Glegtvsge for the yeir 1977 and
1978 are slso calouistsd, These yre tabulaked in the last column,
uneler the elevation sone sbove 14000 £t tadble, in Appsndin

(X b and X ¢)4 The mslt due to the rainfail eféect fn esen saue
for thass yesze ape guloulated and taduleted in Appandix {IX b;
IX ¢ Fiw computed 4atly dlssharge are pleteed sgalnet tha
sbearved Siract runeff hydregraph s soown in figurs {4.312.0,
4385} The daily snowsle dischorge i calouleted by thw
sguation (4,17} and the values are tadulsted In the Ind celum
of Appenfix (XX a, XX b, XI ¢)

46,10 COMPUTATION OF THE AUNOFP CORFEICIENTY FOR HAlN N
oN
THR SHOK » COVERED SKEA At W& O ONOMLCOVERED AREA,

Taking into account the watar budget for the Concerned
sovered melting peried the difsarwnes between the cumulative suw
of the daily ebsarved Glscharges <@, exciuding the base flow
and the sumulstive sum of the daily wnowoelt discharge<q, 4
squal € the total discharge centributed dus to the rainfall

S Gy & given by the aquation (4,38) 4o,

% 2R 40

The tetal disehargs 5 G, ¢An De written &

s c’(zvﬁx A . ‘»cz 1233) A
% * mioo | #6400
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80 |-

DAILY GAUGED DISCHARGE
EXCLUDING BASE FLOW
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501

40—

30L-

DAILY COMPUTED
SNOW MELT RUNQFF ——
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MAR APR MAY
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FIG.4-12(a)DAILY COMPUTED SNOWMELT RUNOFF AND DAILY GAUGED
DISCHARGE (EXCLUDING BASE FLOW ) IN MANALI
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DAILY GAUGED DISCHARGE
EXCLUDING BASE FLOW
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MELT RUN OFF
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FIG.4.12(b) DAILY COMPUTED SNOWMELT RUNOFF AND DAILY GAUGED
DISCHARGE CEXCLUDING BASE FLOW ) IN MANALI
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60
50
DAILY GAUGED DISCHARGE
EXCLUDING BASE FLOW
AN
40
0]
30t
m; DAILY COMPUTED

SNOW MELT RUNOFF

DiISCHAGE

28 3% 30 3
MAR APR MAY

19077

F1G.4:12(c)DAILY COMPUTED SNOWMELT RUNOFF AND DAILY GAUGED
DISCHARGE CEXCLUDING BASE FLOW )IN MANALI
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O ten Wheee 28, 1s the tetal dlscharge contriduted by

the munmn% Guring the miting period, C, wnd €, are the
mmm coegiicients mmmmmmwmm
ares reepactively, sH, anA<H, Are the total of the datly rel fal}
dapth () in the temporary soow coversd area A, (W) and uwe
noneshon covered aren A, (a7, mmsmm»wuum in
8 days o toceanion tlowe prior to and swequent to the mm
setive xelt periof of 1977 to 1979 have been obtained with the
help of the snowmslt runeft recession cuorve in figure (4, 31)3%
Thess have been scosunted te get the values ofZ@, wd i@

The valuss of e S @, 2@, Az Gy are glves in
the abls no (4.9) belews

Table no. (4.9 The cumulative sum of dsily ciwerved
dischorge, the custlative sum of Aaily snowmelt discherges, wd
the totsl dlechazge due te the reinfell during the melting peried.

Year Cunulavive sun Comalative Torsl dlacha
ot the m:.y sum of the dsdly dua te xdntﬁ.
abmml &ischnrge mmlt discharge (3 8y 0w

= /3) during the  (p ) furing the melting peried
mliing peried welting peried 5O

‘i"' 62»,4,;@,2 2@y '.____,
1979 307137 2V75,08 206.23
1978 318,79 4558.78 357.04
1977 162,48 - 982,78 499 .49
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The tokal runesf Qus to raingall on anew covered ares
and nem snow covered ares during the melting period 1s given in
the table M“aﬂ below,

gable nos{4a8) . The toral discharge due to rainfall oo
SAew covered Avsh Wnd non Snow covered area during the melting

Yoar Total discharge dus to ralnfall during weiting
poriod m

m mm ﬁun o m Snow covezed Aren.
(1 My A/85400) (n)  teh, Al/88400) (nys)

1979 262,23 38,98
197 £32,48 14341
197 §19,02 648,51

By using the values in teble noy{4.9), ana (4.8) in
aquation (4,19}, tnres linear squations are ubkeined as given

206.21 = ni 282,23 « ﬂ’, N, 08

357,04 » -ﬂt_ 832,43 + &"'2 142,43

449,87 » O‘ 419.0% +» -Ga 840,81

The linesr sguations aye selwed Dy waing the method
given in segtion {4.5.10)s The values of C, and C, thus entained
squal 0,595 md 0,378 pepsttively,
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$6.0:06 BROVMELYS DISCHARGE AT MANALY GAUGE SITE IRCLUDING
THE RAINFALL RUNOFP,

Part of the rain falling on the snowe coversd ares
flows aleng with the snowesits The dally dlecharge for the melting
patied for 1977 to 1919 e thus ealeulated by the squation
(.23} snd tadulotsd in the $th column Appandix { X2, XYb,X1e)
The dischargs contributed due to the rainfall oo the non snew
coversd axwa is super imponed en the hydrograph ebtained by the
squation (4.33) co the very sams day sinee the time of

concagtration fer the catetment §s less than a dey. The dlecharge
| fncluding the runeft due o tainfsll on thw nonesnow coversd area
is tamlaged in the Sthy column Appendix { XTs, XIn, Xle)l: The
hydragraphs thus edtained Dy thuse cwputsd dissharges are showa
in 2hgurss { 4,138, 4,135, 4:13c). With this consideration thers
in an lspravenett in the mesult, A Tessonsble Agreemeat is these
batuee the omputed hydoegrarh and the m-m%mz
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golL. DAILY COMPUTED SNOW MELT RUNOFF
INCLUDING DIRECT RUNOFF DUE TO RAINFALL
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FIG.4:13ta) DAILY COMPUTED SNOWMELT RUNOFF INCLUDING DIRECT

RUNOFF DUE TO RAINFALL AND DAILY GAUGED DISCHARGE
(EXCLUDING BASE FLOW D IN MANALI
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8O- DAILY COMPUTED SNOWMELT
RUNOF INCLUDING DIRECT PUNOFF
DUE TO RAINFALL

70}

00—

50F
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DAILY GAUGED DISCHARGE
EXCLUDING BASE FLOW
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1978

F1G.4:13(p) DAILY COMPUTED SNOWMELT RUNOFF INCLUDING DIRECT

RUNOFF DUE TO RAINFALL AND DAILY GAUGED DISCHARGE
( EXCLUDING BASE FLOW) IN MANALI
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FIG.413(c)DAILY COMPUTED SNOWMELT RUNOFF INCLUDING DIRECT

RUNOFF DUE TO RAINFALL AND DAILY GAUGED DISCHARGE
(EXCLUDING BASE FLOW ) IN MANALI
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DXGCUBSION, CONCLUSION AND SCOPE FOR SURTHER 6TUDY

g’g i, DbIscussIOn

Remote senaing has proved to be an
invalyable ald in monitoring resources in inaccessible
xegions. Snowtlapd Himalayas from which many rivercs
originate pose s formidable problem for goound survey
or even aerial arveys for the estimotion of mow-cover,
Orbital rwmote ssnaing systems particularxly with the
advernit of LANDSAT sexicas of satellites, has opsned up
new visstas for monitoring snow and escimating the

total quantity of water gtored as mow,

Bnov melting is o thermodynamie proceas.
Thus the investigation of the processss depends basically on
the accuxats peamizenant of the various factors influencing
the transuission of heat to the snow mentle. Xt &4 found
that the heat within the atmosphare $8 the suain factor,
The problemn 43 then laxgely compatible with an gdequate snow
tover, precipitation in the fom of rain on snow axea and

the relationship of these values W the rute of anow mmlte,

Conslderable diffexences in altitude,
ond therefores in climate, g0il, and vegetative conditions, are
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spoei£ie footurcs of muntcmianh sives basin, Thoraforo,
such bBusins aro usuolly dividod into olavation zonep for
the otudy. Bocours 0 the tir? difforones betwoon tho
accurnlation of scagunal mawpwk and ito wsiting, tho
foroennt of ponsunol floW may be prepoarod well in bdvanco.
Tha ponsibilitios for forsensting axo most favouiabla for
those areoas Hhoro :ainﬁ&lnng during the mol ting poriod is
peares in comparision o the geoumulated winior procipitation
in the form of rao and tho votal heat infloy s cufficiont
avary your for complete molting of ¢ho psaponal ohew pack

{ $.0. Srom tho temporury cnoy covered uros).

Condiclongs for munoff in high lend rivor
banino aro cach that Jogsvn of mel ¢ water vill not vary
greatoly €xom yoar o yoar, Undar suehh conditionp, thore
should esist o gulationghip burvcon tho accumulatod wintor
procipitation cnd goacenal runofd. In prineiplo, cuch a
ralationghip con be optablistod cxpiricolly Zor any basin
£ £ obsoxvational dats are availaobla ovor g numbsye of yoars.
In practico for Indian catichmento, howvovor, tho problom
of dotaxmining cuch rolationghip L9 for from cany
particularly bocaurz of vory linited rolovent data bolng
availoble. In Indion wountain basSnp tho wator oguivalent
dats of tho opnowpack i not availablo and the p2osuxeaonts
o ﬁmaipimuon and cnay cover do n&e‘ make ¢ poosiblo
to dotorming the wuo mount of accurmlatod water and rany
sorve only for obtaining sumn indicien of this valut,
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At lgaast WO -£qawrgﬁaw an influence on
cunoff and, consequently on tha dugx«; of correlation betweon
sunoff und the snow accumalation iudex, ZThese factors sces
the m«mué Of progips tacion fox the melting ssason and the
antackient water storage in a dagin, Both 0f these fuctors
Mt 6 taken into aceount fn the duvelopment of ssasonal

sooel t runoff velations and in the preparsilon of forecaata,

In the Manali catehmen? due to the availabilicy
of 1limited data m asmumstions are made kesping in view the
phyaica of melting procass sO as to aryxive at a reasonable
ostinate of snow melt runoff, The data available for this
study corprises of sotw satelliite inasgaries, daily record of
tempurature, snowinil, and rain€ail at Hanali gauging station,
which £3 the outiet of tho catchrunt situated at an slevation
of about 6000 £t. ( 1830 w). The w«levation in Manali catchment
varies fxom 6000 £t { 1830 w) o 16000£¢.(4270 m} for the
aresd under tWMpPOXasy £hoW cover and above 6000 £l 4270 )
for ares under purmanent siow cover., This informaticn sbout
the texporary and permatient suow cover has besn obtained by
conparision of a few available sateliite imsyeries, In the
preaest suidy the arda under temporary snow covar from 6000 £t
0 140060 £t, has bean dlvided intw four elmvation zones at
an Antorval of 2000 £t. each., The variscion 0f the precipi-
tation (sniowf4ll as well as raingell) with elevation (as given
Appandix 5 VII a, VI b) and the Pupse rate ( as 1,53%C
decroass for wvery 1000 £t (305 m) vime in slevazion } have
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basn azaigined from litecrature survey. 7“hess sasusptions
r\
have bowny proved ﬂa’éfiummmy correct aa the tocsl volume
as wall as the raw o.z‘ anowael t runoff at the Manali

