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Page 2, Lme 2 from top read recrystallized ' for ' recrystahzed ' 
P11,~ 11, all(! 11 1ahle VIII under year 1945 read' Jan' for 'Jun' 

Item 2 column May 1944, read 956 ' for 
946, 

Item 8 column Ja'l 1945 m<ert '10' 
Item 8 column April 1945 tnsert ' 12 ' 
Item 8 column :May 1945 read 26 for 

2 
Page 14 Table XI agrunst February Mm1mum, colunn 9 read ' 2 459 ' 

!or 2 59 
Page 18, Lme 10 from bottom read ' from ' for ' rom ' 

Last hue from bottom read melt' for ' mcnt 
Page 19 Lme 10 read ' Snowfed for ' Snowed ' 
I' age 20 Lme 22, read Do for D 
Page 28 Lme 2 read ' Della ' for ' Delle' 

Lme 3 from bottom read ' Horton R E ' for ' Tiorton R R 
Page 29 ag1m~t ( 18 ) "\hlson W T should tead 'Sn\ltr S R 
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FOREWORD 

The Role of Glaciers and Snow on H) drology of the PunJab 
Htvers \las pre ented as a pape1 o the Annual Research Commtttee 
Mfetmg of the Central Bolud of Irr1gahon held m August 1945, by 
~at Bahadur K11nwar Sam 0 B E I S E 'rhe Research Committee 

cor«<tdered that the hUbJect reqmred w1de pubhc1ty and reco:mmended• 
that the p tper be pubhshed a• a Central Board of lrr1gahon I ubnca 
bon 

The Board at 1ts 16th Annual Meetlng held m November 1945 
acctptedt the recommendatiOn of the Research Committee and ordered 
that the pap~ i)e pubhshed as a C B I Pubhcat10n after 1t had been 
e'.l.mmed by Mr A P Watal Ch1ef Engmeer P W D Ir.r1gnt10n 
Br,mch lJ1uted Provmces and Dr S K BannerJI Director General, 
Yleteo10log1eal Department Government of India Both of these 
f)lficets lu~ve smce reported that 1t would be useful to pubhsh the paper 

The aulh~r has •hown 1n thLq pubhcatton tjl.at snow and glaeters 
folllt naturaJ stor11gel reservOirs for the PunJab Canals and he stressas 
tl e nece~otty of keepmg a "proper account of these resources It should 
be poss1ble to forecast rtvPr supphes from March to June from HJlOW 

'm' P\ q <;uch forecasts wtll be of great help to 1rr1gahon engmeers for 
hr rl"tnbnhon of available water supphes and the operahonf of ttrJga

tJun "01 k• particularly the proposed storage reserv01rs Although the 
study made by the author relates to the PunJab only 1t IS cons1dered 
tnat the prinCiples dealt w1th m thiS pubhcat1on will have a Wide 
opphcat1on 

The B,,a~d hopPs that th1s publication will help m focussmg atten 
t1on on the hUhJect and mll lead to further studies bemg earned out 
th1 oughout Ind1a 

SIMLA 

Tlnfed 24th Aprd, 1946 

N D GULHATI, 
Secretary 

O&ntraZ Board of IrNJa'wn 

Central Board of lmgatlon Annual Report {Teehmcal} 1945, Page 1211 
!Central Board of lmgahon Annual Report {Achmntstratlve) ~. 

Page 78 
(1) 
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The Role of Glaciets and Sqow 
on 

Hydrology of PunJab Rtvers " I 

INTRODUCTORY 
11 l::tnd1es ,In.ide m connect10n wtth the supplies hkely to be n\ai! 

able for storage at Ktsbau on the Tons a tributary ot the J 1lll1llA, aud 
Lor diver•lOn from the Cheuab (Chan<ha Bhaga) at Marhu mlo the 
Ravi through a five mile turmel under the Paugi Range showed that tlle 
usual method of determinatiOn of runoff by applymg a certam percPI!t 
age to ramfall gah res\llts that were materially out m the case of these 
streams Th1:; 'Ilethod does not take mto account the contribution made 
Dy watQr from md•Pd snow and glaciers ThiS source of dlsctcpat\cy 'Cias 
first :;u•pccted m connection With the mvest1gat10ns for the propo~ed 
LarJI Dam on the Beas River by Ra1 Bahadur A N Khosla(12) • 

12 Practically all the PunJab rivers are snow fed A rough i<1 ~a' 
oJ the extent of glaciers m the catchment area of these r1ver1 w1ll 1 be 
gathered f1om Table I taken from Khosla s paper referred to aboH 

TABLE l 
Glacter area on the Pun;ab Rwers 

Glac1er area m the Percentage of Mean elevat1Jn J.. 

oatchm.ent (from 1 = glacier ofGlac1er 
Name ofr1ver 16 !mles Rehef area to areo..above.mean 

G T S Map of the total sea. level 
PunJab) 

(square miles) 
catchmentrar~ ({cct) 

f 
Indus 14415 12 20 5qO' 

Jhelum 142 1 
) 1 iS 000 I 

C)lenab 1475 13 19000 
J 0 

Rav1 100 3 17000 
I 

Beas 277 
J' 

5 19000 

SutleJ 2468 11 20000 

Jumn:a 131 3 18 000 

The areas givev m the above table do not give a complete piCture 
d& the area covered by seasonal snows are not mcluded thercm 

So enormous 1s the aggregate volume of water locked up m the 
crystaline state m the glaciers and Ice caps on the Hunalaya~ thnt If 
~t ''l"ere all released by melting and flowed down the PunJab rivers, most 
of the PunJab and Smd plams would be submerged. 

' 13 The process of estrmatmg the amount of snow aceum.ulated at 
h1gh altit.Ide~ and the ut1hzation of this knowledge to forecast the sup
piles u:l the rivets fed by the>e natural storage reservoirs compriSe the 
prcsent-dn' science of snow surveying 
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GLACIERS-GENERAL CHARACTERISTICS AND SECULA.~ 
VARIATION 

2 1 The gene,ra;L term glac1r IS applted to all bodies of land 
Ice that wn~1~t of recrystahzed snow accumulated on the ~urf t< e ot 
the Earth Glaciers are formed m those localttles where more snow 
accumulates annually than wasteb away by meltmg, evaporation and 
other dlS~Ipatmg processes The contmued addition of all1!lual layers of 
filii\\ however does not cause the thickness of the glacier to mcrea~e 
mdefimtely for when the mass attams a certam mmimum th1~1mebs 
Its own weight suffices to overcome Its rigidity as well as the friCtlOllal 
re&lstance ot Its base to !llhate a sluggish flow hke motion Thus the 
glacier will graVItate to lower and warmer zones where the Ice IS final 
ly converted mto runoff ( 16) 

The lower end of a glacier IS known as Its " snout 
&nJut tn~re 1s an Ice cave " from which water Issues 
limdus gave the name of Gau Mukk (the Cows mouth) 
near Gangotr1 from If<;; resemblance to former(•) 

and at Its 
The anCient 

to the Ice ca~ P 

Regit.ns where the climatic conditions permit contmual accumula 
t1on of saow m excess of wastage are commonly referred to as 'r~g10ns 
of perpetuRl snow and their lower limit of altitude IS kno'l'l(n as the 
' now lme The snow !me of the Assam Himalayas Is at m 'lltJtude 
of R L 14 500 feet In the North It vanes between R L 17 000 and 
R L 19 000 The glaCiers of the Kas1Im1r Himalayas descend to a much 
lower hnut of R L 8 000 

2 2 The size of a glauer varies with the amount of the annual 
etl'ect1vc arcumulatlon of sno" The var1atwn m the Size ., made 
ev1dent by the os~dlat10n of the snout of the glac1e1 This osc 1llatlou 
IS termed the ' re~esswn ' or advance ' of the glacier 

The glaCiers m general all over the world are at present m a state 
o[ receB•Jon Th1s commenced after the great advance of lfW' a_ d hab 
since 1920 proceeded at an accelerated rate (16 ) ThiS IS merely the latest 
epiSt.ae m thiS ' little Ice age ' It may howe\ er merely mark the be 
gu\Dlllg of a bnef mterlude of moderate glacier ~hrmkage that will be 
followed ere long-possibly w1thm a few decades from now-by an 
other penod favourable to glaCier growth That th1s " little 1ce age " 
of the last 4 000 years has been mter1 up ted frequently by such mter 
ludts of glacier shnnkage Is eVIdent from the disposition o n odern 
morames at the fronts of many reborn glaciers m closely SJldced ton 
centric senes 

Should however the present period of alamer recession , ontmue 
mdefimtely It would surely result m widesp"read deglaciation and m 
Increasm,. a~1d1ty over the PunJab and Smd Conditions su< 11 n~ p1 e 
va~led during m1d Post Ple1stoseene time m1ght then return and the 
Irngation eugmeers m the PunJab and Smd mtght face an era of 
~ter scarcity to wh1ch present conditions m the two provmces mi!,ht 
DIIC It dn1icuJt to adJUSt 



2 3 The first step towards the determmat10u of the secular varJS 
t10ru. of the Hnnalayan Glac1ers was taken by the Geological Sut vel' ot 
:U...d1a m 190& The pos1tlons of the snouts of the glac1ers were marked 
by pillars Call'Illl and rock cut& 

In 19JO the Geolog:tcal Survey pubhshed a paper by MaJor .K 
.l\Iw;on { • ) m wn1ch a hiStory was g1ven of the observatJ.ons of thirty four 
glaCier• m the J1..arakol"lll! Mountalllb The notes of every explorer 
1\ llo had VJSltea these gla~1ers durmg the last hundred yea1s were uum 
mar1sed m thiS ;>aper The per1od durmg which these observations had 
bLen accumulated was however found to be too short to JUSlily any 
definite conwumons. 
C....i..- 4.--11 .n-.._:t,.""" 

