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PREFACE

The current issue is one of four issues of the Manual of Hydrological
Forecasting, prepared by the Central Forecasting Institute, The first
three issues dealt with the forecasting of the elements of the water regime
of rivers. Issue 1 - short-range forecasting of water discharges and
stages; Issue 2 - long-range forecasting of lowland-rivers runoff; Issue 3
- forecasting of runoff of mountain rivers.

This issue deals with the forecasting of ice phenomena on rivers and
storage reservoirs. In individual problems lakes are considered together
with water reservoirs,

Like the previous ones, this is a practical handbook for lecturers and
students studying hydrological forecasting and may be used to solve other
hydrological problems,

In accordance with the main purpose of this book, theoretical problems
are considered here only to the extent to which this is necessary for the
understanding and mastering of its content.

Both methods of forecasting and calculation, which can be directly used
when preparing forecasts are given in the book. The ways for working out
relationships by the methods described are indicated. Special attention 1s
paid to methods which have been tested and used in practice. The accuracy
of these methods satisfies the requirements of the Instructions of the
Forecasting Service (Section 3, Partl, 1962). An account of some new
suggestions and improvements which arose during the work on the Manual
are also given.

The calculation and forecasting methods described in the book are
illustrated by numerical examples and graphs. However, in the case of the
simplest methods, whose use is clear, numerical calculation examples are
not given.

The various forecasting methods have not been treated evenly; fore-
casting ice phenomena in mountain rivers has not been discussed,

The science of hydrological forecastings (with particular reference to
ice phenomena) is still in the making. Therefore, every new result in this
field obtained after publication of the Manual is likely to improve the
forecasting methods,

Apart from books listed in the bibliography, the authors used the vast
experience of the hydrologists working at the Hydrometeorvlogical Fore-
casting Service of the USSR.

This Manual has been written by the following scientists: 1.V, Balashova,
S.N. Bulatov, N.F, Vinogradova, B. M. Ginzburg, V.V, Piotrovich, and
L. G. Shulyakovskii, in joint cooperation with B. P, Konovodov, V. Ya,
Amineva, G.A, Andrianova, V.M. Busurina, F.V. Dement'eva, N, D,
Efremova, L.V. Kozhankova, L.D. Polezhaeva, K. N, Polyakova, T. P,
Chekirda, G V., Chistyakova and others,

Scientific editing has been carried out by L. G, Shulyakovskii.

—




Chapter |

FORECASTING THE APPEARANCE OF FLOATING
ICE ON RIVERS

A CONDITIONS FOR THE BEGINNING OF ICE
FORMA TION

Independently of whether surface or anchor e prey ils on the river
streteh unde r conside pation, ice formation begins on the river surface
Vs 18 known, wee forms on water surface when the surface temperature
hes the temperature of water crystailizatron which for rivers and fresh-
r hodies 8 practically 0°C

It is also known that at the moment of ice formation on the surface, the
temperature below the water surface 1s positive, It varies with rivers and
cater bodies  For one and the same river streteh, or in the same region of

a water body, it varies shightly from year to vear

What are the conditions atuch control the temperature in the water body
at the moment when iee forms on its surface”

e answer to this question can be obtained by examining the heat
balance of the water surfacy

.ot the equation of the heat balance at the water surface be in the form

A+8=0 nn

shere A 1s the heat NMow between the water body and the water-air interface,
vhen the water cools off 1118 the heat flux from the water body to the water-
aroanterface; B s the heat flux at the wa
radiant heat exchange (R), evaporation, or cong
exehi

r surface) rosalt
nsation (LE).

we with the air (P). as well as from the specific heat inflow or

outflow (per unit surface and unit time) connected with the occurrence of
precipitation on the river surface (m)

B=R+LE+4+P+m. 2n
Ihe heat flow 1s assumed to be positive if directed 10 the water surface
and ¢ { directed o the air

The heat flow between the water body and the water-air interface may be
represented as

gahive

A=a(d -0, 3n

where @ s the cocfficiont of heat tra
water-air interface or the reverse hin

v the waler body o the

aords the eocificient of heat
exchange), ® is the averaged aater
depth, ®., 18 the temperature of the water surface

Pratire one p the ©Poss Seenon or




In this case the heat-balance equation (1.1) will assume the form
a(d —8_)+ B8 =0. “@n

he temperature gradient and the value ®., in a thin surface layer vary

B wile cquation (4 1) remains correet When the surface temperature

'PS to freezing point, a further increase in B cannot be compensated
decrease in 0, and by an increase in the temperature gradient,

In this case ice formation begins on the surface,

Thus, 1ce forms on the surface of a river or a water body when the
surface temperature drops to freezing point, and the heat release at the
water surface exceeds the heat inflow from the water mass