gauyging site lias besn powmiictsd xeasoncbly well,

The anowinelt has baen estimated by
considering melt dua to the influence of the teuperata e
and due to the influence of the rainfalling un't.ha show
covered area. The water squivalent of snow has besn
usoutsd as O.1. The lodases tron snowrel & under pormanent
a8 well as tenmporary cover have besn taken as 10%, Such
& value his been 2ound and uised in a similar study in the
moun tanous wategeshed of Digotima in Switzerlend. The losses
of rain falling on teuporsry siow covered arxes and rain
falling on the non-show covered ares h.ve Izavnn sccounted for
by computing the coefficiunts C, and C, respectively. The
valuss of thess cosfficients, C, as 0.595 and G, as c.278,
sre reapdnaklae, though aome further swidy will Xecquire
w investigute the physical significunce of the values,
The youtliny of mouwmal t after m:mnung for iloszes as
N | d & (ann, uwug/
well as axcess rainfall from tha;\mwcawnm ures has besn
made uping aquation (4.23) with the recession coefficient
for ona day K taken ag .90 and the excess rain from
non-anovw covered area hias boen assumned as directly contrie
buting for the rxunoff for thut day. The direct snowmelé
munoff computed using the above procsdure for the period
Hupeh to Hay of 1977 to 1979 compare quite well with the
obaurved direct runoff for the corresponding periods.
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8024 COHCLUSIONS

The reoud o obtained from this study frars
quim wneouraging pacticularly in view of liuitod data having
bzun wsed, Tha follawing conciualang can by drawm on tho

baogis o€ tha regul to.

(1) ™o satolifte imagoxies rovopl that the onowline

sturt dosconding o lover altitudan from Septombas to

around tho firot wook of Maren, Thun this f8 the scouwnloe
tion goocon, Afeor o £irot or cocond weak of Hageh tho
snowling starts rocceding indicnting the ongee of oho
mokeing oacon, The snov accumulation is the moxdewn in tho
year 1975 and m.nfeues in the yoear 1977, Nith thece ipegorics
one cun nmake reasonable judgoment alwut temporary and

| permanent chow covor,

{2 e imageries taken in MSG 5 fndicato mure gnow c&ifear
than in Whoca tskon 4n MSS 7 on the sems day. 'The imagories
of 22 Goprorbor, 1972,8 3 Doeaxbayx, 1972 and 2% MPared, 1973
are studlod in this rogpuet. Tho pnow covared arcap of

the gubentohmonts An Larjd csatc:!ﬁmt in M88 5 and MBS 7 nro
ploteed and a strofght 1int haoo Bacn £itred with on fnelinotion
of 37° {ral tho Xeaxino 0f the NG S, This phonomonon

reforn to the melting condition neng the gnovline ceuping
conpfderable docreasy in the xoflected noor I.R. rodietion.
#1158 5 s thug found to by more appropristo for show gurvoy

pince moloture {ntoraces in HES 7,
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(3) The snow covered arsas in varicus wbuatcmnt- have
al oo bean plotted againatr thedr cumilstive aiacharges for
Harchwhfipril-May. An exponential curve hus been fitted.
This evidently stiows that with larger aresl snow coversge
more snovpelt discharge oan be expeeted fn the melting
season. However, the snow axtents £rom the imugoeries
mist be congidered alongwith other factors very carefully
te get o meansingful estimate, Dotter pemilts can be
sxpected working with enlarged imugeries and Sdentifying
sriow in phadows., Howeveyx, dua et the rugyedness of the
terrain the “&&f.m coverad areh cannot be estimated.

{4} Using the blown up LANDSAT imsge sn M58 5 of seale 13250,000
tiated Dec, 2, 1972 the vegwtal cover and the land unae featurss
have beun intarprete and delincvated as asnoweover, Alpine
pasture, thin forust, thick forest and bare and cul tivated

land. The Larji cstchment is covered Ly snow more than

the other fsatues, which can alse bu colcliuded from

cable { 4.2,

{5} The division of Manali cutchment in five zones of
2000 ft. intarval ip altituds has Deen sdeguste,

{6} A lapse rate of 1,53°C por 1000 fx. (305 wm} has been
assigned from literature survey, Similax values of lapue

rate have been ohserved in the caitchment uasing the

teuperatilre data of Manali and Bhuntar which s further

down stream of Manall at an elevation of 3555.25 €£{1004.35 m),
Howevay, it As better to establish this velationship & if

ov Ao
& station at 10,000 ¢ (3080 m}nvmm aveilable,
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£ Only opcumed values of tho variation of procie
pitation with olovation woro busod on litoraturo survaoy.
Thoy havo performad yoa-onobly woll. Howvoer, furthers
ptudy and data is noedod to eotabliish Chip rolation,

§:) The mnowlino bufoxe the pnowmalt czacon for the
yoear 1977 wan tokon Wwith tho hoip of tho patollito fmnyo.
e gpan of scounmulation suason ves bloo concludod from
the satoilite fnagorion. Haiavor, ore patnllity imagorico
are needad for bottor xocul e

(D) The vntor oquivalont 0f tho choY was taksn as 0.1
) A
pineo the actual condition of tho rmowpock % not knovn,

€10} Tho idon of using torporature no prodominant factor
in the prociss ©f snowmptle hat given guito an wnavuraging -

~i oy for Mo _W

result. Tho dogrecday factors of 0.0018 «®C 4 oné

(—i -
D00318 o °C 4 ’; havo boan used, ‘Thery valuep arc coming

arcund tho nvmmg; valuo of 0,0027 em *C d“" givcn;;ba
licapaturan roviowad. Sineo tho rainfulling on tho shove
coverad arca Lo ceanty, no dofinfto conclusion con be
agrivod by ancurdng tho cuftabiiity of the snowrale Gua €o

rafn £alling on ¢he omoy covered arca.

£11) The enleulated valuuvs 0f ¢the lososn ¢, wnd ¢, as

0595 and 0.278 of the rain falliing on onovw covorad arce

and rainfolling on the nonesioyw covepred aroag xecpeetively

ore ganconablo though fugthoepy study 48 roguirod o fnvoentigato
tho phyploeul sigif€icanco of thesd valued,
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5.3, SOPE FOR FURGHER SIUDIES

The obcarvations of chowling, dopth, oad
Aonusity of movw, are sgsontinl for tho propor ovaluastion of
the moumolt runoff, a&dy io algo nocdod for astimating
the baco flow, tho loosos £20q thd chownole, the paos laprca
roto, the dagme day factuor &na the nuneff conficiond,

The gvallabilisy of the patoillco
rarnts aongod aatn usad in conjunction with gonvontional
methodo £33 1{Raly to Liprovo t™he occuracy of the gnownolt
farocnoto. A thorough aotudy should bo moada o o200 vhothor
tho pothotdn wiod oborad aga €0 ko medified o rult tho
conditions provailing in tho Himalayan catchpon o,
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Pally Mems temperaturs date in Manglli yese 1977

APPENDIX

> -

—

Date  Dally Date  Datly Date  Dagy ¥
( % o)) )

March |

10 o5 11 17,5 7 14,5
19 13 17,8 s 14,5
20 10 “ 17.8 %
3} M 1s 18,5 10 15,%
23 10,3 36 18 1n
23 10,5 17 17:8 12 178
- 24 12 19 1Y 13 1S
28 2 19 1 14 1.3
] 12,5 20 18,5 18 17,8
1 12.5 21 15,5 1 17.%
1 12,8 22 18 17 17
29 4 23 19,5 18 19.5
30 13,5 2} 19 1% un
n 1 2 19 20 1.8
'y " 7 22 10.5
2 14 s n 3 13,6
3 1 29 el 2008 " 15
3 23 » 19 25 14
s 1.8 ] 12,5
6 1.5 Hay 1 19 27 12

7 18 2 9.5 20 12
. 3 3 1 20 13
* 1. 4 8.9 3 13
10 17 s 1 n 14
1 17,8 ‘, 14.8



Dail Maan temprrature data in Manali Yoars 1978.

TSRS ARt AR M

<

Dats  Dafly Date Daly Date Daily

Mean Maan Nean
e e ey
March '

5 3.8 4 10 27 16
14 S 5 10 28 19
15 (] ¢ 11.8 a9 10,5
¢ 5.9 7 14 30 18,5
17 é 8 p1 } Nay

19 7 9 14 1 12.%
19 7.8 10 4 2 18.5
20 8 11 16 ] 19
21 ) 12 17.9 4 19
23 7 13 16 L 21
23 10.3 14 16,3 6 il
24 10 18 17 7 21
28 10 | 1% 19.5 a8 20.8
26 1 i) 19 9 2.8
217 11 18 16 10 21,8
2 1 19 14 11 21
29 11,8 20 4.8 12 21.%
30 13,5 21 13 13 21.5%
31 11,8 a2 16,5 14 2.5
- April 23 14 15 | 22
3 10.9 24 14,5 16 a2
2 10,5 25 16.5 1 22

3 31.8 6 13 19 2.9
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— I
Dats Daily Mean
Temp ¢ e )

19 22.8

% 1

% u
n | n

i i)

u n

% 2,8

n 23
L el

5 .8

b i}

n 1
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mmm dally rainfall is differenrt somes in Manali
Dats  Daily rainfall Cenputad dally rainfall depih

depth recerdel for different elevation wones. (tw)

at Mapall (em) 000 | 10000 | 136000
e to to Lo
8000 10000 12000 14000  19o00ee

e " *® ~n
23:.3.79 1420 1745 1,908  2.085 2,458 2,748
33,3.7% 21.730 2,648 5,098  3,MS 508 Lm48
34479 Cu52 057 047 G717 0487 -y 4
13.8:79 022 0,27 0.3 Y 087 0.47
30,4, 3523 2345 2,595 2,848 3,098 3.8
10.5:79 0,58 087 0487 0sT? 98 ) 0.9%7
23:5.79 2,33 To#48 2,895 2,045 3,198 3,448
23:8,79 Oe 94 0,90 1,09 1.19 1edP 139
25:5,79 5,98 8218 6,88 6,98 738 7.78

Total 17,08 179 19,7 2158 23,08 2%,16
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Year 1976,
S — s