1<1 - ... -t.~~• -
In recent years, thl! Survey of IndJS Department seemed to milicata 

that they 1egarded glSClologlcal surveys beyond the scope of theu financl&l 
resources , ~' 1 

The glaclolog1cal surveys made so tar m lndJS have not eoutrlbut
ed anythmg to the solution of the problems of run off from snow Iall The 
(lbservatlons have revealed that the va.nat1ons of the snouts of glac1ers 
have been erratic ne1ther sew;onal nor secular var1at1on has been dlS 
covered 

HYDROLOGICAL CHARACTERISTICS Ol!' GLACIER STREAMS 

3 .L The author 1s not aware of any detailed study havmg been 
made of ramfall run off of glacier streams m Ind1a The •umbel of 
ramgauge stations at the h1gher altitudes li1 the catchment areas of the 
PunJab r1vers lS very few and not fully representative of the area In 
the catchment of the SutleJ and the Indus the average area represented 
h;\' one ram gauge station comes to 2 340 and 7,400 square mlles res 
pectlvely On the Jhelum Rav1 and Beas which have more ramgauge 
scatJons the percentage of glaCier area IS comparatively small 

3 2 On the Chenab there are 12 ramgauge stations for n cntPbment 
area of over 11,000 square mlles A very detailed study for tlus nver 
for 20 years from 1923 to 1942 has been made m connection w1th the 
1 n estlgatlons regardmg the Dhl8ngarh Storage and the :Marh.t Tuunel 
D1vers10n 'lchemes Lmes of equal ramfall for each month of each year 
w~n drawn for the catchment area above :Marala Headworks 1.11d 
\\ e1ghted ram.fall for the enhre catchment calculated from these cb11rts 
One such typical chart IS enclosed 8b Plate 1 ThJB chart shows the re
COlded ramgsuge ctatlons In the catchment 

The aetna! diScharges of the nver aJ"e measured dally at "\Iaraia 
From thiS have been calculated the figures of actual runol! for eaen 
month of each of tloP 20 years 

3 3 TablP TI shows certam charactenshcs of th!S catchment for 
each month based on the average of 20 years 
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TABLE II 
Some Hyitrowgtc Characten,sttcs of tlte Chenab Rtvm at Marala 

(AvLrage of 20 ye·us 11 1 ~ t Jq4 } 

Totwl catchment= 11 110 q mrJcg Gla 1 r A t = 1 r 11111 

Total pHc pt I Actual Co efficient tn.t1on over 
We•ghted catchment measured of run oft' to 

Months prec1p1ta.tton durl,llgthe run off at pncJpltatJOD 
month M:arala col 4/col 1 

' 1 l! 3 4 5 

(Inches) (Acre feet) (Acre feet) 

January 3 81 2 '67 399 4?1 531 0 199 

' 585,'716 0 215 l"ebruar~ 4 59 2 723117 

Karch 4 09 2 422 905 9o7 180 0 395 

April 2 99 1 775 115 1197 571 0 675 

May 2 23 I 320 332 2155 861 1 633 

J'nno 2 01 119~ 062 3 376 442 2828 

July 6 17 3 61>6 652 5 297 949 lr449 

;au.t 6 15 3 643 857 5 115 279 1 404 

September 2 24 I 326 904 2 419 347 1 823 

Ootobor 1 17 699 877 786 771 1 124 

November 0 69 408 515 433 628 1 061 
;.~ 

December 2 17 1 285 828 .408 8" 0 118 

Annual Total 38 31 22 724 563 23 i86 122 1 020 

It w1ll be seen that run off durmg May to October 1s lpplccnoly 
greater than total preclpttatlon Even the average annual run off 1s 
shghtly gre tter than total prec1pJtat10n Reahzmg that there mus be 
some lo~s by absorpt10n ant~ evaporation the obVIous conclus10ns IS 
t 1at glaewrs are respOllSJble for a material contr1but10n to the run off 
}. so considerable part of the prec1p1tatJOn fallmg m the fo1 m of •no" 
durmg Winter months does not ad'd to the run off In those months It 
appears as run off m later months when h1gher temperatures melt 
this qeasonnl snow The above conclusions would hold even If the 
pree1p1tati~n data over the catchment IS eonstdered to be made 
qudte 

3 4 Table III for the same catchment clearly mdtcates tl·at con 
trJbUtiOn• {J;om snow and glaCiers are not constant from year to year 
pdrtleularly for the summer months 

3 5 Some valuable work of a p10neer nature has been done by 
Secunda Alfier1(1) m the It11han Alps and Appemnes He selected five 
basJns tl1ree of wb1ch had snow 1111d glacter one snow and one mos1 

1!. ram HIS observations cover a per1od of sevel) years 1931 1937 



TABLE III 
,IJtatement skow,ng vanauon m the mtw of Pun ojf to prer,pltatton on the ('henab y, PI abnve Mara/a for eaclt tuonlk n 20 years 

from 1923 to 1942 
Total catohm~nt = 11 llO aquue mile Glacier Area = 1 475 square m1hM 

__ Y_•"" __ I January Thbrnary lmrch ~~~ M v I J ~· ~~ Aug~t-~&pwmberJ-::~1~·~-}-~ _ _:_j~ 
I 2 ~ - 4 6 ~ 8 0 I 10 II j 12~ i 13 I 14 -

10_3 _____ , ___ 0_15--:-:-:-:/-:-:---:---73---=--=----=~ 
1024 0 22 0 I~ 0 44 0 85 0 53 6 71 2 09 0 91 I 09 2 60 I 19 0 26 0 85 
I02J! 0 29 0 33 0 56 I 26 0 OJ 11 1 04 0 07 2 47 I 00 0 37 I 07 
1026 0 41 0 30 0 24 0 32 0 92 2 78 o 90 I 21 I 44 5 67 1 68 0 59 - 0 89 
In 7 0 19 {) 17 0 39 0 67 0 87 4 55 I OJ I..J6 3 85 I 49 I 57 0 67 0 00 
1028 0 09 0 26 0 36 0 48 6 05 ~ 70 1 80 I 06 I II 0 2• 0 £0 0 85 
1020 0 26 0 34 0 68 0 55 2 00 i! 01 1 IS I 03 6 67 0,55 I ~ 76 0 18 0 91 
1930 0 21 0 32 0 55 0 47 3 06 3 80 1 67 2 63 4 00 r-24 0 97 I 18 
1931 0 16 0 10 0 f2 I 68 0 73 7 01 1 38 I 13 2 Jl I 02 0 91 2 47 0 97 
1932 0 18 0 22 0 31 1 61 0 64 2 98 - 1 17 I 07 3 0 0 95 0 19 I 06_ 
1938 0 18 0 16 0 •3 0 42 2 77 3 10 1 86 I 39 I 31 I 2J 2 7~ I 6 I 07 
1934 0 2 f/ 61 0 34 0 37 I 64 2 78 I 73 I 37 7 16 4 40 I 74 0 18 I 22 
1915 o 12 o 29 o 36 _ o 55 5 19 r 110 1 94 - - r 94 :n8 -,2> / n 43 -o ~' 1 04 
1936 0 25 0 14 0 33 I 60 5 26 t 83 I 40 I I 42 2 09 2 07 I I 27 0 k8 1 04 

l~~ g :: g ~: g :~ n~ ~: ~~ ur I ~ :& ~ i: n~ g g 1 I b~ g D~ : ~~ 
19~0 0 18 0 14 - 0 41 0 80 4 27 J1 61 1 46 2 74 I 92 0 4J f I I 06 
1040 0 18 0 34 0 24 9 50 I 34 S 00 1 6J I 6l I 10 3 68 I 2 1~ 0 83 I 06 
1041 0 19 0 21 j 0 20 0 63 I 26 4 621 1 90 j I 65 0 89 J 05 I I ll5 0 ~8 I 06-
104 0 26 0 22 1 07 " 0 81 0 96 :! 82 1 27 I 21 I 16 I 57 3 34 0 36 I 00 