Taking 9_,=0 at the beginning of ice formation and denoting the values of
a, ®and B for this moment by @, Oy and B,, respective y, we obtain with
equation (4.1) the following condition for the beginning of ice formation:

for hy

--.l<_8,,, (5 1)
or
h<- f—:‘ (6.1

Inequality (6 1) shows that ice formation on water surface becomes
possible 'n the water temperature averfged over cross section or depth
.

is lower than, or equal to --.b-
L

B. FORECASTING OF ICE PHENOMENA USING
WEATHER FORECASTS 4

Forecasts of the appearauce of floating ice with a forewa rning period of
several days are based on the use of the air temperature forecast In this
cuse, the forewarning period of the 4ppearance of ice represents the
number of days for which it is possible to obtain a reliable forecast of the
air temperature.  As is shown in practice, the forewarning period 1s 4 to
5 days on the average

The prediction of ice dppearance using the air temperature forecast can
be prepared: (a) by caleulation, and (b) by empirical (physical and
statistical) relationships,

For river stretches for which there are no long-term data of observa-
tions on ice phenomena empirical relationships cannot be obtained. The
prediction of the time of ice dppearance on rivers after the construction
of dams and creation of Storage reservoirs under conditions of
backwater and runoff control, using relationships which were established for
@ given river stretch from observations on this stretch in years preceding
the runoff control, is impossible. For such river stretches forecasts can
be prepared only by calculation.

§ 1. Calculation of the appearance of floating ice on rivers

As was shown above, the condition for the beginning of ice formation on

a particular water surface is (inequality (6.1))
’ﬂ
< — -

Thus, in order to determine the probability of the hvg|r::::n:":"f”x:l.f;“ o
{ on 3 t a given moment, it is necessary to know for thi ..’“ .
iy ‘- g averaged over the cross section or depth, O b
"‘“t""ﬁ‘;':::::::::hr of the water surface, Ba, and (c) the coefficient of
:E:fllransh'r from the water to the water-air interfac ﬂ::mgnz_,], —
The water temperature @, at the end of the f:-lh tim
represented as a function of its determining factors

ol i(.‘(.-(nsil- T (n-.‘+lll]] +

L]
L=+ SF e,

od 4+ (a4 R)g - N
tareenw 0~

N g et +(e+2) )¢

@Thhp °*

¢=0+¢+e

S 4 g » natural

where @ is the initial water temperature, € 15 the base of the :I’- :.—n L

s : nur e ays ror e
logarithms, A is the number of time intervals (number T[»dl')k gy bl
gm‘:\nn-ng n.I the calculation (for the time for which 0 was J(.‘.,,...' pa‘;“l‘..

rial number of the time interval (day) from the beginning o il .l‘(..- 1
it the water to the wi -

] t of transfer of heat from
tion, @& is the coefficien e
¢ sverse, R is the coefficient of hea
interface or the reverse, ! ? : ] bl
d l‘ﬂ the specific heat exchange at an air temperature equal ;n,,.",., i
-ur:fd:-v temperature, y is the specific inflow of undvrnrnavzﬂ .d g ,m o
" : i 1 s the dens )
» specific heat of the water, p i

the average depth, € is the speci L ; i
Ilzh o lg§ the unit time (24 hours), 8 1s the mean 'mr(mm:m‘l:
e 5 i b 3 * Spe 1 hanne
the §-th time interval (during the i-th day), g 18 the s-p-:: :' .\‘ :.,,_ 5
inflow. @, 1s the specific heat inflow from the bed 'q_. 1= the sp
mflon‘(rom the underground water; @ 15 the specific
rnergy dissipation i .
| ll&(‘rlmg from (7 1) the value of 84 into (6 1), the condition for th
beginning of ice formation becomes

heat

weat inflow due to

=(a=ils _

—l+l)l)l +

-
ak b 9. (e
O.e -+ ak + (84 &) 10p .ﬁ::[ "(
—_—— 2, ]
a4 (a iy 1—e™" -
+ ok + (a+ Rhyep ( )< L
With ineguality (8.1) it 18 possible to calculate the

of the appearance of float ‘
aged over the whole period of ¢

time of the beminmng

culatin

ice on the
of ice formation (i. e,

> -3 P 1S aver
If the air temperature is ave § e o
(during m tume intervals or A days), the Press

M dod (e +Ma (@ 1
B b e e e,
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quality (3 1) it 18 then possible 10 use