 Dave Praily rainfall Cosputed deily reinfell depthe for
depths recorded different slevatdon sones. (ow)

at Manalifom) R |
6000f% 8000fC 10000fr 12000f¢ Above
- B;gﬁlh _inggau 1§§uet_ 140002¢ 14000£¢
17.3.78 8,48 R.58  9.08 948 9,80  10.28
19,378 448  5.6E5 3.5 3,998 4.8 4,498
20.3.78 1,02 1,045 1,395 1,845 1,895 2,148
29.3.78 0.3 0.39  0.49 0.5 0.6 0.7
3.4.78 0.98 0.63 0.7 0.83 0,93 1,03
04,78 1,12 1,265 1,495 1,745 1,995 2,245
17.4.78 1.1 1,95 1.995  1.845 2,095 2,8
10.4.78  4.08 4,20 4,68 5,08 548  5.88
124,78 1.72 1,848 2,095 2.045 2,598 2,848
25.5.78 1,76 1,805 2,135 2,385 2,635 2,885
26.5.78  0.9¢ 0,59 0.9 0,79 0.69 0.9
31.5.78  0.22 0,21 0,37 0,47 0,57 0,67
Total 24445 T25.80 29,50 33,20 33,90 36,60
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Batimated Gally rainfall in different sones Iin Manali
catohmnt. ysar 1977,

Date  Daily radne  Couputed daily rainfall dapths for aifferent
fall depiha ..ﬁm.lm_b{_.. - s
eyl 600 ft OO0 f¢ 10000 £t 1X00ft  above

8000 £ 10000 & 12000 ¢ uwm 100t

2 2 3 ¢ s ® )

31.3.77 0,40 0,45 0.88 068 0,75  0.85

1,477 084 0,09 0,99 1,00 1,19 L4

6.6.77 . 2483 2,045 3,198 3445 3,698  3.%S

TodaT? 2008 2,085 2,438 2,605 2,535 3,108

8.4.77 0,22 0,27 0,3 0,47 0,57 087

10,4,77 0,12 0,17 0,31 0.37  Oud? 057

14,77 Ousbt 0.4 059 049 0TS 0.89

1904077 0y44 0,42 0,59 089 019 0,09

18,6.71  Oe22 0.27 8,37 0,47  0.87  0.487

194,77 1,38 1,568 1,788 2,008 2,288 2,508

20.4.77 1,83 1.765  5.995 2,245 2,498 2 M8

2004477 Be24 10%S 1,818 1,685 2,115 2,38

254,77 2,04 2,065 2,438 2,865 2,915 3,168

26,4.97 0,82 0,57 047 077 087 091

28.4.77 172 1,868 2,098 2.5 2,395 2,848

294,97 2436 2,305 243 2,685 2,38 3,388

30,4.77  0y42 0ud? 0,87 087 0.7 0.8%

45,77 5.08 5,38 3,68 $.08 6.4 6,88

Contdenes
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i 2 3 ‘¢ s & k
10.5.97 2.42 2545 2,798 3,045 5,295 8,548
144577 238 2,209 2.838 2,768 3.038  3,28%
15.5,77 o5 087 0.8 0,77 0.8 i85
27.%5.7 Oud2 Do ¥? 017 057 0487 Ot
20.5,77 2.08 2,208  Q2.48% 2,708 2,9%8 3,208
30.5.77 042 Qq_.; &7 0«87 e MY ) 0.7 0,8%
Total 1.7 33,938 38,288 42,635 46.90% 51,338

-
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Estimeted dally snew fall in Aifferant sones in Manall
Coatthiwit
L WA " oo e M e ]

45.1378 10,80 33,05, 14438 17.05 19,55

36411,78 17,30 18,48 17,93 20,45 22.98
27.11.78 38,30 17,78 19,98 22,45 24.9%
212,78 16,20  17.4% 19,98 22,45 24,95
14,2.79 22,30 23,45 25,98 20,45 30,98
18.1.,70 49,20 83420 55,20 59,20 63520
16.3.79 6,40 17,65 0,18 2%.63 25,18
373479 8,20 8,70 270 10,70 11.90
20,1479 B0 8,70 9470 104 20 11,70
23,3479 25,20 36445 28,98 3,48 33,95
26,3470 47.20 45,20 53.20 21,20 61,20
29,3.79  6.320 0.70 770 8,70 2,70
30.1,79 18,00 19,28 2278 24.2% 2.75
22,79 16,20 17.45 19,95 22,45 24,95
16,2.79 3,20 3,70 4,70 8,90 6,70



P tm————————————————————or s ———— o —— b
3 2 3 4 5 ¢
$7.2.79 430 &0 8470 8.70 RS
19:2.79  14.20 15,45 17,95 20,48 22,93
20.2,7% 49430 81,20 85,20 59420 68420
21¢2.71% D400 9450 10,50 11,50 12,80
23.2.79 14,80 18,05 18,89 21408 23.5%
2642,79 €420 €70 5,70 6,70 7470
2.3.79 36,20 17.45 19,9% 22,48 24.95
3.3.79 48,20 47,20 51420 8%, 20 59420
4.3.79  17.40 18,68 21,18 23,68 26,15
543,70 32,40 2368 38,18 20,85 33418
§e3.79 36,80 39,85 30,38 32,88 28,38
Ta3:79 20,40 31265 M;1S 3 .63 39.18
8.3:79 13,20 15,48 17.9% 20,45 22,99
9:3.79 9,20 10,48 12,985 1048 17,95

17.3.9% M2 27,48 19,98 2.4% 24,45

Tetal 571,00 05,35 7.8 747,38 817,78




APPERDIX » VXib)

Davs Daily snhow Qnmputn& dnily snow fall dnpthu for different

deapths re- alevation sones (ow)

corded at .

Madnile &ocm 4 ta mmte :wcm ﬂ: 12000 £¢

Mana ly #8000 f£¢ - o] 50

mmcfu 100 £r 14000 £t
i r N 2. e - T $.. ;
3.11,77 4.80 5,30 6. 30 7.3 8.30
be11.77 1.40 7940 8.90 9.9 10.90
30,211,717 10,00 10,50 131450 12.50 13.50
1.12.77 46,40 48,40 32,40 55.40 60,40
10,3277 4.6 3,10 6410 Te 10 . ' 8.10
17:.12.77 16.20 17.45 19.95% 22,45 24.95
20.312.77 42.80 44 .60 48.80 5260 56.60
28.12.77 44530 (4-L0 15.45 17.95% 20.45 22.95
26.12.77  39.20 40.45 53.95 45,49 £7.95
2%.12,77 12.00 13.25 15.7% 18,25 20.7%
28,12.77 2,060 2.50 3250 4,50 550
29,312,777 2.00 3.50 3,50 4.50 5.50
13.3.78  14.60 15,88 18,35 20,85 23,35
14.1.78 19.20 23,45 22:.98 25.45 27.95% .
23.1.78 .00 ﬂ.ig) 10,50 31.50 12,90
26.31.78 45,40 47.40 51,40 55.40 59.40
28.1-?8 36;00 8“.05 ‘6155 ‘3.05 ‘5.58
2$” I

:9.;‘?“ 30.00 39535 . 4‘@’5 “.25 46:?5
Be2.78 3.20 3,70 470 9. 70 6.70
6.2.78 4.00 4450 5.50 .50 7.50

Te 218 21.%0 32.85 25.35 27.85 30.35



L

[a—y
(SA]
&

A . | S . - - S

 B.2.78 $.00 5,50 5450 7450 8450
11.2.78 13,00 14,28 16,75  19.25 21,78
13.2.78 12,20 13.489 25,95  18.4% 20.95
15.2,78  4.20 $.70 5470 870 7,70
16.2.78  22.20 12,43 24,98 27,45 29,98
17.2.79 26,60 .03 .85 32,85 35,35
18.2.78 17.80 19,09 21,58 24,08 25,5%
3.3,78 2.00 2,30 3.50 4,50 5,50
11.3.78  12.00 13.23 18,75 18,35 20,75
12.3.78 10,00 10.50 1.5  12.50 13.50
Total  517.20 548,45 610.95 $73.48

735.95




APPENDIXs VI (o)

Estimated daily snowfall in different zones in Manali
catchment. vyear 1976 -~ 1977

Date Daily snow Computed daily snowfall depths fer
, depths repor~ different elevation zones (cm)
?g% at Manaly =~ ‘ ‘ ‘

6000 f& 8000 ft 10000 £t 12000 £t

B000FE 10000 £& 12080 ££ l4ceo .

1 2 R 5 6

3.12.7% 5,80 6.30 7,30 8, 30 9,30
26.12.78 19,20 - 20,45 22,95 25,45 27,95
29.12,76 6,00 6,50 7450 8.50 9.70
12,1,77 3,20 6.70 7,7 8,70 8,70
20,1.77 20,00 21.25 22,78 26 .28 28.75
24,1,77 27,70 28,65 31,15 33,65 %.15
25.1,77 35,20 37,45 39.95 42,45 44,95
26,1,77 = 40,00 41,25 43,75 46.25 48,75
27,1,77 6,00 650 7,50 8.50 9,50
28,1.77 2,00 2,50 . 3,50 4,50 5 .50
5.2.77  6.00 6.50 7,50 8.50 9,50
21.2.77 3,20 3.70 . 4,20 5,70 6,70
27.2,77 17.20 18,45 20,95 23,45 25,95
27.2.77 17,20 18.45 20.95 23.45 25,95
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ABRENIX 3. (n)

Valuse adopted for the incremsnt of snowfall dus 2o
srographie effect,

Snewfall Inevevantal velusm of
at e gtation snoufall with alevstion
{0 om :mﬁ:mmu

0«30 1
- 40 268
above 40 40

Values adepkad fer the increment of rainfall &t to the
oregraphie affect,

Incremental valuss of rainfall
A% the bDase with sievstion
Seation om par G060 Lo,

(in om) o (810 )

61 o1
1~ 4 028

aove 4 ' 0. 40
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Botdentsa Aealont wdtor otomed 4n ¢ho oney Suming tho cosvemiotten
seooen for difforont olovaticn concs 4n Honnld oCtehont. '

- occualation vcaoont 1970 Uove to 3072 Hov. -

Slelle Blovetioh sone Voluna of ogadvalont wabes
: opcd 49 decd undag

stomnd £
B S T S AN X

e 5 s 1wl aBa LRI T oo

1e  COUOSCD 140850
24 LDO0-2000 A3080053
B - 20D0OLZ0I0 77919300
4 L2000 000D Ly et

coenrnlotden ooanent §O077 Wavs So 16978 NWev, T L

) 5! ._.; ’ — - ' ﬁf¢ - : N e — »;Z
12005000

u350109

Colasto? -




159

Caleuleted snowselt due to faln and galoulsted rainfsll
ouneff in different elevation womes.