' ~ 

.:_._I l,;~~r~ .-. ~~-~;r~=i-:r:-Gr:-:-r~.: 
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'lhe es.<.ential LharacteristJ.cs of these five baslllS(1 ) are llhown m Table 
lV 

TABLE IV 
Hydrologu: Chara~Jten.stws of Alp!inG BasU\s 

Glaoter Area 
(SquareKtlo 

meters) 

I Proportion I Co e.fficient 
I of gla.<ner 1 of annual Stream and 

Gaugmg 
Statton eatehment Clpd;atton (Aver 

age o£1931 1937) 

to tot&! I run off to pre 

--------------~---------~-------

X.ysa DEJol& 

J'rodolfo a1 ::B'orm 

Rutor a Promise 

8&ofD 

14. 4 

22 8 

13 8 

Coreagha AU. Preaa Centrale Generally snow at 
Molline higher altitudes 

remams on ground 
foraeveral months 

Reno a Praoollla.. L1m1ted amount of I 
Wmter snow but 
melts qwckly 

I 

% 
4.7 

47 

28 

1 39 

204 

1 31 

0 82 

0 70 

The heavy meltmg of the glaciers that have been m regreBSIOD 
naturall) mcreases the coefficient of run off to annual pt eLip1tat10n 
But Alfier1's reference to non glacier basms m whiCh on certam years 
thL run off equalled or exceeded the precipitatiOn md1cates lac] of 
sufficient precipitation data 

Even Jf the coeffiCient of run off on account of above Factot s 1s 
~omewhat exaggerated, It still represents the relat1ve effect of ICe snow 
arc! ram on run off 

3 6 Tltc monthly and seasonal phases of precipitation and run off 
m above catchments(•) are clearly shown as percentages of the annual m 
Table V 

From Table V It will be seen that precipitatiOn IS qmte evenly diS 
tr1huted throughout the year w1th shght excess m the summer month~ 
ThiS however has httle effect on the flow of the streams The latter 
r base JS chiefly affected by temperature actmg upon the ac.umm tlat
ed snow 

3 7 The Alpme glacier streams have their maJOr run oft: durmg 
June-September This Is due to the low temperatures at their lugh alb 
tudes m other months The l<.wer snow fed basin (e g Corsagba) ha, 
1ts maJOr l'Un off m March June whiLh ends m the exhaustion of the 
seasonal storage of snow The excess of 20 per cent Jn tbe maJor run 
off of the former three over the latter mwcates the present wastage of 
ILL reserve- If annual replacement we1 e equal to ablation thp maJOr 
rnu off snould be more comparable with that of the snow basm Pxcept 
that the run-ofr will last longer 



PteoJplt.atton 1280 mm 

Bunoll'55 5 

Preo,pttattoo. 89-l mm 

Runoii'IS'I 9 

Preo p ~tion I f.SI mm 

Run ff81 a• 

Prooapatataon 1 636 mm 

aunorro&o t• 

TABLE V 
Moam Preetpltatwn and Run off of Alpme Ba&ms (Monthly Percentage of Amneal) 

4 3 

08 

6 I 

0 8 

78 

1 0 

80 

3 3 

... ll81 

7 7 I 
21 8 

ar::-~ R:: Prom\ : ~B~q 1,.8: Is 
08 08 19 97 

10 8 8 3 

1 6 0 8 Mo.Jor runoff 7V G/o 
(JuneloScpl) 

1 7 1 0 Major rtlllo• 86 O% (JUDe 

76 

I 9 

to ll<pl, 

9 0 

I 3 M J rrun ff78 ~/ (Junl" 
to Sept (6 mot 87 9./ l 

7 8 

4 8 Mo.JO nmoll 61 Oo/o 
(MarchtaJune) 



-8 

Run ofi: from the ram b_-,m more or le,.; corre~>ponds to the 1am 
J:all w1th &orne lag 1 

1 3 8 !here IS a ple\alent behef tqat snow covler IS an llnportdllt 
f <Let or ~n flood ~ausatwn This Is proved to be fallac1ous On tl~e eon 

1 •"Y snow cover has a modeiatmg-Iillfiuence 
There are two pimCipal ways m \lluch ouo v covet may act as a 

flood deterr.mt The first m<Ly be called the sponge effect the se 
<-Ond the sU1face detentiOn effect 

Snow cover IS capable of absorbing ram. and melt-water from the 
•urf<L< e and hdl:d 1t as a sponge holds watei up to 1fs eaptllary c'lp 1nt) 

Surface detention depends on the fact (which th g'enerall~ true for run 
off m all forms whether from il snow layer or bare ground) that surface 
rcln olf can occur when and only when there 1s a layer of surfa~e <leten 
ti<In on the ground m the form of sheet flow of a depth adequate td -dJ.S-
lmrge water mto the stream or channel at the g~ven run off rate Be 

Lt
hse of tl1e low rat1o of run of!' mtens1ty to detent'ion depth Wlth <!now 

c er the r~n off mtensny would be only d fractiOn of that <•r tHe 
e ram on bare ground(10) The result IS that the deeper the snow 

th;e less tl e chanc~ of a heavy flood 
CONTRIBUTION FROM SNOW AND GLACIERS ON SOME OF THE 

PUNJAB RIVERS 
41 For the mvestigatiOn uf discharges available- for storage d'a1ly 

discharge obsei vations were started on the G1r1 tr1butary of the Jll.mna 
fr:>ru th~ 1 t July 1942 and on the Tons tubutary from the 1st J ul) 
J943 On 1he Gin there lS no glacier area Assummg that d &c L1rr,:, 
tlu~ to Sl rmgs and seepage on the Tons and Jumna catchmen !,, ~the 
same m magnitude as that of the Gm catchment per square mile 1 of the 
non glac er area the glac1er contributiOn has been worked out both for 
the Juwna above TaJewala as a whole as well as the Ton~ above 
K,•hau The results are shown m Table VI 

I TABLE VI 
Glaeter Co-ntnouf110n tn Jumna Catchment 
( Cusecs per square mtls of glamer a;rea) 

-·-~--_:_7""_:__~.~_..:.:;;.._::.:.....:.:.:..:.:~::...::.::~----

In Jumna syste:m as a whole \ In the Tons ca.tohment 

1944 1945 19~ 1944-1~ 
J4nU&ry 11 10 11 6 
F.jbruary 18 6 DIScharges 9 1 6 
March 2

6 
10 9 not 12 10 

Aprll 17 12 observed ~ 22 
~rar - - -3·~ I - a4 26 _ _ + _39 34 
Juno ~ 37 33 J 1 1 37 37 

i~:Ust ~~ Results m these months arc 'VltJated by ramfall 
September J May assume same as for June 

~~o':bor i: I ii I I ig \ ~~ I 
Dtoombor 13 10 I 11 8 

In wor!rmg out the figures aver~ge of such days onlv was •al Pn 
when the dL.och.arges were fairly steady thus onuttmg fluctuations due 



TABLE VII 
Qlacter Oontnbutwn m the Tons Catchment 

\D'ISckarge tn Ow:ecs) 

PartJculara 

Y•af' 943 
Yontl944 - ---~--;---;-Y-•_••_1_9_411_-;----;----

0oh ;N .. ~ _::_ l_b IMareh ~May t.Tune _:_~leo _::j Feb JM rch~~ Moy Jone 

Avcrng daLly d sch rge of Gm -t-- l I 
a.i Ch ndn1 excludmg n.b ] ~"" 

226 
2 D schargo per square m I of - t 

normal dtscbargt 1192 657 537 483 49lj 488 903 411 292 6li0 6l'> 438 6--G 688 614 03b 343 

G,:_n_~~~hmont (Catofment !1 26 0 69 0 56 0 50 0 51 0 51 0 9~ 0 43 0 JO 0 68 0 54 0 46 0 55 0 0 64 0 65 0 36 0 24 

3 Av mg dn. ly di&OhBrg fTons 
at K b n xolud ng bn rmal 
d1 h 'll"' _ 4 !_94 .=:329 ~I!_! 0~ 1_~- 2,160 4 4_1!3_ '4 771 4 288 ~ 087 2 ~5 I 667 I 592 1685 2 137 3 100 4104 4 155 

4 Catchment area of tons e:r.olud 
lDgatsGlacterarea {1027102) 
aboveK.,bnu(quaroml") 1,825 18-5 -!,825 1825 1826 1825 1826 1825 1826 1825 18"5 1826 1825 1826 

8 Gln.c er dt cb of Tons ca.tc& 
mont (S No 3-8 No 5) 

7 DJsobarg&per "'\ ro m le of 
gl oteratt"a (Glao•erat"('~- 102 
aquant mtle) , 20 

1141 "J llll952 I 220 2 778 3 986 3 740 1746 1 030 

10 11 11 9 12 27 89 37 l'l 10 

- - , - I 

I 

840 11004 II 32 

I 
827 688 6 53 . 