+edtfath)g = B,
Areihm O CTIS-ok (e

B . 2.
s b
0 15 the mean air temperature during the period of calevlation

ly during the period of caleulation (several days before the

ng of wce formation) the water temperature in a small or medium

=tze river is considerably lower than the temperature of the underground
wsater  In this case, sinee the sh

e of the heat inflow from the underground
vater in the heat balance of the river is relatively small during the period
nnder consideration, it is possible to use the following, simpler

caleulation formulas

fal when the air temperatare is averaged over indivi
usually over 24 hours,

ou‘-n-.+ ‘2‘. l'll'-"-l"'—‘ e-ll-i’l)q”+
+HE+ - gL, (1en

ol time intervals

vhere
i O
T e+ WPhey *
(by when the air temperature is .:w'l.agvd over the whole calculation

period,
..,—--_,.(i_;.{_+'_‘!'.,£¢)(|_,'"-)<_ B, (z.n

For rivers with a very low veloc ity the values of @ are larn

compared

sith those of R In such conditions the difference between 5

and uni

. .
can be neglected,  In this case the following formulas ~an be used instead
of (11.1) and (12 1)

(a) when the air temperature s averaged over individual time intervals
n
— ey - - - -
e e I
i=

(13.1)

vhere

when the air temperature is averaged over the whole caleulation

et (1 L) (1- e < -

peruod,

- [RE R ]

For o mean stream velocity on the flow stretch exceeding 0,410 0.5 m/sec

I} T el L] ‘
ifterence between and unity may be neglected during the

period The mean Now v

locity at hydrometric gaging sites s
1derably lower than the mean fow velocity at the indic 1
For the above-given mean flow velocity at the given stretch, the

city at the hydrometric gaging site should be about
v .l sec on the average,

usually o«

treteh

mean tlow

on on Fvers can b

It 1s obvious that the beginmng of ice form:
1 fr
ot oo low and (b) the water tempe rature 18 not high durs ’

{ water  In ordor

o (13.1 if Ywo conditions are falfilied () the Aow velocity 18

sture of the underg

riod compared with the tempe
use (14.1), & third condition must be fuifilied (ch= it mast b

it ‘ +
vage the air temperaturs over the calenation peri i witl

possihie 1)

errors being introduced.  The fulfiiment of the last et ndinn
necessary for the use of formulas (10.1y and (121

Cheek calculations showed that the aceuracy of raleulations shen usinig
(B0, (11 D and (13.1) i & 907 of the cast s the calvulation
error docs not exceed @
exceed ¢« 2 days (he aceuracy of caleulation by 1101, (12 1 and (1417 18

most the game |
day and in 687 of ¢

ereor does not

Case the

st the same,  On the other hand, the accuracy of caley!nt 15 by
hat obtained xith the first

using the latter inequalities 18 much lower than
three expressions (the probabihity that the errors will notexecod £ | and

+ 2 davs 15 82 and 917 respectively) Howover, this aCcuracy 1s sufficient
to use the caleulation in short-ran forecasting of jcv appearancy
Equations (101, (12.1) and (14 1), 1 which the air ter
tion period, 1

re s

to conside rable

Vg

averaged over the vhole calcu
atr tempe rat

s at the beginning and end of the calc ulation
ri

errors when t

y ture at

v differ, ticulariy with positive air Wemg

perod consider

the beginmng of the period,
fiow velocity at the hvdrometrie gaging site higher than
{ according tc

Thus, ata mean
carried out using (14,1 ¢

N 3m/sec ca alions miay

venther forecast, there will be no considerable differences betw Ay
peratures at the be 1 end of the period of calcalation

important that the te rature 18 not positive at the beginming of tha

e wi).  If, on the other har the weather forecast foresces o conside rabl

.I‘. rence between the air temperatures at the beginmng d vno of the

1lation period (partc mperature 18 predicted for

riy if a positive
ended to ure cquation (131

ci

the beginning of the period), it s recom:

i

As was indicated above, for rivers with a very low flow velocity it s

to use (11.1) or (12.1), 1. ¢., without any averaging or with

advis

caleulation period, taking into

e over

weraging of the air temper:

period

account its vartation during the caleula
When the air temps ure above the river 18 relatively high duri

considerable part of the calculation period (us fally wt beginming!, formula

8 1) or (10.1) may be used, Such cases are most LKy vhen the caleulation

a lapge river - more than 5 to G days)

per:
In caleulations for small rivers we may use the simpler formu (14 1)
The date for which the checking of the probapility of o vecurrence

1s made 18 chosen S0 48 N

the amount of succe calculations

ained, I the first calcuab hoows the

made until a positive resull

2 : f the
probability of fir 8t o« cuprrer e at the 8y Ky

2 day

beginming of ice formation in the precoedan
btained Gee formation impaessibie

ating the tme of appearance of Hloating o at o

mstead of cal
ipprarance {the pla of first

place, we have 1o deter
e formation) ae use, anstead of (12100 the K AT NI SR

B At +he
x

s the place

) b e, (12
y=— (= + Ll X . - - . 1
Tl s &
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and instead of (14.1)

B, d+q
__u_;__T_

(14a.1)
W-v-Lre

'.-—'!—':'—'.