Yaax 1579
Elevaticn some 6000 ££ ¢o BOOD fe,

Date Rainfall Degras 8 mlt Snowslt runefs {in s fron
@ A%e velwm i3 raingell v?‘ﬁ the
(‘ea) (o |
anow nonMmow
owvared covared

Nareh

23 0,003 9,95 4630510 0.8 2.88 -
31 0.02845 11.45  96378.40 8,12 461 -
Aprid |
30,0057 10,45 17859,  0.20 0492 -
12 0,0027 15,95  12767.80 0,18 0.4 -
30  0.0235 { no smow-cover in the zene) - 1.7
Kay ' |
10 0,0087 | - Oty
21 0,02448 - 1.88
23 00,0099 - 0. 78
28 0.0810 - 4,87




Elevaticn sens 9000 ££ €0 10000 £,

iy

'y 3 4 I

23 0,019%% 5,89 73569, 40 0.0%
31 0,093 8,39 182578, 10 1.58
Aprid
3 0.0087 T.39 X0999,70 O« 8
12 0.,0037 12.09 29050, 3 0,338
30  0,02598 (no soew-cover in the sone)
ey
180 0.0087
2% 0.0209%
a3 0. 0109
28 00,0658

Rlevation zene 10000 #8. to 12000 ft.
Haxeh |
23 00148 2.83 82977.%0 0. 56
31 0038 S.3) 234999,.9% 2,72
April
3 00077 4033 43948, 30 0.5%
32 0.,0047 .83 60808 ,80 0.7¢
0 002843 11.33 424569, 4.98
May
10 06,0077  (nsencwwcover in the sonel
2l 0,03%45
23 O, 0M3
2% 0,098

S.83
10,59

2.29
1.9

181
4,09

8o %4
3,38
20,49

4.14

1.97
4,51
1.74

10.52

2,49
9.5
4500
23.,4%

Coptfevsss »



161

23 0.02145 -
31 0.03MS 074
April

3 00097 .
32 00087 %2
30 0.00MS 6.7
ey

10 0,009 224
31 0,0M4S  9.24
2} 0013  Olé
26 0.0778 0,34

04339
0,339

Da 82
2,69

0. 37
3,00
OuOd
O.219

e e
y

233 00498 = - - - -
31 0.03%9% 2.17 3129582, 30 1.3% 2719 -

. hpril .
3 0007 137 15203,00 O 1B 6,58 -
12 00087 6.7 53411,40 082 4,31 -
30 0,03098  6.27 3%4271,90 4,10 23;41 -
May
10 0,0087 4,77 57439.10  0.86 6,88
31 0.0M95 10,77  476274,30  8.51 2460
23 0.,0124 {no snew cover in the smci - 4,28
i 0,073 ’ 26.08
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L RlavARion 0NN,
{ Yoaur 1979 )

Slevation mone 6000 f£t. to 8000 fe,

. o~ d . s A i AN SR AR AR SR AP A
Datve Reisifall Degres Srowoalt Suow , 3

tm) Quya volume  mel® g“rgg ::fniﬂi ”{ ".-?

teay aza}' ¢ ngls)' the mone ix |

- Now oW

covered covered

«I“L‘ “'*_,—, e

17 0,0068 4,46 136776.9 1.33 14,06 -
18 0.03495 5.45 56472.3  0.65 .66

a8 0.01148 9,48 G32079.6  0.37 1,85

3 0.0039 9,45 10926,6 0.13  0.83

April

3 0.0063 (Mo snawcoverin the xone) 1.02

[ B.H1245% 2,02

a7 0.013438 1.02
18 0.0428 3.2¢
22 0,0104% ' 1.9
Hay ,

a8 0.01909 1442
26 0.90%9 0,446

a1 0.0027 0. 204



Elsvation sone 8000 £x & 10000 f£¢

163

3 2 3 . s s 7

Haxch

17 0.0908  1.39 79020, 0.91 31,07 -

18 ﬁ.ﬂSﬂﬁ 2. 39 55“ 39*5 Q-GS 12&“ -

28 0.01395 6,39 55910.3 0.65  4.77 -

29 0.0049 6.89 21375 0.2 1.67 -

Apri _

3 0.0073 .89 31490.6 0,36  2.49 -

4 0.,01495 $.39 S0450.9  0.58  5.11 -

17 0,0159% 16,39 193701.6 1.66  5.49 -

1% 0.0468 14.45 423402, 4,90 16,02 -

22 0.,02093 9,89 129733.8 1,50  7.17 -

Herch : |

1% 0.,0213% { no snew cover in the sone) 3.41

2% 0,000 - 1.103

?_.

31 0.0039 0459
Blavation sone 10000 £t to 12000 f¢.

Harch | '

17 0.0“3 -

10 0.,0399% «

.29 0.,0059 34“3 297“07 003‘ ‘03 -

Contdy,,



1 2 38 5 6 1
Aprel
3 0.0083 3.83 41900.6 0.48 3.9 -
4 0.01M5 2.1 §3591,3  0.81 12.57
17 0.61843 11,33 272994.5  2.12 12,29 -
18 0,0508 8,33  557766.5 6.43 36.59
22 0,025 6.8  211109.2 2,44  16.89
Hay
2%  0.,02385 {(no wnow cover in the zone) -~ 8.02
26 0.0079 ' - 1,85
31 0,0047 | - 1.58

Blevation sons 12000 f£1 0 14000 fe,

Hareh

17 7.0968 - - - - -
18 0.04205 = - - . -
20 0.01895 0.27 7081,7%  0.08 14,33 -
2 0.0069 0,77 1353,77  0.09 5,32 -
April

3 0.0093 0,77 9911.61  0.11 7.03

* 0.03995 = - - 15.09

17 0.02005 8.37 239906 2,77 15.89 -
19 0.0368 5.37 399725.1  4.62  41.46 -

22 0.02595% 3.7 135400.5%  1.56 19.63 -

[o % T |



1 2 3 “:m‘:' T s 3 K

May 4

25 0.,02638 12,27 447502.8 5.17 - 9.31 {\

26 0.0089 (no anow cover fn the gone) - 3,14 \

31 0,0057 . - - - 2.01 {‘t\%\
Elovation sone above 14000f%. { \

17 0.1028

18 004495

28 0,02145

29 0.0079

April

3 0.0103

& 0.02245%

17 0,025 s.&n 1.87

18 0.0%88 3.74 2.63

a2 D.02845 2.4 0.76

Ray

38 0,0332% 10.7¢ 3.69

26 0.,0099 11.24 1.3

31 0.0067 9.74 0.78
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Salculated anowmalt dus to rain and onloulsted rainfall sunef
in diffevant slsvatien sones, Yesr « 1977 11 sunett

ol A A AT AT AL TR S I AR R S

e {mn) deys  volome msfm xainfal

o %s )

3 0088 % S858 48 0,07 D34 -

: D009 12.39 13909,7 0.8 083 -
0.03385 P09 563N 0.4k B -
002439 2,30 A18TL 0.2 1.5 .-
00037 5.9 WeiiaL 0,08 | 0,14
QL0089 7.8% | SAI0.88 0,08 0.17
G 00589 .Y
00037 | ‘ .11
001755 0.8
0401998 - OuSP
00815 | ' olé"
0202435 | o
00087 ' “ 0,19
GOT00% ., 083
B8 3% | 029
H0INEe | 0,74
002798 P ' 0.8
0,02838 073
000K | ' . O 154
0.0047 . » | ' Ould

DG4S | . : %
G DONT o _ (1% (]

ESUEEE ES BB BEBEEEE Sa v o



3

]
35

19

24
a3

28

10
14
15

825

K- P

B33
6483
B33
3.5
3.83
4.83
4.83
4.3
323

RAIN0.S
1719095
100613,7
Ri440.0
1094,
2425.2

 24Mu2

16593.7
43200

Du 08
1,99
1.33
> % ]
.12
Ou 2377
Dl
e i¥
0%
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March 31 0007 337 Hsen.1 OeM) T
april 3 0,019 8427 oD 0,93 7.08%
| ® ocoMIs AT 151002,0 1.7 23:08
T o083 227 V1808.5  0.83 17.98
80,0057 0.27 1668,27 - 0,02 © 3.
10 o000 0,17 BI04 278
31 .00 17 A81%63 0.8 488
18 0.0079 377 15186, G488  Hiee
16 0.0057 3277 1088.4 0,13, %09
19 0.02185 .27 $399,30 0,00 159
230 0.9 AT 10598.1  1.18 1478
24 00018 2,7 633086 0493 22.52
35 0,01918 L7 71728,8  0.81 17518
B 000087 2.27 20T 0. 5418
3B 0,0159% 2,27 TIN5 0.8 15,37
32 00838 8,77 A28y LW 19,87
30 0.0077 2,27 04T 3 0.9 “%
4 O848 Y 199,48 %48 »,n
§0 0.0M98  (ne snow cover in the gone) 9.12
14 0.0M38 | 8.3
15 0.,0087 2.41
27 0.007 1489
29 0.,009%5 Gel?
30 0.0077 | 2413

May



Muy

25
2%
i
a
»
4

10
14
15

29

000008
003548
0.0 3085
0e009%
020077
0.,0320%
Q40087
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Conputed dally spowmelt in different elevation zones
in Mansli catchment
Year 1979
ELEVATION 2ONEs 6000 £t to 8000 fe

Date Degres-Day  Dall snow Daily snow Equivalent

(% a) melt volume melt volume of water
| ) (m%/8)  Fomm ot Snew (n3)
1 2 i 4 s
March
18 4,95 209652.3 2.43 13845756

19 7.45 315537.3 3.65 13530219
20 . B8.45 357891.3 4,34 13172328
23 9,45 400245.3 4,63 12772082
22 8495 379068.3 4.39 12393013
23 8,95 379068,3 4,39 11967642%*
24 10,45 442599.3 5,14 11525042
25 10,45 442599.3 5,14 11082443
26 10,95 4637763 5,37 10618667
27 10,95 4637%.3 5,37 10154890
28 10,95 463773 5,37 9691113,7
29 12,45 527307.3 6,10 9163606 4
30 11,95 506130, 3 5.86 8657676 . 1
n 11,45 484953, 3 5.61 8076144, 4%%
April o .
1 12,45 527307.3 6,10 754883741

2 12.4% 527307.3 6.10 7021529.8
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3 2 5 ] s
3 30445 44289903 5413 6381270.0"
¢ 311445 454953, 3 5463 607631,5
5 12,98 548484, 3 6434 . 852783302
6 12,95 540484, 3 6,34 4979340,%
7 15,45 = 569661,3 59 4409587,5
] 14,48 612015,3 7408 379%72,2
® 14,48 §12015,3 1,06 3165658, 9
a0 35,48 E5429.3 1.87 25312876
1 15498 67354843 7e82 1885741, 3
Blovation zone 6000 ft. to 10000 £4.
13 SaB9 59048, 3 139 3328981,5
i3 da9 392450, 3 3494 12891968
s 5,0 863092, 3 5,39 32414873
(3} 5,30 . STASM,S 6.81 3843338
22 500 526613, 3 6,10 31318833
23 5,89 526619,3 6410 17161420
TR B 65097643 768 30055166
25 739 8609753 .68 29394190
26 7489 733697, 8,17 20888492
29 7,89 76%697.3 817 27982798
28 7,09 705697.3 Bel? 27982728