8 8 6 

\168 1.,.004 667 438 

969 2 196 3447 3 717 

10 22 34 37 

I I • I I 
--------------~--~~----- ~~--~~~--~~--~--~-----



8 Pa.rt1oula.rs ----N 
lr[arch Apr~ I 

--
1 Average dally d1a 

charge of Gt r1 at 
Chandm for days of 
steady suppbes 
(Excludang &boor 
mal dtscha.rges) 433 407 

2 Catchment area of 
Gu1 above Chandw 
m square mtles 956 9»6 

s Du1charge 1n cuseos 
per equare mlle of 
Gll't catchment 
wh1ch •• purely 
aeepa.ge spnng water 0~ 043 

' Catchment are& of 
JumD& above Tale 
waJa.m square mile 
(excludmg glacter 
area (4336-133) '253 4253 

6 Seepage discharge of 
Jumna above T&Je 
wala t&kmg d1a 
charge per square 
mtle as worked out 
tnS No 3 • o (No 
<lxNo 3) 1914 1829 

e Actual average datly 
dtsoha.rge above 
Ta.Jewal& per day 
ofsteadysupphes 3 531 3 824 

7 Glaa•er contrJbutJon 
of Tons andJumna 
from a total glacaer 
area of 102+31 = 
133 square mzles 
(S No 6-5) 1617 I 995 

8 Dtaoharge poroquar. 
mJleof Glaoter area 
on TonaandJumna. 
(Total area=13S 
square mUes) 12 15 

II) 

Year 1943 

May June 

TAllLE 

dlae1er 0£17lfrlbUtltm tm the 

(D1Scharg8 

Oct Nov Dec Jan Feb 

--------------

302 230 ll92 657 
5371 483 491 

056 9n6 956 956 956 956 95G 

0 32 0 25 l 25 0 69 0 56 0 50 0 51 

42~3 4 253 4 2~3 4253 ~ 2b3 4 253 4 253 

1361 l 063 5 316 2 934 2 382 2127 2169 

4 774 5 884 8427 5 272 4133 3617 3 224 

3413 4 821 3lll 2 338 1751 14HO 1055 

26 36 23 18 13 11 8 



vm 
Jumna Bvstem GS a toholc 

m cueos) 

Yearl~ 

March April 
May J_:: Oct 

:-
I 

488 903 'll 292 650 

96G 966 9461 956 966 

0 81 094 043 0 30 0 68 

4263 4 253 4 2m~ 4 263 4,263 

2189 3998 1828 1276 2 892 

s ,90 6 308 6 305 6098 5 780 

I 321 2 ~10 4477 4822 2 892 

10 17 34 87 22 

11 

Nov 

512 438 625 688 614l 630 348 226 

956 956 956 956 95G 966 956 956 

064 

I 

0~ OM 0~ OM OM OM OM 

4,263 ' 2m! ' 253 ' 263 "253 4253 4 !ml ' 253 

2 297 I 966 2 339 2 637 2 722 2 339 I 631 1 027 

3 813 3 286 3 631 8 ~5 3 906 4 949 4 976 6 228 

1516 1 330 I 292 828 1 194 I GIO 3 4U 4 2111 

11 10 II I 33 

I 
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to ramfall I'or this vecy reaso11 the months of July August and rSep 
temoer had to be omitted for this analysis Details of the methotl Iv< 
loiVcd m workmg out the results are shown 1n Tllbles..YII and VIII 

42 Iu August and September 1944 some obsel".ahons were mace 
on the Kolaha1 glaciei near Pahlgam m the Kashmir State The glacier 
area as measured from l mch t<. a mile ~un ey of India sheet~ comes to 
12 GG ~qu u e miles Discharge observatiOns were made ImmeihatPlv 
down,tream of the glacier area thus ehmmatlng er10rs due to add1 
~tot•s from seepage and sprmgs The results are giVen m Tao~ I'{ 

TABLE IX 

R1111 off jJ OJ~ Kolaha~ Glacwr (area==l2 65 square mtle~) 

I Ra·::all 
I A1r te~era I 

ture 
Discharge 
(£lusecs) 

RQn off per square 
mtle 

(Cusecs) 
(i') '----

!tax f.l Evenmg Mornmg Evenmg Mornmg 

-1--1-ll·-----

Date ~ Kolahat 
(yea 1944) I 

\ (Inches) 

27 8 

28 8 

29 8 

30 8 

31 8 

1 9 

2 9 

3 9 

"9 
'59 

6 9 

7 9 

8 9 

9 9 

10 9 

119 

12 9 

" 44 

03 

88 

57 
I 

1 1 67 

40, 

' 

so 

84 

76 

~6 

86 

S8 

72 

70 

~2 
5!1 

70 

70 

70 

68 

70 

65 

65 
I 

46 

48 

45 

48 

51 

50 

48 

45 

38 

38 

40 

42 

41 

556 

498 

493 

526 

446 

379 

367 

280 

276 

203. 

204 

203 

195 

190 

141 

139 

139 

414 

337 

334 

303 

303 
I 
276 

260 

196 

177 

176 

150 

149 

1221 

~::I 

"30 

.29 

16 

16 

16 

I., 
( 

15 

11 

11 

11 

33 

•s 
! 

27 

27 

24 

24 

22 

20 

15 

14 

14 

12 

12 

10 

10 
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4 3 DIScharge observations were also set up m summer 1944 on the 
Chandra Bhaga ( rhe Chenab River) near Tmd1 Two over,eer~ were 
left across the Pang1 Range for observations durmg wmter months 
For about b monthH they were entrrely cut off It has Just• been }lOS 
s1ble to get the results of their observations The results have 9tiil to 
be analysed after obtammg precipitation figures for the rlllngauge 
station~ upstream of thiS discharge site Ex.cludmg the dischaiges ou 
such days as -appear to have been affected by ram the glacier and ~'nOW 
contnbut 011 per square mile of glacier area at Tmd1 IS shown m Tabt11 
'{ 

1944 

1945 

TABLE X 

I dvdr&gt~~ Discharge 
Year M.onth Glacier area. Average au Diachargem m ouseoa per 

temperature ousecs sq mde of 
glao1er area. 

Sept 62 6 050 8 4 

Oct 52 2 386 3 3 

Nov 40 1330 1 s 

Dec .! 
ii 

34 1100 1 5 

f .. 
' Jan ~ 27 995 

1 ' 
"' Feb .. 29 880 1 2 ... 

March 37 ll83 1 6 

Aprd 44 1653 2 3 

May 64 4899 6 9 

June 59 19 218 26 5 

IMPORTANCE AND POSSWILITIES OF FORECASTING RIVER 
DISCHARGES 

51 L'lbcharges of PunJab river~ for the same months varv very 
w1dely from year to year Table XI give, the mean monthly maximum 
mmtmum nnd average discharges of the PunJab r1vers for th~ years 
1923194J 

Mean Monthly Discharge of these Rivers for Summer and Wm~r 
1\fonths for twenty yems are sho\\ n on Plate~ 2 to 15 

• }ljo\l'ember 194., 



Months 

14 

TABLE XI 
Ducharges of Pun;ab Rwers 

(Mean monthly 1n cusecs) 

l Indus I Jhelum Chenab Ravt Bf&a SutleJ Jumna 
Parttcu at at at at at at at 

bagh above above pur Plam above wala 
above (Pattal) above 

lara Kala I Mangla Marala Madho Mandt Rupar TaJe 

----1 ---- --
3 4 5 6 7 8 9 

------l--~[--a-x1_m_u_ml 34 004 --:::- 1 > 756 4 813 8 4 1 5 596 7 460 

January Mtrnmum 122 931 6 450 4 343 1 332 3 266 3 464 2 718 
______ 1 _A_v_e_r_ag~e- 26 584 7 926 6 830 2 403 4 641 4 325 4 242 