In these formulas, ly 1s the distance from the initial cross section |of the
we-fr river| to the cross section where jce formation begins, ¢ is the
average flow velocity along river streteh Iy The rest of the notations are
as before.  Calculation 18 carried out by successive approximation,

§ 2. Determination of the parameters necessary to calculate
the beginning of ice formation

a) The initial water tempe rature (O is taken from one of the
upstream gaging sites  This temperature is taken for a date, which
precedes by time (af), equal to the time of flow from the inital to
the calculation gaging site, the date for which the possibility of ice
appearance at the given gaging site has been calculated, We will use the
term caleulation gaging site for the gaghg site for which the ice
appearance 1s caleculated d

If the particular river stretch has tributaries whose water discharge in
the initial cross section is not less than 20 to 30% of the total
discharge in the initial cross sections, Oy is determined as the weighted
average (with respect to the discharges) of the water temperatures in the
initial cross section of the main river and in the tributary cross scctions
which correspond with respect to the flow time

b) The time of flow* (%) from the initial to the calculation gaging
Site can be determined as follows. As a rule, from a series of years the
corresponding water stage at the initial and calculation gaging sites are
chosen and for each pair of stages the time of flow (in days) is found
Selection 18 made from the water stages in the summer-autumn period. The
values thus obtained do not usually give a clear correlation with the water
stages. Therefore, for each stage chosen, the average of the mean flow
velocities, v, at the hydrometric gaging sites situated on the stretch is
found as a function of the water stage, H, from the graphs relating the
mean flow velocity to the water level, drawn separately for each hydro-

metric gaging site. Then, from ail e thus found values of the time of flow,

T, and of the flow velocity, v, the mean values Tc and © are determined
From the graph o=f(H) the mean flow velocity in the given calculation
period (U) is determined. The time of flow for the given calculation is
determined by

n-_%ﬂ (15.1)
c) Average depth. Cartographic data for rivers with depth data,
sufficient for determining the average depth on the Stretch, are not always

available. In addition, the determination of the average depth of a river
stretch hundreds of kilometers long using cartographic data, where data

® [Also =nown aq tine of concentration, lag time of tume of wavel. |

_’,-..-

A

i 8

f depth measurements are represents d in the form of isobaths, is most
of dey s

laborious : b

* de i ver during & given calcr

The average depth of a river ¢ i : :

the time of flow ¥ [rom the imtial (infiow) to the caleulation gaging “"ﬁl

can be determined from the following formula without using data of depth

measurements on the streteh:
l—!rg (6.1

shere 6 is the mean water discharge on the stretch during the « a.u;:l:':‘l'u
period, F is the water surfa area on the stretech from lh“‘lﬂlhﬂl 1
calculation gaging site (including the area of the river .xrfw.- kel

The value of can be determined as the arithmetic mean o | " ,‘;:a,
discharge Qg during the first days after the start hl- f:nw rr«g.v :‘.lll”l”: ool
gaging site on the first segment and of the water dis : v rge o
last days of flow on the segment nearest to the caleulation 'S!-'i!l I ‘-‘s

If (\l:l the river streteh between the initial and the r-..lunl..lu;n ©re Lo
section there are large tributaries, taken 1r|lr,|.:|l'rr\u!.|l n ll\l: :1"'..:“: ...‘.‘I..f
of O (see (a)), then the discharge @i should also include the \s: :.a':d.nz
tributaries at a distance from the calculation cr(:ss M't"hnn ?n", sp - "h"
to a time of flow Y., and the value of F should also include the ’;Il'l’;s e
water surface of the tributaries on a stretch corresponding to the time

¢ aleulation cross section
“0‘;'::’ :'\':-hr: r:h:s» water surface area varivs rnr.sui--r.m.v‘v{’:xr-‘:‘!. “"."! Ly
period under consideration, due 1o variations n the water leve .’,‘ l € :I:.l
of F should be determined from the graph F-"’ﬂ, This gr;; '< .'urn" .
obtained by determining the values of F for several heights of th

tion period af (dering

WE; The air temperature during cach day 18 taken from uhe:--r\ a-
tions at the meteorological station nearest to the given nver et;"‘h .‘
during the given day, f necessary, 1tis determined by interpolation
between the temperatures at neighboring stations e S

It may happen that the stretches of the largest tributaries l.-i- I'II‘I
aceount in the calculation (see (a) and (c)) are located so far fre m' fe
corresponding stretches of the main river, in terms of ?!u- hrnr;..” |,l.,, 4““;“.
the air temperature in the region of the tributary dllll'r:-"r‘-m:-\ ‘- .: .[I||4.- :
the air temperature in the region of the main river  In }.11:3 (-.l.,‘:'n! H
teruperature during the corresponding days 18 ta nas t ¢ r.“v,.‘!”,-‘r “‘,,.,-,-‘..-
(with respect to the surface area) of meteorological -l.n.u_ ~ :nlx ':‘ ..-.,-l. . 3
the stretches under consideration of the main river and of the l'r\. i .