Contdees
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2 2 s s s
29 P.39 SXER0. 5 D ¥2 2BE08 284
30 8,09 795739, 3 9,20 75311144
3 8439 780418, 3 8,69 248991400+
Apxil "

9439 35080, 3 2,73 24086208
2 9,35 339860, 3 9,72 23218437
3 7439 660576 .3 7485 225264819+
‘. 8,39 750418, 3 885 21778033
. 2.0 8845813 19.29 2089143
. 9,89 884561, 10,24 20008 7
7 10,39 929302,3 30,78 19077558
b 1139 1018744, 3 11,79 18058624
9 11,39 1019744.3 13.79 17040079
10 12,39 1100186, 3 12,83 15931893
11 12,09 1182907, 3 13,34 1477838

Elevation Zens 10000 £§ &0 12000 m

Hapeh

s - - - 77191930%
19 3.33 250483 .89 7766548
20 2,32 4367343 5,08 77230214
23 332 627033.3 Te S 0B
22 2,83 532883.3 R TS Y WOT0258

ContBesees
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v o = o b W 3

23 2483 532883.3 617 1s4seam ¥ ¥
24 4533 615330,3 .44 24639107
28 4233 815330, 3 ) 1568237177
26 4,03 909479, 3 10,53 72014297
” 4,03 POPETD, I 10,53 72004841
20 4,83 POPMT9. 3 10,53 71005339
29 0,3 1191926, 3 13,80 £9903412
3 5,83 0977173 1m 68905 38
n 5,33 100348,3 11,62 87767007
apxid | | |
8433 1191936.8  13.80 66578081
6433 11919263 13,60 65303188
4439 6153%0,3 9,44 6452387804
5,33 10028,3 11,62 6 3520280
6483  1268075,3 14,06 62234178
6.8 . - 1266075.3 24,80 40P45ORD
7433 135092443 15,97 595867075
8,33 - 1866522,3 18,18 57999353
B +33 1568572, 3 18,18 55441287
10 9433 1756620,3 20,33 SATZ4448
i1 0,83 1050869, 3 2142 8287477
Elovation zone 12000 f& to 14000 £&.
1 - - - -
1¢ - - " | -

- ComtBess e



1 2 3 4 s
- . ; R
20 - - - BITBAN
a1 0s27 $33857, 1 0482 89723081
22 - - -
23 - -» -
24 3027 281171 2,91 5471944
a8 1,27 251317, 1 2,91 69220827
26 377 Mo82.1 4,08 28870843
27 177 99821 4,08 88520053
28 197 99821 4,08 88170851
29 3,27 64857701 7,48 87524304
30 2,77 54771241 634 88976592
i 2,37 4e847.1 5,19 BAL4TDIM
aprid | '

3,27 84657741 7,48 85768215
2 3,27 84657701 7448 85121638
3 127 2818174 291 a4885228%e
' 2,27 448847, 5,19 84408 301
s 2,77 748442, 8,63 83060939
6 3,77 745443, 1 8,63 22018497
1 4227 844307,1 2,77 81071189
0 8,37 10420371 12,08 01029182
o 5,37  1042037.1 12,08 75987115
30 6,31 123976743 14,3 8747348
11 817 13386321 15,49 S77462104



Elevation stoe above 1HI000 f£t,

Date Deagres days Snow daily Sum of dalily snew melt
("ed } :mg male from a;g the gones
— — " /W e Cwm /su) |
N T .
Mareh
1 . - | .39
19 - - 11,08
20 - - 14,80
21 - - “ 18,%0
22 - - | 15 .66
23 - - | 19.03 &
24 - - ' 25,144
15 - - 25,14
26 024 0.41 28,53
27 0424 Dedl 20.53
28 O 041 | 26,53
29 74 2,96 4. 08
30 1,24 2 3422
3 Qe 74 | 1.26 39.M4%
Anxdd , | |
3 374 2.98 ' 40.Ch
2 174 2,96 40,06
3 - T 39,00 *
4 Oy T4 2626 I
5 2.3¢ 3.8 33,90

Contdens



1706

S S S S
6 2434 3.81 43,90

7 2,74 4,66 47478

8 3074 6,37 55,48

o 3.74 6437 85,48

10 T 8,07 63:18

11 5,24 8,92 85,99

Aprid |
13 15,98 675546, 7,82 1377082,2%%
13 15,98 67554643 7,82 701835,9
U3 15,98 67554643 7,82 259084
15 13,98 2898948 0430 o
Aprild .
12 12,69 1182907.3 13,3  L3sp6217M
13 12:89 1152907, 3 13,04 12443310
14 12,69 1152907,3 13,3¢ 11300408
35 10,89 974023, 3 11,27 10316319
16 9439 BIDASC,3 D472 94T6519.8
37 12,89 1152907, 3 13,39  5323612,2
18 12,39 4 1100266 3 32,83 T115425,9

ContBessea
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I S, - - N Y- it
19 13439 1018744, 3 11.79 6195601.8
20 10,89 974023, 3 11427 4240838
21 10,89 974023, 3 11,27 4240835
31 13439 1197628, 3 13,98 3051608 .7
} 14,89 130791, 15.41 1719215, 4
24 1.3 1387070, 3 14,90 43214%,1
as We29 432148,1 $,00 °

 Apzid

13 .83 | 19800693 2143 5096161000
13 9,03 1850569, 3 21042 49110840
14 .83 1850560, 3 21.42 -  413%9872
15 7.83 1474373.3 17,08 43769299
1% 7.3 1380224, 3 15,97 © $44030%
17 9.83 1850989, 3 21.42 42852088
10 9,33 1756820, 3 20,33 407952486
19 5,38 1969832,3 19,18 39226744
20 1.03 1474370,3 17,08 s
a 7483 1474372.3 1,08 36277908
22 10433 1945118, 3 22,81 34332078
23 11,93 2327565, 3 25,79 32108313
24 11,33 2133416, 3 24,69 . 20971006
28 31,33 2133436,3 24,89 27935400

L 15,33 2510012, 3 29.0% 28328460

ContBaunn
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s v e

) & s T
27 13,33 28100123 29,08 22810455
28 15,33 2810012, 29.08 20308443
29 12,83 2435063, 3 ‘?‘?&W 17892880
30 11,33 21334163 24,89 15334204¢¥
May ;

A 13,32 3733478, 43,21 11600818
2 11,88 0VEIMN 4532 7702578, 2
) 13,33 1733478, 2.2 39690977
4 8,83 29096748 33,68 10594229
% 9433 1059422,9 12,26 0
April

12 &7 13398321 15,49 7607008 v*
13 617 13366 321 15,49 74731427
14 6277 13306 323 15,49 73392708
18 77 S431721 10,91 724496722
16 %27 8443071 0.1 71605318
17 6477 . 13388321 15,48 70266683
18 6,27 12397671 14.34 69026916
19 5,27 3042037 13,08 67954879
20 'R 3 9431721 10,91 $'1041707
21 417 9431728 10,91 66098538
22 y 1434971 18,54 62926945

ContBavues
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IR S A e

R .U, AUV USRI SN
24 8,29 - s3suNn 18492 81291718
13 8e 37 16352371 18492 59595491
26 10,27 20308873 23,50 87625004
27 10437 20308671 23,50 LTTTLIRL
28 10,27 20304871 23,80 5355443
29 9471 10318221 232,38 £3632608
30  Be7 16352272 16,92 456431004
May | |

1 8,27 20618474 33.10 45701461
2 8,77 303466112 35,12 437468

3 8,37 20818474 33,10 40885153
4 .77  10PPE5TOS 23,11 INBEOLTE
s 6437 21695934 25411 © 3710982
6 7 3304523 18410 35414458
? - 13045236 15410 34300934
8 3,77 13045236 15,10 32805411
? 5:37 18235649 2%.10 - 30981844
10 477 30505533 19,10 208712980 %

A3 S04 8.7 69.23%
13 Sedd 8,93 66,99
7} 8024 8,92 88,99
15 3024 X 45,08

Contdyesse
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1 3 3 ¢ s
16 1.74 2498 3843
17 524 B.92 59,17
18 474 8.07 5.5
19 374 6437 48,37
20 3,24 5,82 44,76
23 3,24 .52 44,78
22 PR 9.77 62,76
23 V424 12.33 13489
24 6474 11.46 £9.99
28 6474 31,48 60,09
26 874 14,88 67.43
27 Be74 14,08 67.43
28 8,74 14,80 67.43
29 Be24 14,09 64.34
30 6474 11,48 6 . 60
Hay

1 GoT4 30.08 06 .39
2 Te24 21,57 101.81
3 6474 20,08 96439
4 4,24 12,863 89.42
] % 4,12 53,49
’ 2424 6.67 1.7
7 2,24 6467 23,77
g 2,24 8,67 21,17
9 3,74 1114 32,24
10 3,24 9,85 20,78

Centdecnes



A2
13
14
3
16
17
18
19
20
a

i1
a2
13
34
1%

%)
18

2169592.4

2342608 .1
2342608 ¢ 1
1M 578.6
234260841
2343606, 1
2389592, 4
30M863,1
IBSIT02.4

31T
0216

14,13
15.81
15,461
12463
15.61
15.61
17,12
23.97

25,10

21,21
27,11
231
2711
1.1
25,10
35,12
4113
43.13
¥.108

man
4273
42,73
38,74
42,72
42,72
9,322
5449

/201702

2418509%
2181649
10819911
17477308
15134698
12865107
99304481
836 74N?
250029
o

Contlss voe



H 2 W:; T 4 - W
——— - - s —
3 8,79 .09 87,27

20 924 2753 70.46

ai t 1% 27.53 73,00

az G240 18,59 18,59

23 .24 3,89 379

24 4437 12,72 12.73

25 .77 P4 D74

16 0.24 G72 C.HI9*

27 - - -
28 - - -

29 0,74 7.0 2.20

30 D74 2.20 2.20

-3} 3,27 9.7 974

** ghe volums of ancwmals due to rainfall is also considered,
* the snewelt due o8 rainfall is alee insluded,



SasChmsnt Yaar » 1978
Elevation xzone 8000 - 8000 f¢.