MI\Xtmum 45 810 23 725 19 286 9 861 12 257 7 140 9 455 
February Mtmmum 22 046 6 145 5 161 1 593 3 097 3 109 2 59 

Average,29 128 12 818 10 375 ~ ~ ~ 5 494 

MaXtmum 70 088 46 857 27 224 11 541 10 364 6 193 9 637 
March MlDlmum 26 335

1

11 101 8 427 2 484 3 333 3 406 ~ 575 
----- Average ~ ~ 15 440 5 857 6 350 4 665 6 376 

MaX> mum 112 360 I 63 778 34 840 18 964 12 373 10 238 9 454 
Aprtl MlDlmum 47 786 26 063 12 197 4!08 3 499 3 837 2 682 
_______ 

1
_A_v_e_r_ag;_e_ 70 040 I 42 960 19 98 8 076 7 508 6 340 5 410 

May 

June 

July 

August 

September 

Maxtmum 239 416 80 409 73 357 26 893 16 706 36 917 8 871 
Mmtmum 59 501 ' o8 632 18 459 5 399 4 027 5 511 3 192 
Average 139 536 59 744 34 760 11 185 9 663 15 041 6 222 

---Ma.xtmum 338 060 90 oo1 86 908 
~11m mum 149 777 41 402 29 415 
Average 253 115 &' 852 57 7o6 ------Ma.x1mum 559 812 91 877 110 376 
:MJ.mmum 227 923 38 324 59 624 
Average 337 077 61420 8b 735 ---------Max• mum 432 843 72 534 113 601 
Mmtmum 200 442 24 960 59 916 
Average 097 023 48 033 82 640 ------Maxtmum 188 692 59 °04 ·7 250 
Mmmum 96 529 15 9'7 28 510 

13> 287 

------
22 059 27 310 

8 381 9 209 
13 550 15 Oo5 
------

28 728 69 010 
1* 090 13 314 
20 947 40 516 ------
34 741 129 574 
14 6,3 17 724 
22 072 bl O' ------
17 686 65 456 

6 375 16169 

---
59 °87 
16141 
31 966 
---

90 841 
34 877 
54£63 
---

75 432 
14 550 
5 352 
---

42 899 
14 856 

1~ ~P6 
5 404 
8 0 0 

45 471 
9 460 

21305 

80 327 
141°4 
38 025 

51 534 
Average 27 49.> 40 328 9 880 30 081 25 190 ----·1---------------
Ma~tmum 7° 162 05 333 19 060 5 788 31 029 20 542 

9 ,89 
22 278 

Oetoben. Mtrnmum 41 278 8 039 9 269 2 764 G 81• 6 441 
Average J 52169 12 663 12 538 3 713 10 337 9 135 

Maxtmuml44 641 15 275 ----;w;- -;-;:n 76"22 86Q5 
Mmnnum 27 280 5 728 5 879 1 8b8 311 4 450 
Average 33 690 8 369 7 223 2 323 '\ .>48 5 79 8 -----1-'------------------
JIIaxtmuml34 026 11 602 11 930 I 4 078 b 933 6 6241 
Mtrumum 24 380 5 265 4 482 1 "476 3 851 3 708 
Average 28 169 7 246 6 611 2 086 j 4 839 4 719 

November 

Decem bar 

37 138 
4 862 
P ol9 

1? 3 5 
3311 
5 84 

8 3q5 
2 981 
4 344 

52 The percentage variatiOns above and below average of t'1e 20 
years have been shown m Table XII • 
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TABLE XII 

Vartal1on ~n tke D111ckarges of Pun;ab Rwers 

(PCI centag~ above and below 20 years average 1923 1942) 

Month 
; I Indus at Jhelum Chenab Ravut I Bess at Sutlej at 

Mangla Marala above Pla10 above 
above above (Patial) 

Junnaat" 
TaJt.W&la 
above C

l b at at Ma.dhopnr Mandt Ruuar 

-----1 ------
2 4 5 6 8 ----------------------------

1 

+28 +59 +IOO 
January 

-14 -31 -36 --45 -30 -20 -36 
----1---:~----------

+58 +85 +86 +Iu9 +115 +53 +72 
February 

Jl[arch 

April 

-24 

+68 

-37 

+60 

-52 

+83 

-57 

-JO 

+74 

-58 

+97 

-58 

f135 

--46 

+63 

--48 

+64 

-34 1 -55 

+33 

-27 

+61 

+79 

-52 

+75 

-32 -39 -39 --49 -54 --40 I -50 ----------------~----
+72 I +35 +Ill +140 +73 +145 +43 

Jl[ay 
-57 -J2 --47 -52 -58 -63 --49 

---------------------------+34 +39 +50 +63 +81 +88 +59 

--41 -~6 --49 -38 -39 -50 -33 
.Tune 

--------------
+66 +50 +29 +37 +70 +6a +113 

-32 -38 -30 -37 -57 -37 -56 
July 

---------------
+46 +37 +57 +Ill +36 +111 

August 
-33 --48 -28 -34 -71 -18 -63 

Septe\nber 

-----1----j------------------
+39 +q• +42 f +79 +118 +71 +131 

-b7 -29 -4l -•9 -35 --46 --41 

October 
+381 +lOo +52 +56 +200 +L•5 +290 

-37 -26 -26 -34 -29 --49 

+82 +15 +41 +37 ~ --:j:i58 
November 

-32 -10 -18 -22 -22 -39 

-----l-,--+-2-111---:;:60 +SO +95 +47 ~ --:j:93 
December I 

, -13 -27 --.::2 -29 -20 -21 1 -31 
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53 These heavy variations m discharges are most disconcerting to 
the IrrigatJon engmeer particularly m the critical months of April 
Jliay and June and agam m September, October and November 1f 1t 
we! e pob~lhle to predict these vanat10ns beforehand, 1t would go a long 
w.~.y m hPlpmg the Jrr!gat!On engmeer m the regulat1on and d1str1bu 
twn of avallable supphes It would also gmde the cult1vato1s 1n 
plannmg the1r crops and would permit ef!ic1ent operation of lrr)gatiOn 
works 11 1'-

5 4 In th6 near future 1t lS proposed to construct large reservmrs 
on the r•mJab r1vers These reservoirs would be used to store water for 
1rr1gat10n and power purposes They can be used to good effect ,s 
flood control works lf the diScharges of these streams could be predict 
ed even approXImately a few months ahead The forecast woulcl be 
very valudble where water lS to be used for both Irrigation and gen<> '\ 
tion of electnc power For mstance at Bhakra Dam on the Sutl J 
r1ver the cronomy of generatmg as much firm power as poss1ble on a 
c11ntmuous baSis and at the same time retammg enough water for 1rri 
gatJon would make It necessary to know m advance how much water 
the r1ver would y1eld from month to month 

55 Durmg July August and September the discharges are affected 
by heavy monsoon rains The October November and Decemh~r dts 
,barges are to a large extent a function of the precedmg monsoons 

The Ind1an Meteorological Departlnent(18) made the1r first attempts 
at monsoJn forecastmg 1n the eighties mamly m connectiOn w1th agri 
cultural operations These forecasts were based on empmcal relation 
ships observed between certam pre monsoon weather cond1t10ns ovPr 
Ind1a (and later on over certam reg1ons outside Ind!B such "IS South 
America and Alaska) and the subsequent monsoon ranlfall However 
they depended largely upon what may be termed as meteorologteal mltm 
t10n developed chiefly by the expenence of the forecaster It was S1r 
Gllbert T Walker who first ehmmated this personal equation com 
pletely He did thiS by applymg to the problem the methods of modern 
stnnstlcs 

llis first formula for forecastmg was worked out m 1908 From the 
dnt .. for the years 1919 to 1924 different formulae were adopt2d for 
d1lierent reg10ns of India 

Ramfall IS forecast for N W India for the followmg seasons (•) -
W111fet'-January March 
Monsoons-Jun&-Septemher 
Monsoons-August-September 

These forecasts refer to large areas of the country and are 1ssuPcl fer 
per1ods of not leSs than two months mth 80 per cent chance of correct 
n...,.o:;s 1 1 1 't! 1 1 

ConsH!erahle further Improvement m the methods of forPV\~tm~ 
monsoon and wmter ramfall should he possible from a detailed stab• 
heal analvs1s <.f meteorological data 1D othel' reg.ons of the earth s11 b 
as Awstralla Amer1ca, Africa, .Antarctica ana the Upper a~r 



56 From April to June, howeve1, the mam source of run off IS 

snow !'or more than 30 years forecasts have been made on ce1 t .. 1n 
r1vers m the Umted States- of Amertca particularly for April to July 
run off from the data obta1ned by makmg measurements of th~ water 
content of the snow that accumulates durmg the Wlnter 