¢) Specific heat exchange, d, at an ai r. lrfm;f:: a 'n':i g
equal to the temperature of the water V:ur :n‘, ; s
coefficient, R, of heat exchange The values of an E

s d=Q+1L +LE at
o WE—£) + P+ (1 —11) -
k= [ = .

it absorbed by the w r. LE 15 the

where @ is the flux of solar radiant d o bk
evaporative heat current from the water surface, LE 15 the same at o

AL . s the Crenee
air temperatare cqual to the water surface temperature, 1 s diffe ren
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t an be calculated from
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ABLE 7. Appronimate salues of the sprcilic heat exchangc @y of the water with the water- flow depth, i hag Jcal (42,700 gem/ca
Buody Bed (cal/em” - day)® equivalent of heat, cqual to 0 427 kgm/cal (42,7 i
Average depth of the Average dopth of the
Lat watet body, m Lat watet body, o u-r ¢ day - Gegree wele g
Moath | oy Month | et - ; ”
5| w | 5 | » s | w | 8 | » - &0 F i
/ -
-5 F
Vil L dEAEIEEASHR] | s 25 2111, / / o
50 | —2|-21(—19]|-16 50 o 2 19 |16 - MO0 -
60 | —25 | —22| —19 |17 60 | 23 18|15 / 4%
0 | <21 | —24 [ =21 |18 70 21 19 16 | 4 - 000 // /
i
vill| 4 [ —10) —9| —8| 7] X1 4w 3 n % |2 - —- /
0 | —9| —8| -7 S (27 (24 |2 |18 //'/,/,
60 ~8 7| 6|5 60 4 2 19 |16 AL
70 —8| 7| —6|-5 0 20 18 6 |13
-
1x “«“° 7 6 5 S| X 0| 28 2119
30 9 8 71° 6 50 21 19 16| 14
‘ 6 n 10 7 60 4 12 n
n R} 12 o 9 ™ 9 ] 6
® According to A, P. Braslavsky |
'
. L4 e
Values of ¥ for a number of rivers of the ETS were found to vary
approvimately from 3 o 7em/day
It of course, useful to corre €1, as much as possible, these values by
+« referring 1o the particular river streteh for which the tume of ics
Farance 18 calculated.  For mountain and foothill rivers with particuls
undwater-fMow conditions the a Ove-given values, obtained for lowland
Vers, ot of course be recommended
In principle, in calculating the tume of the & inning of ice formation on
rivers.of other regions it is necessary initia Y o investgate the values of
q: tor these regions. [t should, however, be borne in mind that, for
X ple, for the rivers of East Siberia some overestimation or under i - ctermnation of LE#P (1w 4 f beat |
“stmation of the values of ¢, should not usually cause an additional error sesulting fiom cvapelalion snd tiest cxckangr with the 4 1 4 watetesutl
N determaning the beginning of 1ce formation The point is that the above ks o
“ ahich are probable under these conditions are smal compared g
witht ' f the heat transfer through the open (free) surface, which = i the heat
. ers the magnitude of
't observed here in the period directly preceding the beginning of ice For the usual conditions of Towland rivers the mag
! RETEY 18 Lig® s
format inflow due to the diss.pation of the cam flow energ: £ y )
However, in rivers with a | tv, arge deg
and slopes, @, 15 considerable \ - i ’
. ” v by ' obtamed for 1he Lower Violga and Livers (W When calculating the mean vai tq t il " ;
i Upper Volgs a Ra ivern Lon methods of detesmining the calculation period it (8 necessary 10 nsert n (26 D the mean values of o
. Vaiivne va Lnachals ledomava na iehakh, ozerakh i vodokhiarn A, § over the fiow path during the cale period
wance of Begmming of Frecawg on Biven, Lakey and water Resetvoim Chapter 11, § 6 .
s




vent exchange P and effective radiation |/,

of ¢ ilation of @, pposy B=100em/ sec

FThe specifi heat tr:

rmined as the sum of the

B,=LE+4+P+I.

vater-surface temperature Oy is taken in this case equal to

ot

au‘.‘\-hukw\.-gs

258"

3! B rapl for detcamining the effective radiation ." 101 & water-yurfy

ws of LE, P, I, can be detery

itvd hy tormulas (20010, (22.1) and (24 |

Wt ipprarance of fluating ice on rivers
nple 1 Letus caleulate the date of first 1ce

b § oot Sarapal an 1946 (before the cre
r na River)
1l formula (11 1

u" _
; [8,(et—a_ ¢ u—.on-.”+

H ( * ‘+-'I(ﬂ':a“"’)(| < _'E:A'

an" na, ,4.