D Degres Datly Kwit Vol Dmily snow  Equivalent vol, of

Dawe Days male water remsining in
{dug. cd) ¢ md)x { m'/u) the form of snow

. ¢ mYx

12 3 7 4 8

Raren

13 1.95 828903 0.96 12079125 ‘

14 3.45 146121.3 1.69 11933003

18 4446 198998.9 2.19 11744104

16 2.95 167298.) 1.94 11575800

17 4,46 130898.8 2449 112731329

18 5445 230839, 257 109853 31w

18 5.98 252006, 292 19733825

230 8.45  273183.3 3.16 102160841

31 6.45  273183.3 346 10187458

22 S.48  230829.3 2,67  9956629.1

23 8,98 379068.3 4039 9577560.8

2% 8.49 357891.3 4414 9219669.5

26 845 357891.3 4,34 1861778,2

28 9.43  400243.3 4,83 8461532,9

27 9.45 400245, 4,63 AOG1287.8

28 9.3 400245.3 Ae63 1628962, 79"

29 9,93 421422, 3 4,98 7196613.0%"

20 9.95 4214323 4,28 6775191,5

K} | .95 421423.2 4.88 6353769.2
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1 3 3 ‘ s
April . | |
1 8.95  379068.3 4,39 5974700.9
2 .95 3790483 4.3 5595632, 6
3. 9,95  421422,3 4.8 5132309, 7%
s 8.45  357391.) 414 4720837, 1
8 8.45 337891, ‘.14 43629350
6 9.98  421423.) 4,98 3941513.5
7 12,45 527307.3 6.10 3414206.3
Moy - SLEVTION FORE o —lenes fio 30358108
1 0.39  34883.3 0.40 30323222
15 .39 124324.) 1e44 30198899
16 0.89  79603.3 0,92 30119295
17 2,39 124324, 1.44 29915950%%
18 2,39 2137683 2.47 29646145%*
19 2.89  238487.3 2,99 29387657
20 3.29 303208.3 3.51 29084449
n 3,39 302208.3 3.51 28781241
22 2,39 213766.3 2,47 WSEIT5
23 3,89  $24813.3 d.10 28040661
24 5.39  482002,3 5.58 27558569
25 8.39 482092.3 $.58 27076417
26 6.39  571534.3 6.%0 2650494 2
27 639 5714M4.3 $.40 2500008824
29 6.39  §71834.3 .60 15306063
20 6,89 616255.3 7413 246686710
30 6.89 . 616285.) 7013 24052415
T 6.89  $16355.3 7.13 23436160

Contd,es



2 3 ‘ s

Apxil

1 5409 526813, 6. 10 22909347

2 .89 526813,3 6,10 22382533

3 3,89 516259.3 7413 21734782%¢

4 5.39 432092, 5,58 2120226 3%

5 $.39 4820932.3 5,58 20720151

6 6489 616295,3 7,13 20103893

7 9.39 819860, 3 0.1 19264036
ri3 . Dlevation zone 10000 - 13000 ft .

14 - - - -

18 - - - -

18 - - - -

17 - - - -

18 - - - -

19 - - - 70449604

20 0.23 62138.2 0.7 70281465

21 033 63138, 0.72 10325327

22 0 D - .

23 2,33 53238, 3 5,07 69792444

24 2.33 438734, 5,08 49353709

25 2,33 438734.3 5,08 68914975

as 3.23 627932.3 7,26 68287943

27 3.33 627032, 3 7.26 87660910

28 3.33 627032, 3 7426 65961675+

29 3.83 721183.3 8,35 €6210709%*

30 3,83 721183 8,35 65480526

31 3.9 721183 .35 64768343

Contdess



1 3 3 4 3
Ay 2.82  531000.3 6,38 64239243

2 242 531000.3 6815 63706343
3 3,83 72118 8,35 629432500
¢ 2,33 438734.3 s.xm 62430034w
8 2,33 43874, 5,08 62012199
6 283 438734.3 5.08 61573465

9 6¢3) mm'm 13,80 60381539

w13 . Rlevation wones 12000 ft-140002¢

1 _ _ - _

1 - - - _

16 . _
I - _ .

1 _ _ B

19 _ - - i

0 X - _

2 - - _

2 _ - _
a3 - - -

% _ : _

28 - - 80844107
26 0,37  $3387.1 0.63 20720719
27 0.27  $3387.1 0063 80737332
28 9.27  S3387.1 0.62 BOETERE4*®
29 0.77  152252.8 1.76 BO654 3854
2 0.77  152252.1 1,76 80552033
31 0.77  182252.1 1.76 0349780

Comtdeeese
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3 3 s & 5 _
Apral :
1 v » - L ey
§ 5477 183252, 1 1.76 $0187617%
3 - - - -
8 - B - -
8 8.79 152383.1 .76 80035368
7 3.27 046577.1 7.48 9388788
Elevation wone above 1400 ft.
Ligve Dagres days Daily snow melt Sum of dally snowmelit
¢ .ed) ¢ mﬁ)/s y from “"3 the zones
I 2 7 LA ¢ ¢ m/s )
Mav 33 - - 0.96
14 , i 3.13
15 ~ - 3431
16 - - 2,86
17 - - .87
18 " i 843
19 - - 5.91
20 - ~ 7.39
21 - - 7.39
23 - - s, 14
23 i N 16.41
24 “ - 1¢.80
25 ) - 14.00
28 B - 19.11
27 - - 19,13
29 - 21.09



et 2. e
29 23.92¥
%0 32,12
3 22,12
/iyr{(i 16.64

r I 16,64
3 23,85
‘ 18, 60*
5 15.54
$ 0.4 0.43 19.26
7 1,74 2.94 $0.06
, Elagmtion 6003«-@000 « -

April @ 12.45 $37307.3 6.30  2006898,9
® 12,45 $27307.3 6.10  2359591.6
10 12.45 527307.3 6.10  1832284,3
11 14.45 612015,3 7.08 1220269
12 15,98 875540, 3 7.82  544722.7
13 F9-ys” §Yt7 L) ¢ 20 o

Rlevation 8000--30000 ft

Arcil @ 0439 839060, 3 9.72 184243,75
9 9.39 $39080.3 8.72 17584314
10 2.3 #39960, 3 9,72  1674445.4
131 11,39 10197443 11,79 15662580
12 12.89 1152907. 3 13.34 141335070
13 11,39 1018744.3 11,79 13114762
U 11,99 1063965, 3 12.3% 32081297

188

Contdeess



ril

189

5

E W & Wi W

i H 3 4 5
15 12.39 1108186.3 12.82 10943111
16 14,89 1331794.3 15,39 9611319.8
17 14,39 12570703 14.90  8180548,3%°
13 14,45 1292436.9 14,93 6464709.1%*
19 9.39 839050, 3 9,72  56248¢8,8
20 9.89 9845831, 3 10.2¢  4§740267.5
21 8,39 750419, 3 8.68  3089849,32
232 9.87 884581.3 10,23 2975544,1
23 9,39 839950.3 9.72  2133683.48
24 0.89 284551,3 10,23 1251102.5
28 9.89 394581, 3 10.23  266531.2
26 14.45 366521, 2 4424 0
27 - - _
28 _ B} )
1 _ ) A
. ~ v ’ _
May
Blevation Zone 10000 = 12000 £%
8,33 1191926.3 13,80 59189612
6.33 1191936.3 13.80 57997686

conhd.u
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. s, W NI RGR

N 3 & S

April 13 833 1968522.3  i6.15 58237237
12 9.83 1880949,3  21.41  S)086360
13 8.33 1968522.3 18,15 51837746
14 .83 1662673,3  19.24 5015507
18 9.33 1756820.3 20,33 48398257
16 11.83 3227565.3 25,78 46170689
17 11.3) 2133416.3 24,69 437642780
18 8.33 1568522.3  18.15  41638089%¢
19 6.33 1191926.3  13.80 40444163
20 6.3 129%8075.3 14,08 39160098
2 8.23 10036293 11,62 915645
22 .83 1286075.) 14,08 36659 275%e
23 .33 1182936.3 13,90 35467349
24 6.93  1206075.3  14.38 34181373
23 6.8 1206075.3 14,88 32095190
26 .23 1380224.3  15.97 31534974
a7 .33 1568532.3 19,18 29946451
28 10,33 1945118.3 22,51 20001333
29 10,93 2039267.3 23,60 25961066
30 10.8) 039267.3 33,60 21922798

May 4 10.83 CISEATIT.8 43,30 20031382
2 10,83 I568717.8 41,30 16462564
3 11.33 371378, 43317 11729085
¢ 11,33 O 37133478,8  43.17 R995407.4
5 13.33 4391521,5 S0.84  4803085.9
. 13,33 4392521.8  50.84 210366 .4

Contdees
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L g PP SRS - oy

i 2 3 4 8

Elevntion sone 12000 £t ~164000 £%.

At &, 3.7 £44577,3  7.48 9742210
9. 3.0 $4E577.1  T7.49 78595632
20. 3.27 546577,1 7.4 77449056
11, 5.27  1042037.1 32.06 76407019
12. 6.77 | 1338633,1 15,49 75068397
13, 5.7 10¢2637.1 12,06 14026350
14, 5477 1140902.1  33.20 72985448
18, .27 1238767.1 14,35 71645881
18. ) 17260924 20.07 69911589
17, 9.27 1635227.1 18,92  €BOIES5E"®
18, 5.27 10420371 12,06  #6594793%%
19, 3.27 B46577.0 .48 65948313
20. 3.7 P43442.3 .63 65202774
ai. 2.27 448847.1  5.19 64783927
22. N 748443.1 6,63 a4613517%%
23 2.27 646577.1  7.48 63971940
24, 3.7 T48442,4 8,63 63226490
2s. 3.7 745442,4  9.83 62481056
26, 4.7 844307.1 9,77 616336749
28, 5427 1042027.3 12,06 60594713
am. 7.72 1937497.1 16,84 50187218
29. 7.77 ' 153¢362.1 17,78 57620853
0. .17 1536962.1 17,73 56084490
Hay |

7.7 26M8629.5 33,11 53395860
2 7.7 2689629.7 31,11 50707239

Cfm Cdo L X J
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1 2 3 4 5

3 8.27 286164332 33.12 47845587
4 10.27 3553697.,2 41.13 44291890
5 10,27 3553697.2 41}13 40738193
6 10,27 3553697.2 41.13 37184495

Elevation zone above 14000 ft.