Upto 1935 forecasts based on snow surveys had been successfully 
made for most of the prmClpal water sheds m Navada Utah aud ( 'lb 
forma and some forecastmg had been done In Oregon Idaho Wyommg 
and Wa•hn:gtoi Smce July 1935 there has been under wav l no 
gramme authorised by the Fed•ral Government to extend I!Dd umf~ 
the actiVIty throughout the eleven Western States 

Accuracy withm 10 per cent on the forecast has been usually pos 
~~ble In 6J forecasts covermg 19 years, 41 or practically t\1 o th11 ds 
were withm 10 per cent of accuracy and all were mthm 31 per cent 
Twenty seven or nearly one half were wtthm 5 per cent {0) 

A CHANGE IN THE METHOD OF MEASURING Sl{OW IN IliDIA 
IS INDICATED 

61 ~\t present, m Ind1a precipitation m the form of ~now lS 
measured 1n two ways At stat1ons proVIded With ramgauges the snow 
collected m the gauge IS usually melted by addmg a known volume of very 
"'Varm w .. ter and then measured as water At other places 10 mches oi 
snow IS taken as eqUivalent to 1 mch of ram (0 ) 

6 2 'The snow that falls does not flow to the stream hke ram 1 'ltcr 
It Jorm, a natural storage reservoir and goes on accumulatrn~, at lll!,h 
elevabonb till It IS melted by the heat receiVed from the .un 'l he 
aiDount of run off from a dramage basm cannot therefore be p1ed1ct 
ed from the present meteorological measm ements of the snow that 
falls 

Because the water from melting snow 1s far more effective m creat
mg pere.:1n1al water resourLes the first need IS that precipitatiOn su ould 
be uass1fied mto:. ram and snow separately rather than collechvelJ as 
IIJlllual preCipitatiOn, as IS the present practice 

8 3 .:.now I~ an elusive substance when falling, and 18 elastte an<l 
haole to eros1on after It has come to rest Only m sheltered plaCPil wllJ 
the preCipitation gauges giVe readmgs comparable to the water content 
of the actual snow fall and even tf the snow field 18 stable the snow 
stake will furmsh a rehable mdex of the relative depth only after a 
sufficient mter'Val has elapsed to permit the newly fallen snow t() np 
proach the density of that beneath ( •) 

Shtelded gauges and devices for neutrahzmg' a~r currents at the 
ortfice of the preCipitation are now betng developed The results 
obtamed by these methods are comparable to those of snow Rurvey 
One such I~ the FPrgusson recor<lmg ram and snow gauge fittecl w1th 
an Alter Screen now bemg Wldely used on snow surveys m the Western 
States (U S A ) The amou11.t of preetpitation Is determtned by 
wet~ht(8) 
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6 4 Me~~~uremPnt of snow by means of the " snow sampler '~ a 
very ~or 1te method of estuuatmg the water content of a snow field 
The snow IS reduced to the melast1c standard of water and the dJStot 
bon m measurements due to wmd can be a'mded 

Vetbcal cores are cut from the snow along defimte 'snow courses' 
at regular mte1 vals and the water content 1s determmed by we1ghm!!' 
The uncertain factor of the varymg snow dens1ty 1S thus ehm1nated 

The snow sampler cons1sts of-

( a) A tube for holdmg the sample while bemg '11e1ghed 

(b) A cutter for bounihng the area of the sample and 

(c) A sprmg balance for md1catmg duectly the wate1 eqmvalent 
of the snow cover 
For details of the snow sampler and other eqmpment reference 1s 

mv1ted t" ttems 6 11 and 14 of the B1bbography 

FACTORS AFFECTING RUN OFF FROM SNOW COVER 

7 1 The factors uffectmg rurl-off from a snow cover vary no~ cnly 
wtth geographKal regwns but also w1th seasons m the same area 

The 1 ak and quantity of run off from meltmg snow are detcl'mmel 
pr1mar!ly bv the water eqmvalent of the snow co' er ground conm 
twn~ allc~tmg mfiltratwn losses evap01at10n and the rate o.f release 
by meltmg 

Water contents of snow cover 

12 'I hP 'olume of rnn off f10m a snow cover 1S hm1ted ' 1 the 
amount o[ water contamed m the form of snow and tee plus the water 
stored 111 tlJP <now structme Water eqmvalent of a snow cOHt m·n 
su.bstant1ally exceed tho mmsture eqmv,l!ent of preCipitatiOn that 
occurs m the form of snow by reason of the retent1on of ramfall m 
he vo1ds of the snow structure 

Tinder av<rage cond1bons the dens1ty of freshly fallen snow 1s 10 
per cent • e 10 Inches of snow are eqmvalent to 1 Inch of water As 
the mow remams on the ground the dens1ty mcreases by rea~ml of 
paeJ. .ug and by an alternate thawmg and freezmg process The dens1ty 
of sit 1V may be as h1gh as 50 to 60 per cent The most common dens1t1es 
range rom 20 to 30 per cent 

A.r. apprec,able amount of mmsture may be retamed In a snow 
cove~ 111 a free or unfrozen state A frurly comprehensive ser1es of 
field atudles have miheated that under average cond1hons a column of 
mow Is capable of retammg ftee water equal to 20 to 25 per cent of the 
dry we1ght of snow 

Ground con!htwns 

7 3 Tlte mfiltrabon capac1ty of the soil beneath a snow blanket 
bas a very Important mfluence on the quanhty of run off from snow 
ment If th~ ltround 1s frozen, the mfiltrabon loss may be very small 
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Ina~rnuch as snow ts a p001 conductot of heat very little nddttlunal 
free~mg of mOJstme m the soli may be e:~.pected aftm a muder.1tc depLh 
ut >now has been accummulated The opttmum ground condtttuni tor 
lngh pu~~ntage of rllll off from snow melt result when a severe t~eeze 
occurs puor to the occurrence of deep snow and the capillazy field 
mOisture IS h1gh at the time of the freeze( 8 ) 

EvaporatiOn 

7 4 \Vmthly evaporatiOn of snow on a watershed may vazy from 
1 0 4 mch to 1 4 mches or even more Author has not been able to get any 
figm es for evaporatiOn m the snowed catchmelllts of PunJab rtvers 
On the bas1q of the e:~.tremes for any smgle month as shown by measure 
ment~ ot ev3poration 1n the open at an elevatiOn of 6 000 feet m the 
S1en a :I.e' add the maxtmum monthly vanatwn m evaporatiun expect 
ed hom the vartatwn ur the weather was about 6 per cent of the 
n01 mal snow .cover at that elevation Smce the mcrease m evapora
tion with devation will be offset by the mcrease m depth of snow 
cove,.. the percentage may well be taken as representative of Qther 
elc' atwnq • 
Rate of re1ease by meltmg 

7 5 Beat of the Sun IS the ultimate cause of melting The llll 
ru1 diate fa~tors 111 the probable order of effectiveness, ate 

(a) rad1ation from sun and sky 

(b) c-onveetwn and conductiOn from the rur 

(~) warmth of ra1n 
( <.1 1 penetra+Ion of snow by tlte energy of the sun ~nd 1 1ts 

lcfiattiOn from beneath and the tes~odual watmth of the earth 
J rom tloe previOus season 
\ d< t nled d!"cusswn of these factors would be outside the hCopc 

ol th1~ p'lper Only general results are stated fo1 the mfo1matwn of 
ICldeiS 
(a) Radwlum from Sun and Sky 

UndPr ordmarv conditions there IS an appreCiable exchan.,e of 
1edt by means of rad1at1on between a snow cover and space The snow 
ab>orbs solar radmtJon and at the same hme r11d1ates heat back mto 
space 

The net loss or gam of heat to tlte snow mantla by radiation has 
not been ,quantitatively determmed 

Owmg to direct msulatwn the surfaC'e of snow near m1dday 
m !'unhght may melt although the a1r temperature IS l8°F below fleez-
11 g Thts tfl'ect IS however, greatly hmtted by the reflectiVIty of -the 
snow surface 
(b) Oonvechon and conductwn from the a1r 

Heat from the a1r to the snow mantle IS transferred 'Ill two ways 
{i) by dn e t heat exchange due to tlte temperature difference between 
the au• and ~now and (n) by the release of heat through condensa 
han of motsture on the snow surface ThiS tran.sfer of heat results m 



e~>nversiOn of tl•e ~ohd portion of the snow mto hqmd form at the tate 
c,f 1 g per 80 cal , the heat of fus10n of Ice In as much as the heat of 
fusion of tee 1s only 80 eal and the heat of vaporiSatjon of water 1s 
600 eal per g the m01sture condeliSed on the snow surfaqe melts 7 5 times 
Its own weight m snow(1T) 