Has

i=0_00004 have been dete raine d. Substituting these valuyes

wvhere
tak
b B PR
As the intial gaging site we take the tation Situated 4
cam from Sarapul (Figure 6) The ume of L

ive : wges, 1t
to Sarapul is determined from the respective water stages, |

4.5 days (see §

W ares ' Case E
Sarapul, 1. e, by 12.5 | ¥
the Ramia River s the Siva River with a gl Hment are f
This 1s only 2 67 ¢ catchme AP at Sarap indgd 237 of
‘ 1 the Ca v
Tut Wi o the actoa «ta 1 .
Ve agr ature dues t 1 e
vehmigu
- v mian tlow v oan al ' e a siagle hyde




{from aster ma to he equal
The area F of the niver surlace 18 found (from a master map

10 3067 10°m*
From (16.1)

The air temperature dropped to negative values in the second ten-day
period of October in 1946 At the meteorological stations situated along the
river from Perm' to Sarapul the mean-diurnal air temperature had the M 1095 - 4 8 . 86 400 —148 m
following values (Table 8). =% 1 '

Sarapul s

time of flow from Perm’
I'he air temperature during the time of flow

s (see
to the data of one of the

TABLE 8. Mean-diurnal air temperature, October 1946, meteornlogical stat

taken according . river We round off the

gton s n acenrdance ‘vith its location along the sdirliig "

Dask r“ll:; 'la:u‘l'jn‘“—:, d 3 We take @y=-2 O (Parm’), 83=~1.8% {Ohanak),

Mete gical itation ik el . > {Sarapul
n|lao|l vl w|ls|w|ow|lw|s|= By=0.7" (Osa), Bgm-473 | %), Gy=-4.1 ;'.'-‘
I'he average of these temperatures is -2 <. Flow il SHFHAELE 1
r e on the flow path 3

Pem' . —1.210.2/ 32 |—0.7-2.0{—1.8/0.4—52( 52| 1.5 Lad us-detérmine tye mesn ing 00T S0 T
Okhantk . - 4 - . —1.0] 0.2 3.4 [-0.4 —16—0.11-52 4.8 —9.4 19 October, tuking the velocity GuTIng 48 15 2 o eqis
B8 i 0.0 0636 |-06—13—16 07347123 ‘metenrological station as the temperature; we find it equ
Sotsdl: o 7 23 10033081 816 0.4 3441|485 O care 1 we find that the Kama River for the

carresponds 1o region 11 From 1
for 15 to 19 October in region 1i at

erm')
ity during the

We begin with the calculation of the probability of ice appearance at
Sarapul on 19 October. The mean flow ve ocity (v) for the above-indicated
gaging sites in the period of 1946 ugder cr isideration is 0.49m/sec. By
(15.1) we find for the time of flow ¥

LN S ‘.5-3%‘-—..! days.

During the time of flow, the discharge increased from 8380 m¥/sec on
14 October at Perm' to 1200m”/sec on 19 October at Sarapul. The increase
in the discharge amounted to 21%. However, as can be judged from the
nature of the growth of the catchyment area, the increase in the discharge is
not uniform. In this case, we calculate for the initial water temperature,
water discharges and morphometric data only for the Kama River
Since the water temperature is measured only at 8 and 20 hours, in the
calculation by the usual mean-diurnal air temperatures @ can be taken
either from the evening observations on the day before the first days of the
calculation or from the morning observations on the first days of the
calculation. For higher accuracy, the mean air temperatures, calculated 2 AN 100402 ;) se
for 24-nour intervals from the hour of the water-temperature measurement TE T oW
may be r- culated But in calculating a forecast such an accuracy is not
nece .sary. For this vad te 4
We begin the calculation by checking the probability of floating ice a=2250 cu T gr . . 4 ‘ ot s b
appearing at Sarapul on the evening ¢of 19 October. The specific river heat inflok g o "8 : o Fa aper Lmtof §
In accordance with the time of flow, we take 03 from the measurement ndicated values, €3 ; s - e 5 - sl Siretoh and
at 20 hours on 14 October at Perm' equal to 2 4°*: of the 1 x =
By (16.1)

a i
we determine the average depth K on the river stretch under consideration, _ P v SaTay T

We find the water discharge % in this case as the average between the i e 1 ‘ oW ornr #
discharge at Sarapul (Yaromaska) on the assumed day of floating-ice . " i T o
apprarance at Sarapul and of the discharge at Perm' (Lower Kur'ya), taken L T e dewee
in accordance with the time of flow for 5 days earlier =

Q= —T—M 120 o 1095 m?/sec




lue aof By
 LE

dete

turbu

rmined by taking the sum of the heat transfer from
xchange P and effective radiation I, using
iphs of Figures 4 and 5 For the values O - 28", wmSm/sec