Date Degree Daily Gum of daily
days snow melt snow melt from
( cd) 3, all the zones

Mwoay T o w¥%a)()

8 1,74 2.96 40,06

Y 1,74 2.96 40.086

10 1.74 2.96 40.06

11 3.7 6,37 55.45

12 5,24 8.92 66.98

13 3.7 6.37 55,45

14 4,24 7.23 59,31

15 4.74 8,07 55,45

16 7.24 12,33 - 73.57

17.  6.74 11.48 79.41*

18. 3.74 6437 70, 10*

19, 1.74 2.96 33,95

20. 2.24 3.81 37.56

21 0.74 1326 26,753

22. 2,24 3.81 43,81*

23 1474 2.96 33,96

24 2,24 3.81 37.55

25 2,24 3.61 37.55
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1 2 4 é ’
%, .M 4.67 3455
7. 3N 6.37 26,58
28 5.74 S 48,92
20 6.2¢ 10,82 53.00
0 6.2 10,62 $3,00
May
1 6,24 18,59 91.00
| 6. .59 91,00
3 feTd 20.08 98,37
4 6.7 .08 96.37
s 8,74 26.04 118,01
é B. 74 26,04 118,01
b ] R1kxkd
/ } nXQvggign xaoauﬁzm - 1:399
ey 13.33 210844 .4 2.44 o
8 15.8) - - -
13.83 - - ]
P Blevation 12000 £t 14000 ¢t
; L 2 ot §
i) 10.27 3552487, 2 41.13 33630798
9.77 3380683.7 39.12  X25011¢
9,77 1380¢93.7 $3.12 26849631
10 10.77 3726710,7 43.12 BN X
11 10.27 3853697, 2 31.32 10589023
12 10.77 3726719.7 43.12 15861312
13 10,77 3726710.7 43,32  12i3ss01
14 10,771 3726710.9 43,13  84086890,3
15 11,27 3899724, 32 48,14  4509186.1



ElevATlon Zen e 450\/5?1{('8&0‘%&-
1 2 2 £
Mav 29 22,92
30 22,12
31 22,12
1 16,64
2 16.64
3 23.55*
4 16.60*
5 15,54
é .24 0.41 19,26
7 1.74 2.96 40,06
8 1.77 2,96 40.06
9 1.74 2.96 40.06
10 1.74 2.96 40.06
11 3,74 6.37 55,45
12 5,24 8.92 66,98
13 3.4 6.37 55.45
14 4,24 7.23 59,31
15 4.7 8.07 55,45
16 7.24 12,33 73.57
17 6,74 11,48 79.41%
18 3.7 6.37 70. 10*
19 1.4 2,96 33.96
20 2,24 3,81 37.56
21 0.74 1.26 26,75
22 2,24 3.81 43.81%



MgLGVA‘TIoU e C 745@6 [ Yeoo -

1 2 £
23 1.74 2.96 33.96
24 2.2 3.81 | 137.55
25 2,24 3.81 | 37.55
26 2.74 4.67 34.65
27 3 6.37 36,58
28 5.74 9,77 48,92
29 6.24 10.61 52,00
20 6,24 10.62 52,00
May
1 6. 24 18,59 91.00
2 6.24 18,59 91,00
3 6.74 20,08 | 96.37
4 6.74 20.08 96.37
5 8.74 26.04 ‘ - 118.01
6 8.74 26,04 118,01



| 2gsalon 2o JLo-8G o [Yoo oyl
1 2 y . s
16 1,27 ISH9TM.2 68,14  609¢41.9
17 1.7 609441.9 .08 0
ELEYATION 2BME  ARovE | Yeoodt~
! L - Y ¢
Ao ) 8.7 26,04 69,61
8 8,28 24.98 63,67
o 8,24 24.58 63,87
10 9.24 127.53 76,65
1% 8.7 25.04 67,18
12 9.24 17.53 70,65
13 9.24 a7.53 70465
14 V24 27.83 70,45
18 D74 19.02 74.16
16 2.7 .03 74,16
17 9474 n.02 36.52
18 10,24 310,51 30.%1
19 10, 3¢ 30,51 30,83
20 9.74 29,02 .02
31 9.74 29,03 29.02
22 9.74 ¥.02 9.02
23 30,74 32,00 32,00
26 10,74 32,00 32,00
23 10.714 32,00 35. 59"
26 11,34 33,49 3,83
a7 10.74 32.00 32,00
28 11,74 34.98 .98
29 12.34 3%.47 36.47
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1 2 4 é <

30 10.74 32.00 32300

31 .74 29.02 29,.80*

¥ the snowmelt due to rainfall is also included.
**  the volume of snowmelt due to rainfall is also included.
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ARPENDIX: X (o)

Computed dally snowmle in different elevation pones
An Mmnals cavchment yesr 15%7 |
{:'LCV&'T( oN 20N < §000 =~ 9000 fL I~

L e

Date Daegres daily vole  daily snowmlt  equivalont vel.of

Auy of snowell | vater narely in the
°e) () )
| e )
SO . R " 3 —
2B 11,89 193818 2.33 1881102
20 1,29 184816 2,14 | 1676654
30 11,689 191970 2423 | 1484694
3. 9.3 153118 1M | 13267194 ¥ ¥
wed 12,3 ASSAMGe - 1112092, * 7
a2 1l.89 192518 2433 919461,7
3 11,88 192618 2423 126835,7
4 11,89 192618 2,22 834217,
5 9.89 150318 1488 373979,%
8 .08 150218 1468 171y
J Be39 138018 1,87 18853,9 *F
(Y 180853,9 022 o
eerny Zen8.J000 = JI000 L
“ 28 .83 921852 10468 13589748
29 8,83 089652 20,08 13720098
30 8,83 921832 10,86 11798244
n 6,33 660082 7485 11107318 °

Contlsnsre
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T R &« - B |

april 3 9.33 $74052 11,27 10059922 >
2 8.83 §21852 10,87 $137070.8
3 8,83 $23052 10,67 8215218,8
¢ 8,83 921852 10,67 22935656
6 6,83 713052 8,28 5695263,1"
9 5.33 556452 s4d4 5034197.4 7
. 333 . M52 4,02 475104368 7
® 3,32 MnNs2 $.02 €329452.¢
10 a8 399982 463 391724156 * 7
33 4,83 504252 5.84 33Be8A76 *7
312 8.3 80882 7404 aTINESE
1 8.33 059852 10,66 19104338
34 4,33 452082 5433 14583216
15 4.83 5042532 5484 P25767.8 * *
7. 4.03 504282 584 408928,0 7
17 833 406921, 9 475 <)

Ma 28 877 B9319% 10.34 22538004

20 8,37 818756 Sudd 21960208
30 5,77 893196 10, 34 20807012
31 %37 05396 5,88 20a742% "

Contlesynr
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T 2 T
R LR 9705% 11,23 19222788 ©*
2 5,77 8953198 10,34 13329858
3 77 8pS198 10,34 1743633
4 5597 89319 10,34 16543188
. 3 3.17 583598 6475 15959570
3 3 §7¢
6 37 HBIO0NL .78 1521497 %
Y 227 351398 4,07 14801766 *
8 Ou 7 437% 0. 48 14759302 * 7
9 O 27 4179% 0.48 14718508
10 077 119198 1,38 14593387 *
33 1,77 273996 3,17 143042% * >
12 21 428798 4.9 13078440
13 5427 815796 9 44 13059844
4 3,27 19659 2,38 1786 3048
3% 177 273996 2,28 12573898
18 1377 272399 2,2¢ 12266086 *
. 1Y 2:27 5139.6 4,07 11937570
1 2429 3511356 4.7 11506174
19 0,37 4379 0,490 11537608 *
30 %717 50359 875 10344018 * ¥
21 2471 428756 4453 10815220
Pt 2.77 42979 4,93 10088424
a3 3,27 $08196 5,88 95802207
24 2,77 420796 4,93 91223188 *
as 227 4,085 714997 ¥

3513%
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Elevation sone above 14000 £8.
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Date Deagres & z:m mw- Sum of dully snowmbe
Ay ﬂef from all e‘&i ZONes
(w78}
1 2

e e e P e
o :: w W O

524
.74
424
.74

474
44
424
.24
1.2¢
224
O T4

Os2¢
P2 )
.74

Cedé

T2
.34
7«23
2,99

f.01
7232
T.22
7«23
3.81
3.0
1,36

D.41
.11
6.37

0. 41

ra

0,44
28,01
30, 4¢
19,13 5

4,50
6.17
9.5 *
1413
25,87
753
924 #*

Contdisvonne
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o ———————
LI 3 2.
1 3 04 O.d1 8,94 t
17 o7 1436 10,08
18 0.74 2428 $:33
AP - - 0:%
20 2.24 3483 11,07 %
23 124 R §) 7 04
32 Yo 24 2.11 7.08
23 1.74 2.95 8,6
24 324 2.11 Fel2 ¥
28 0,74 .38 C S
! Y ¢
Ml 26 2,27 0y 351398 AT S 3969088 F*
27 KM 0,803558 8,78 1,7533138
28 b 4 ) ©,42879 4.9% T. 254500 ¥
29 3.27 ©.505156 2,27  6,750% P ¥
30 2,27 04 351598 4,07  6.20%0023* *
Moy 4 2429 0834943 8.68  8,6780893
a 227 0,614943 6,66  5,0631163
3 3.27 0,885843 10,25  4.1773738
4 4,27 14198743 132 3,0205303 © X
s &7 1186743 13.39  1.853757%
¢ 4,27 34166743 "’ff" e.vgvms
7 6,27 007070443 7 O+ 700443



ANt

203

Dete  Dagres Datly amz«a
Days {ed) o ,‘

Sur of sm:y
sgmm from -

G008
3.8%
59 ¢ |
R
1 7%
3.49

. 5469
5. 18
8.1
2,18
8.6
23510
15,81
1730
27.10

15.63
1%:10

16,5
1583
20,08
18,%9
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1 2 4 6

21 1.4 23.06 23,06
22 7.2¢ 21.57 21.57
23 7424 21,57 21,57
2¢ 7.4 23,06 23,06
25 774 23.06 23.06
26 8,24 24455 24,55
27 8.7 26.64 27.64%
28 7.24 21.57 21.87
25 7.74 23,06 26.02*
30 8,24 26,58 24,.85*
31 7.74 22,06 23.91%

* ehe snowmelt due to rainfell is also included,

** the volume Of snowmelt due t0 rainfall is also incliuded,
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Daily geuging diechargs (excluiing bess flow) end computed
daily snewmlt diachepge including runoff dus te reinfall en the
snowsthvered ares md on non Sndw coversd sres,

Yeur 1979

conputad snow  cempnrted snow
:  melr Mﬁe!xam melt Al
dischargs inecl r:m- 4

m:ludmgh et
“‘3/,, o2t dag 1 due te rainfall
rainfall e oo e e

tmmmmmﬁmm

M ares nfcm arek,

{ » /33 {w' ﬁ)
Havsh |
18 946y 1 9} § 9.11 33
1% 11.42 8.30 2, 30 8,30
a0 12,34 8,80 8.80 8,80
ai 11,34 S 9459 .59
22 .M 10,13 1013 10.13
3. 1N 10,83 13,13 13.13
a4 23,00 12,0% 14,00 14,08
a8 12,08 13.08 14,93 14,93
26 15,80 14,33 16,00 18,00
a7 15,74 15.47 16,9 15.9%
an 15,74 1.4y 17.82 17.82
29 18,50 10,48 1084 19.64
1 1844 19,06 20,93 20,93

n 10,44 A.4 20,40 28,40

ContBese
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i-ﬂ-&ﬂtmiuugvg

SRR E R R E R EREE RN

36,44
12,44
D44
13,44
25+
25,12

| 2513
.2$55?