Wmd may drift the snow mto sheltered portiOns or 1t may mer<-a•e 
the rate of evaporatiOn or accelerate meltmg The maximum variahon 
m the annual driftmg of snow durmg deposition periOd cannot be large 
and 1ts cbtef effect may be retardatiOn of meltmg 

Con+ ary to the usual behef, temperature changes within normal 
bruits mereh:· acceleiate or retard the rate 01 run off without nohceabQ 
p!Jangmg the total amount This IS because drippmg from the snow 
fields once started m the spnng does not cease suffiCiently to allow the 
HO•I to dQ ont and reqmre a second primmg m other words meltmg 
snow hah the effect of contmnons ram Furthermo1 e the snow decends 
mto the sol! m the form of what may be called ' restramed ram ' 
rather than a ' deluge ThiS lS espeCially true at tire lugher eleva
tions where the depth of the snow gtves It addlt10nal capillarity The 
extent of the mfiuence of these factors on the meltmg of snow Is m 
dieated by the followmg formulae presented by WilSQj1(19) -

D,.=K1V(e- 6 11) 

D =K2V(T-32°) 

Where D,. IS the water equivalent of snow melted m 6 hours m mches 
depth by mOisture "ondensat10n 

1 • De IS the depth melted m 6 hours by dtreet heat exchange fi om 
the atr by conve~hon and conduction 

V IS the Wlnd velocity m miles per hvur 
1. Is the dry bulb temperature m FO 
11 18 the vapor pressure m mllhbars 

K, IS a co-effiCient mvolvmg the latent heat of 1ce exposure ef 
mstruments and eonver&on uruts 

K2 IS a co efficient mvolvmg the factors m'.entloned for K1 and 
atr density and turbnlance 

K, lS approXImately 3 to 4 times the values of K2 

For the most common arrangement of mstrnment mstallation and sta 
tlt.ns less than a few thousand feet m elevation above sea level th" 
total water equivalent of snow melted m 6 hours by the processes 
referred to above (say = Da ) 18 given by the followmg approximate 
relatlom.lup -

Da= V(O 002 T + 0 006 e-0 100) 

The above may be modified by mulbplymg Wlth a constant represent
Ing any particular basm charactensbcs 
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~c) Warmth OJ ram 

The latent heat of melting of Ice IS so gteat that the amount of 
me1t water produced by rain IS ordmarily tri'VIal The relation of melt
water produced m mches depth to depth of ram m mches IS gtven by 
"lorton ( •) as 

Melt :watcr=O 006954 (6- 32)p where 6 1 o the temperature of the ram 
111 deg F .. and p=ramfall m mche1 

Even w1th ram at as high a temperature as 52° F or 200 above 
free7.mg 1 mch of ram would produllC ull.ly 117 mch of melt watc1 
(d) Fe••dual 'lhUrmth o.f earth 

The effect of the res)(lual warmth of the earth from the pre
vious se~~on rna~ be constdered as almost neghg1ble m the hght of dry 
cores of '110\\ formed th1 oughout the wmter and the relatively tmy 
wmter run off of the streams The exact effect of this factor m the caqe 
of PunJab rivers bas yet to be evaluated 
'.>EGREE DAY METHOD OF ESTIMATING RUN OFF FROM SNOW 

COVER 

81 ObsPI vatwns of the necessary data affectmg run off from snow 
c"' er are rarely available Several mvestigators have tr1ed to obtam 
cor~elatJOns betwPen ' degree days ' of temperatures above 32° F and 
tl1e run off from snow melt expressed m mehes depth from the snow 
JLPa 

82 Experimental data by Horton(lO) and Clyde md1eate that l°F 
of temperature excess abuve 32" wtl! produce 0 04 to 0 06 meh of meU 
w'lter per 24 hours from clean ~now under laboratory conditions m 
•liJiused hght 

8 3 Meagre data of snow meltmg rate under natural conditiOns 
by Fol•e Clyde and by Dr J E Church and Lea~h Cook and Horton(ll) 
mdicate that under natural condtbons the meltmg constant IS either of 
the same order of magmtude or somewhat greater In exceptional 
cases the runoff from snow melt has exceeded 0 22 mch per degree day 
for at least 24 hours(lB) 

3 4 Observations at the foot of the Kolaha1 glaCier (Kashmir State, 
India) carrted out m August and September 1944 and reproduced 1n 
Table IX gtve a vanatton of 0 015 to 0 053 mches per degree day 
above 32° F, the average bemg 0 031 

8 5 On the ( handra Bhaga (The Chenab Rtver of the PunJab\ 
temperatures are r.va1lable for Tmdr only wh1ch hes at a height of 
8 000 ,f~et w1Ile the glaCiers are at heights varymg from 16 000 to 
20 000 feet above mean sea level The depth of snow melt 10 mel,~s 
calculat~d on the basiS of discharges and temperatures at Tmdt for the 
various month~ are given m Table XIll 



Month 

September 1944 

October 1944 

November 1944 

December 1944 

January 1945 

February 1945 

March 1945 

April 1945 

May ~945 

June 1945 
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TARLE A.Ill 

lJrptn. of snow melt at Twd' 
(In hes per degree day) 

Depth of Snow melt tn mches per degree day 

0 C07 to C C>S 

OC04to00!0 

0 006to0 013 

0 005 to 0 030 

0 019 (Temperatures below 320}' but about 1 000 cuse( 'ld1s 
charge stlll ex1stcd ) 

0 015 to 0 044 (Temperatures below 32 P but the stream car 
r1ed a discharge of about 800 cusecs ) 

0 C05 to 0 046 

0 C04to0 Oil 

0 006to0 017 

0 017 to C 067 

8 6 .Although the 1auge m values given above IS very large 1t "' 
perhaps no greater than what might be expected m consideration of the 
\nriable:. discussed m para 7 

8 7 Actual meltmg takes place at a rate dependent on the heat 
balance The temperature of the a1r near the ground Is only an In 
turect mdiCator of meltmg rate The mtens1ty of solar radiation 
received at the snow surface appears certamly to be the prmcipal con 
trollmg variable('0 ) Measurements of solar radiation are at present 
meagre Neither are they likely to become suffiCiently numerous con. 
pared w1th a1r temperature record to permit the1r general use m pre 
diet!~ snow meltmg phenomena It seems possible by researches to 
c<.rrelate the direct vanables with 8lr temperature m such a way as to 
prov1de a basiS for selection of a meltmg constant for given conditions 

1 to be apphed m c&nJunchon With air temperature excess much 
as an engmeer selects a roughness factor for use m conJunctiOn with tn& 
Kutter or the Mannm_g formula('0 ) Such researches are greatly to be 
demred _, 

HOW STREAM FLOW CAN BE FORECAST FROM SNOW 
SURVEYS , 

9 1 Dependable e~bmates of the run off of the snow fed streams 
of tlle PunJab particularly from April to June can be made from the 
measurement of the snow pack after the accummulation of snow has 
rea~hed 1ts ~altii!lum 
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I 
Tw'.l methods of £01 eca~tmg bru.ed upon snow surveymg have been 

d~velopcd 1n America l'he dllierence between the two methods 1s 
'undamental 1 he earhe1 1s known as ' the method of at ens and tile 
nore r~cent ont- as the petcentage method ' 

The method of Areas 

9 2 Snow surveymg had first tal en the form of me11surement of 
the eulnc tontents or acre feet of "ater m the snow for enhre ba;uu; 
w1th estimates of losses suffered en 1 oute to the dJschargmg streams 
'J'ln& was accomplished by the- use of numerous meas~ements at. ran 
dom ot 111 fixed locatwns as the surveyors might elect It wa~ kno" n 
as The method ot areas " It differed m no way from the precipita 
twn gang~ except that It covered the area m greater detal] This 
method suffers from two dii'ficulties -

) 

(I) the large varmtwn of tl•• snow cover (even of mdtvidual 
'IJa<Ins) w1th elevation and distance from the crest of tts watershed 

' 
1
(n) the difficn.l~y of determnung the normal seepage and evapora 

twn lc.ose; of the regton I _ j , 1 ..._. j 
1 ~be above two difficulties cause a Wide dtvergence between the $ow 

co~er and the r'Un of! 1 1 

The percentage meth~ 

I 9 3 .A mere r~cevt method developed at Nevada U S .A and 
knowQ as the percentage method ' diScards ent1rely-1 lthe 'meth<Y~ of 
'treas - -It-merely seeks to deternnne the percentage the snow field 
at an) fixed pomt bears to the avetage snow field m the basm To do 
th s It IS necessary only to mamtam a seues of measurements carPfully 
taken m the same spot each year These measurements laid out at 
defimte mtervals from one fixed pomt to another were named ' snow 
courses To avOid the effects of dr1ftmg long courses With twen,ty 
five to fifty samplmgs are sometimes employed and the average taken 
as md1catmg the snow cover 