N.—| abpserved at 19 hours on 19 October at Sarapul we obtain LE4Pe

ent heat

1

*=112cullem” day [ m-93callfecm® day and By=-205cal/em?. day

Mius, we obtained the following values for the de termination of the
probability of floating ice appearing at Sa apul at 19 hours on 19 October
Po=2 4" A=) 4um, By=-2.0, Bym -1 67, Oy=0 7 Bym-q 37, Oy -4 |,

a=
tuy

“ day de . R=m30calfem? day degree, d=49calfem?
g@=TNcallem® day, Ba=-205cal/fem? day, an=1263 callem? day

bt
n=35 frounded off number of days of flow)
Further we determine the value of ag

B = rak a | - 2250 - 40 =0.266
O Ta b k) hep (25D +40) - 148-1 o
From the wble of e (Appendix 1) we find the values of e, %,
s, ., &, andcaleulate thetr differences, which appear in formula
frn Ihe caleulation results are given in Table 9
- .
ot D R ~(a=t)e, _
Y R BRRCSTUY PRSI (vl B ‘_'.?-u-nm.)
1 15 X 0 346 0.264 0 082 -2.0 —0.164
2 16 X 0.450 0.3g 0 104 -1.6 —0.166
3 17 X 0.587 0.4 0.137 07 0.0%
4 18X 0.766 0.587 0179 -4.3 -0.770
5 [19X 1.000 0.766 024 4.1 -—0.9%9
_—
¥ =—1.963
=1

umerical values in formula (11.1),
left-hand side, the water

we obtain
temperature averaged over the cross

2.4-0.264 — 1.963+(‘—.: 4 %ﬁ#)(l —0.264) =

=0.634—1.963 4 2.212=0.88=0.9°,

right-hand side, the water temperature, averaged over the cross
ton, at which ce formation on the surface 18 probable

— 205
— g =0.16=0.2"

Ihe left-hand side of (11 1) is larger than the right-hand side

Consvquentiy, ice formation cannot begin at 19 hours on 19 October

We make a stmilar caley —
Ba o =T nnase  tnthis case, i
. R Tob
1 01 as large } t right 1 [ e
0 ( . formation |
l.et us e . tk p y : *
4 Y } ag
The water tempera g
Wo take Op=1.9°  The average sater discharg Q=
L ' i
of flow 1s 4 diry ,._ .
temperaturs Tabls ﬂ; : s
u.._@.,-;f s The
ures |s =13 . '
thi culation peri ; d}
W cal/em® dav (se 3 ‘
Forp=] 02m/scc a 1 for a
2120 ¢cul/em* da § d
L N o AL
G= H ik  (AD+3) 1491
1 he exponential funetions and their differ \ t
4 Tabhie 10
e—in-iras _ g le—tntla
o o] emtemiia | tasieda ] L aietia | Y| Cemta-tania)
X 0 082 ~18 -0 148
; :§ : gtnl‘l’: 0418 0102 0l 0 [no
3 x| o6 0 520 0127 a3l “osis
4 19 X 0 S04 0 647 0157 47 —0 37
S X X 1.000 0 804 0.19% 85 —1 665
By e 10 £ B0
Ve r it th : ation wriced
r Tt ai i the duta of 1l ot
at § 20 Ot r during "
i t4 te cloudiness
d 0 in f Figures 4 | LE+P=
] =-1520ca 1 Bow 2431} i v=0 3
W= goalm wouthor ar v £
for the wind ¢ b waler 8§ ! ' '
of 0.5 s h . 198 1
a == (17457 + 106w)cp
which ¥ Y- ¥ fn '




Substituting the numerical values in formula (11.1I), we obtain:
on the left-hand side

19-0.3%6 — 3105 + (35 + TLIP- )1 — 0.396) =

=0.639 — 3.105 + 2.400 = — 0.05°,
on the right-hand side

- SR =031"203".

The left-hand side of the inequality is smaller than the right-hand side,
i.e., the water temperature on 20 October is lower than that at which, under
the given conditions, the beginning of ice formation on the surface 1s probable

Consequently, floatiag ice should appear on the Kama River at Sarapul
on 20 October (the appearance of floating ice at Sarapul in 1946 was
recorded on the 20 October),

Favorable conditions for the beginning of ice formation also existed on
the morning of 20 October, when the air temperature dropped considerably
{=13.2° at 7 hours), the total cloudiness decreased to point 1 and calm
weather was observed.  Calculation by inequality (11.1), using the mean air
temperatures during 24-hour intervals beginning from 7 hours on
15 October, shows that a beginning of ice formation at 7 hours of 20 October
was probable,

Example 2. Letus calculate the time of the beginning of ice formation
on the Kama River at Sarapul in 1945 by (12.1)

L S L

2
Y= Crnaeg

where

Use is made 1n this calculation not of the daily air temperatures, but of
the mean temperature @ during the calculation period

Suppose that for the given calculation period we know only the
mean air temperatures