26,57
33,87
35,85

46,08

47.9%

4792

£7.91

17&93’
- #4793 |
49,02

48,37

47,54
4757 |

47.5%

anst
4T84
47,54

32.92

224

24423
24.73
2.0
7.9
29,08
3117
33,04
35,42

371,90

40. 34
4234
44413

43.78
43.98
43.9)

44,52
44,43

44,00
4263

44.92

47,08

wei

49.1%

29,18
29,84
30.67
20,51
M43

- 2.0

33,29
M.9%
B.4
6. 48
40,86
4366
45,33
.82
45.18
4500 .
45,88 .
45,28
48,98
45,938 .
4.9

50,08 .

29,18
29.04
30.87
30,58
.42
32,28
32,29
34,05
B4
38,48
$0.86
43.66
45.32
&6;&2
45418
44,17
4%.8%
46,26
45.99
45,43
4.9
45,08
48,07
ww
50,08

Cmtlsnee
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1 2 3 4 s
2% 475 50,34 51,13 51,13
7 633 51.38 52,08 52,08
38 §9.74 52.3 52,9¢  $2.94
29 69,7 52,87 53. 34 53,34
36 9.7 53,59 57,97 s3en
April

i eamn .91 60,54 60,94
2 70476 60,38 63,92 £3,93
3 59,20 63,02 86.19 A6 .19
‘ .34 62,97 65.02 65,82
3 49,42 1.3 63,5 83,08
. 49.45 57.13 59,42 59,42
] 40,24 85338 85,44 85,432
) R 506,00 st 51,84
® 43,79 47,50 49,5 49,88
10 48 48479 47,87 81,96
I 39.98 44,74 4860 46,80
17 4% 44,11 TR 43,78
13 4499 43,54 45,04 48,07
14 44,99 42,40 6.9 PR
15 44,99 $2,00 42 a2
16 449 4164 42,74 .74
17 e .01 41,99 41,99

Contdes v



. 38
19
20
3
-]
23
24
48

27
48
aw

n

£4.99
49,43
44,99
59.14
44499
44,64
40,98
7. 37
68,7
49,48
35.07
35.04
35,04
5,04

$3.,0%

43.8%
45,03
47,82
4470
40,57
3746
3477
M.
28,4
28443
223.07
2096
39,75
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33 E 8 5

Apral t .42 15,04 50493 10,653
2 Dugd 19,20 100750 80,50
§ 5.9 14003 10,00 10,690
O GeW 30+32 20409 80460
8 Gt 80431 §0.448 10,48
6 6.03 10403 20,23 £0.23
7 B9 16469 30600 20400
6 5.0 10,50 2266 32454
D Ge0t 20430 23,00 23,06
10 0435 22,08 29,39 26,20
32 Bhe2 54460 29405 87400
12 20405 2420 9009 £0,03
80 20,80 30, 03 82,02 3,02
B 810G 32478 80,83 29,08
29 33,52 He Q3 b P S3s LT
85 2350 3950 50457 $9:57
87 559 €005 45409 3473
0 3.5 OBy 26 85,89 P33
10 25,5 Ao D4 B9s 85 5953
£0 57408 03583 0800 58480
a3 307 39509 S0GT CesT
82 39,05 89602 0800 52667
23 0,50 30,54 4953 R
24 2D450 30,07 0608 {060k
26 207 $9464 4585 25,00
% 2D %509 45,00 45509
27 29402 00 83.08 R e
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‘;‘mw B 7 T 1w o I &y . Pyt
 gouged  cnov=olt ol Gioehares mﬂ oo
© Slouharco ﬁi.m:mm incluting runsid ﬁmgt:ﬂz;«m arge
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tage 13 Gu02 6452 4u52 | .50

¥ 6.8 8035 e 38 4499

15 0,04 Ged® Gat® 2030

16 9,99 G0 4403 420D

89 AL97 de 20 Ba 24 0,23

16 11.03 48,32 el 0454

30 21,00 8400 e 20 0a 20

20 0.48 4406 0,08 03

- 4ot R T R

22 830 4483 B4 38 0s 518

29 5,23 ) R 8,95

20 Se3D G657 Dl De 0

35 .20 7545 9,90 0476

23 5429 8,36 30,59 20,03

$7 Be2d 9,34 38,19 31419

o 0 30,12 34,92 10402

29 G0 11,13 6458 13450
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o D 3 D S 3 W

¢ fa e D8 s D2 o 09
E 5 06 A 2

3 BEYLBEL

2 4 3
G2 0603 1650
W) 1393 1093
5409 10409 30,69
Go37 20,09 20,0
G646 19,48 30,60
G.03 ;ﬂs% 0,20
Bo 30 80609 50400
G010 0254 2304

G682 23600 23,04
10 6,39 29,80 26,20
T B5e2 27460 29405
2 20,03 80403 £0,09

20,84 92,03 2,02
o B0 30,83 23,09
35459 e 39 K32 P
25650 5957 L2097
B389 45,09 ‘fﬁf%
2 55 89,80 50,49
10 2358 53,80 5 M2
32408 D800 58440
3007 A0GT Jrane ]
20,05 08400 5360
0050 0De53 A0, 5D |
4 1052 Q.08 40,08
G 2067 05480 oty
20:07 45,00 | 69400
7 002 62,08 05,08
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g8 8E

80,29
70,57
60457
61,68
(.08
60,42
62438

£2,37
431,00
39,05
.03
83 89

B4

b 1% 7

42,85
#lad2
40,18

B i % o]

08
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APISIDIN.XT (g)

Daily gsuging Asacharge {excluding Baseflow) and computed daily
snowmlt discharge fncluding runoff dus te rainfsll on ths snow
coversd arel snd non snow covered arss, YRR -~ 1977

Ao ity aniii sl oo PRIV HET = VR " SRR " , ’ N
Dave Daily gsuge? Computed Coamputad snews  Cofputed snoews
mzma?' o &m& o inhar®es Incloding e es
baseflow nalﬂ (/o) due to :ginzan dus Lo ?imm
sovarel sres covarad araa
1”3/', i non noOws
- eovaged ares-- -
i i oriiisio il " i artol M} :
| 4 s T T
Mer. 38 12,82 14,097 14097 14.099
29 1358 15,38 15,206 15,908
30 14,89 16,43 15,42 18,43
& 3N 15,68 18,5  17.13 17.13
April 3 13.83 18,08 19,59 39,59
1 31262 18,95 20, 57 20,37
s 12,62 19.00 21,07 21,07
4 12,82 20.50 21,73 1.7
% 16,00 0. %  R1.40 | 1,40
&  10.5% 20,86 B TR 24, %9
T 13.9% 20,03 L2859 25,%9
8 13,63 15.47 23,89 24
9 10.%4 $7.03 2191 24,9
10 10.% 15,89 20 21,08
11 10.54 18,20  20.9% 20.%
12 10,0 14.9% 19,57 19,57
313 12.62 15,718 19.632 1982
14 12,82 14,89 18,62 18,62

1% 1323 14.2% 17.58 17717
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;: 35 o B 2 O B S & W= 25 g; ;g :g ¥

-
g

19.78
3371
17,7
19,67
7.3
27.22
21.62
.54
21.54
.54

10,90

15.06
NG, 10
16,19
18,19
i9,19
8,19
19,92

1360

13,18
13,32

31.14

311.10
10463
10,19
9496
.49
$.30
887
8,94
6479
#.88
B.4%
8.7
B.99
P48
10,98
11,62

2.4t

52417
53408
2,39
3,93
13,16
13,24

17237
16,28
15,11
19.1

20,83

- 492

13,97

%%

17504
20,33

1579

$15.89
19,46
21,80
.42
14,61
14,62
34,23
3,5

19.29
19,81
19,19
18,457
18,08
23,80
17.%

17,58



Hay 3
$ 1]
1%
Y

b3 )

2

. 23

. 24

23

- &7

[

- 3%

10,78

25,81

19.04
18,19
18, 3%
18,19
2245
*x.62
%.50

260

2,80
NN
40,75
é. %2

35, %

35:52
3%, 52
8.8

13,46
13.58
33.5¢
34431
14,19
14456
4,79
15,36

15,03

15,39

16.59
37,08
11,39
17,86
18.87
10.65
39,13
15,42
19,83

17.18
18,90
18,08
16,92
16,83
18,77
W59
17,00
1746
17,88
17.83
19,14
18,43
10,939
19,34
19.34
19.81
9,77
907
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Rapperk N.R,, * Application of sstellits dats for snew
Mapping,” Vaas Drage DireXtorate Hydrologiek Audeliin
Narzen Viesson Jr., Jobhn 9.00app, Garg b, levis] The

late Terwres K, Herbanch. * Introdustion te hydralegy®
Ind editione IRPA DunvDonnelley Publicscion #.Y,

PP XTI M3 - BY

Gartake, WID. Leve, B,C. Coedell, and ¥.A. Terel; * Pasters
affecting ancwselt and strean 1w U808, and U8,
Texest service 1988

Chow, VT Handbosk of spplisd Hypdrelegy® Fo.Craw HELL Deek

Company Ho¥s pps 10 o 34 1944

pp 4 » 54

dshn CuRodda, ® Facets of Mydrelegy,” A wislye Intevesines
publicstion, Jehn Wiley ad Sons 1976 pps 90 = 915

Wilson WiTes * An sutling of thw thersedynumies of snowseie,”
Trans AqMs Geophysics Unton, P, 3, ppe 182 «198,5uly 1941,
Linmley; Refy Jr. * A simpls presedure for the day o day
torsemnting of ronsfft from snowmlt, * Trans AWM, Osephys.
Union Py 223 pp 6045, June 1943,

Garstka WBs,s ® Suew and soswsurveys in Chow (194Y)

/71 - 30/51,
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™he R&ianmmmmmlmwlm
provesiings ef the BAMEF gympesiom, Bept. 1972, Vel 2%
UNBSCO/ MNG /IAHS, printed fn Canedu.

Clyde G.De ¥ SnownmiRing cherscteristies of Uteh Agr.”

& BPY, Beat, Sull 2M,197%

Herten, RS, % Infileration and puneff during the wnow
malving senson vith Zevest cover, * Trans. Aw. Cesphys.,
Unien Vol 2%, v 55 48, 1948,

US. Sofd conservation servics, * Bstionsl Engineering
Handbook, * Secdd Supplemnt A, Rydeelegy, 133 o, impress,,
1963,

WaMeOy® A guide for Hydrolypical prastien,™ No.«188 This
sdteion 1974,

Aydronstey, Progsefiings of the Xohlens syspostium Sep.1970
Voled UNEICOS W MO » JARE 31973,
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