The percentage method ' IS based upon the fact that the big 
storms whtch furnish the bulk of the wmter snow are ' comparatively 
uniform m mtensitv mer a considerable area thus differmg from the 
spotted character of ramfa)J 

Accordmg to this method the only thmg required Is to maintain 4 
tc.. 6 snow survey courses diStribu~ecl over characteriStic parts of a baSin 
and by averagmg these mdiVIdual seasonal percentages to obtam a 
close seasonal percentage for the basms as a whole If averaged for a 
fair number of years the course would giVe a ' normal ' or ' mean ' 
water content by which to estimate the percentage relatwnsh1p of 
commg seasons This would be obtamed by diVIdmg the new suo'!\' 
cover by the mean snow cover I Vanattons of snow cover are known 
to range from 30 per cent to 160 per celltt of the UOl"!Jllll and even more 
on occasion& 



94 Th1s percentage relationship 1s found to correspond closely 
w•th a s1mllar percentage relatwnsh1p of run off m the st1cams fc 1 b~ 
the now fields Thus a 75 per cent snow cover of Apnl assumed an 
approximately 75 per cent lUnoff durmg the months of Apr1l to June 
mclus•ve After th1s streams will be aftected bj heavy monsoon ram 

The graph reproduced below as Figure 1 shows the harmony that 
elnst~ betwePn ~now cover and runoff of the Truckee Rn er f <~'Ill 
(C'ahforma Nevada) (from Item No 6 of Bibliography) 
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The percentage method avOids practical!) ali the obJections to the 
raul!fall or area method and perm1ts umfied treatment of all ba~ms 

ll'respecbve of the1r s..ze elevatiOn phys1eal character forestahon and 
the nature of the catchment dra1nage 

The water content 1s determmed by means of the ' Snow sampler " 
de•cr1bed m paragraph 6 4 

9 5 The water supply forecasts based on snow surveys are made 
on the assumption that there 1S a simple relationship between the water 
content of the now cover on a dramage area and the run off from that 
area( 14 ) 

ObservatiOns are mamtamed for a number of years for the 
mPasurement of average depth of water m snow cover at smtably 
selected pOHIU. and net run off m acre feet The results are plotted 
as Ehown m F1gure 2 (BoiSe R1ver Basm Idaho) and a co relatioiJ 
bo~tween the two quant1tJes obtamed. 
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The average depth of water m snow cover lB the arithmetic mean 
of the means of the water content measurements for the three courses 
on the Botse RIVPI Basm The net run off 1s the sum of the stored 
water accumulatmg m Deer Flert and Arrowrock Reservc.us 

In the case e1ted a fhst degree functwn was fitted the equation 
representing the stratght lme bemg(U) 

R=57 9 P-369 4 
Such a function can be used very effectively for foreeastmg the 

supphes available durmg the commg hot weather If P, the water eon 
tent Is determmed by systematic observattons of suttable pomts on a 
fe\\ selected suow courses 

9 6 The faPtors afl'eetmg the forecast by the percentage method 
are few The baste prehmmary reqmrement IS the mamtenance of fix 
ed ~now courses w1th fixed pomts of measurements Courses should be 
fanly long say about 40 mea&'llrements 50 to 100 feet apart Also 
eoUr•es &hould be located at sufficient altitudes to prevent thstortJOn of 
the measurements by wmter meltmg 
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Accuracy of stream measurements 1S equally 1mportant Unlesi 
based on a Jcng per1od the normals for snow cover and stream fluv. 
should represent the same senes of years 

The ch1ef d1stortmg factor IS the poss1ble divergence from the nor 
mal ol the precipitation durmg the per1od If preCipitatiOn 1s ent1rel' 
ltckmg t.he runoff w1ll fall below the forecast to an amount dependu•~ 
upon tbe'rate of the water content of the normal snow cover to ttJL 

normal precipitation durmg the penod 
On the PunJab rneis th1s factor cluung April May aud .June I> 

comparatively less Siguificant Thus a lngh degree of accuracy m f01ce 
castmg for these month. should be possible 
S~OW SURVEYING-A FIT EUBJECT FOR THE CENTRAL 

WATERWAYS mRIGATION AND NAVIGATION COMMIS 
SION 
10 1 The snow fields and glaCiers whteh feed the PunJab rivers 

are mostly Situated outs1de the provmCial boundar1es of the PunJab 
Wblie the PunJab will undoubtedlv ga1n from any snow surveys that 
are undertaken the subJect 1s of mte1est to many others not conne~t 
eJ "1th the PunJab The subJect appears therefore to be worthy or 
t>1e attention of the ne" ly constituted CommisSion of Waterways lr 
rigation and NavigatiOn at the Cent~ 

10 2 In the Umted States too puor to the wmter of 1935 36 snow 
surveymg by the percentage method was m progress m Cabforiua ancl 
parts of Nevaaa and Utah With local measurements m two or three other 
W•btorn states From .July 1 1935 the Federal Congress authons•d 
tLe DIVISIOn of Irr1gatJon of the Umted States Depai tment of Agricul 
ture to coordmate and extend snow surveying and the forecastmg of 
ll'llgatzon water suppbcs to all western states Co operation bas been 
ell'eded w1th the western Canadmn Provmces as "ell Exchange 11r 
data between tne States ancl with Canada has been most eftectlve "'be 
eqmpment has been standardized so as to give comparable results 

10 3 Under the Federal Government prog1ess has been very raprcl 
In 1943 there were 829 dependable snow courses The number of 
measurements on each course averaged at least 15 There were 177 
active eo oper1ttors The snow courses are measured three tim~s •a~h 
'<"ear m some Stateq four times m others and five t1mes m still others 
~~mplete measurements bemg made on February 1 and A"[lrll 1 

Releases of snow survey and water supply mformatton were made 
from two to five t1mes m each state There were 153 rad1o broadcasts 
g" mg mformatton on water supplv '\nd snow cond!ttons In acld!ti'ln 
n:1format10n 1s furniShed to the local press and for release m W aslungton 
There were 966 mdivlcluals who took part m sno'v sm veyrng on 
February 1 and agam on April 1 1943 The snow suryeyors have at 
theJr disposal 266 shelter cabms and of these 77 are owned by the 
Government Many of the snow courses are so located that they ate 
readily accesqible to roads that are kept open durmg the wmter or near 
1•.1b1tations where food and shelte1 are obtainable 

10 4 It IS further suggested that the co operatwn of the Mete01 0 
log1cal Department of India should be enlisted 1n lmprovmg the 
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methods of forecastmg ratn:fall more accurately wtth a VIew to uhbzm!S 
me mformatton along wtth the results of snow surveys for the purpose 
of forecastmg the discharges of rivers 

SUMMARY AND CONCLUSIONS 
11 The author has qhown that snow and glaciers have very 1m 

p111 taut effect on the discharges of PunJab rivet~ There are apprec1 
able contrtbntiOns to the run off from glaCiers The question naturally 
ariSes that If the glaciers from which the PunJab rivers are fed are 
rePedmg how are the dtscharges of these rtvcrs m the diStant future 
bkely to be effected 

Snow and glaciers form very valuable natural storage reservoirs 
i"r the PunJab canals It IS therefore htghly destrable that a proper 
account of such resources IS kept Snow fields and glaciers feedmg the 
PunJab rivers are however mostly situated outside the boundaries of 
th~ provmce Snow surveymg will also be of mtere~t to others besJ.des 
the PunJab It Is therefore suggested that Snow Surveymg IS a fit 
~ubJect to be taken up ~Y the newly constituted Commt~ton of Water 
ways Irrigation and Navigation JUSt as It IS bemg done by the Federal 
Government of the Umted States of America 

The pre~ent methods of measurmg snow m Indta are Inadequate 
It IS therefore necessary to mtrodnce more modern methods such as 
have betn develop~d m the Umted States m recent yea1s 

It has been shown that It IS possible to forecast nver dJStharge'l 
from March to J nne from snow surveys and that such forecasts w11l bP 
of g1eat help to 1 rJgatJOI"I engmeers for the dJstrJbutwn of a\auable 
wate1 supplies and m the operation of Irrigation works Includmg pro 
posed storage reservoirs 

A rase has been made out for effectmg Improvements Iu forecast 
of ramfall by the MeteorologJeal Department With a vtew to uhhzmg the 
miormatJOn m conJUn(tion with results of snow survey~ for foiecast
mg discharges of rivers 
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