To determine the values of d R a @ we take the mean wind velocity
for the given region in the period preceding the beginning of ice formation,

From Figure 2 the mean wind velocity for the region under consideration
15 5m/se

diurnal -

Let us caleulate the probability of the beginning of ice formation on
19 October

The initial gaging station is taken, as in the previous example, at Perm'.
We use the values determined in Example 1: =4 8 days (rounded off to
5 days), Am148cm, v=1 02m/scc, ®o=2 4" J=-2.3°, g=70cal/cm® day
From Table 1 with given mean wind velocity we find d = 47 cal/em? day. From
Fable 3 we find for & corresponding to a wind velocity of 5m/sec and an
e temperature of -2.3°, a value of 43 cal/em? day - degree

For the heat-transfer coefficients @ we find, with ve 1,02 m/sec and
w=50m/sec, hy (25 1)

a=(17457 4 106w)cp

@ value of 2310cal/em? day degree

We also find

te 120108 _ o 0ee
= GTmhy ~ (BI0OTW) 481

nag=5-0.286 =143, ¢ **=0239.

With a flow velocity at Sarapul at the time under consideration equal to .
0.42m/sec and a wmd' velocity w=5 0m/sec, (251 gives aa=1260cal/cm®.
day - degree , ’

The value of Ba is determined by means of the . 'l"m‘r‘!(rull? s g
Figures 4 and 5 The air temperature 8 at Sarapil on 18 October 'w,- L
{Table 3). We take w=5m/sec (rated valuel Ng=9 (rated valus \" 20
obtain: LE4P=-148calfem® day, fe=-50cal/cm® day, By=-14%-
= -198cal/em? day - .

Substituting the values obtained in formula 12 1), we hav

on the left-hand side 1

24-0.26+(— 23+ 7+ PEET) 0 — 026 =107 ,

|
on the right-hand side
1% =0.16"=02".

Thus, condition (12 1) is not satisfied, and 1wce |
on 19 October  (There was indeed no I'ln.iu:xg ice &
ot us repe he calculation for 20 Octoher ) .
l}-ir:\:rt;wp;r:-l.;;urr'nn-u! at 20 hours on 15 Ok va!u rat Perm '\‘-'- '.«’:s--. -
Q=1 0° For the mean air temperature on the flow path du ‘u:z'. I- ) | ; ,m
16 to 20 October (Ta 8) we obtaun -3 9% 1} !'r:n1 Table 1 iu :;‘l h : T
value for the calculation period of dm47cal/cm® day and from 1:; :ﬂ- -
k=32cal/cm? day degree  As in the previous cale hnn: v!l =27 I‘ calfc
day degree, @ =1260cal/cm’ doy degree, R=14%cm  We obtain

s from

mation should not begin
Sarapul on 19 Octaber)

8 277 5 27T R N, = () 2
————=0277; nag=5 0 277=1 38, &
a"(;+t)hr| e
For these values we have
on the left-hand side of {12.])

1260 4 42) - 70
190252+ (- 39+ -7 + CPE T 0 — ez -

=—031"~—-03"

The air temperature on 20 October at Sarapul was -8 f n?.- -.\;.im& S
velocity and the total cloudiness 1s taken vqual to their rated "‘"“_‘ S “.“.
p--|-|-1\|;|[ the beginning of ice formation (Sm/sec and pe int 9 H'lﬂ;‘; s¢ .-'m, ii

From Figures 4 and 5 we find LE{:P&--_ 2callc d.._vi , = : I\ .‘.
Jem? day, B,=-272-90=-362cal/cm” day On the rnight-hand side we

obtain — %2

than the left

The right-hand side of the inequality is larger an this o
hand side, condition (12 1) 18 t saus ‘l. onsequently it
should begin on 20 October (floating ice actually appeared on the Kamd
at Sarapul in 1946 precisely on 20 October)

ice formation

Rl




Phe negative sign of the result of the left-hand side of the inequality The loft er than the right-tand side Consoguer ce
indicate, as in the other examples, supercooling of the water [t formatior 19 roursion 10 Scisbay G > §
that by the time for which the caleulation is made some ice has Let us re ci slation of e probam ity of T g
Caddy formed formation on 20 October
Fxiumple 3 Letus caleulate the time of the beginning of ice formation A5 in Example ) (see above), from the mea 4
the Kama at Sarpul in 1946 by (13.1) 15 October at Perm’ we take Og=1 9, 1 by &2
the time of flow 4 8 days, the a i » a
. ; 5 HE% = s
- * (Okhansk), By=-4.3 ( il . 2
—na , © L T P T Oy =017 (¢ ’ 4 YOt
&.c + ) ['l(e —e )] + I'he n air tempera ' I \
i=l 5 . ; v Ox v
d+q B8 obtain equal 10 -3 L $lepet  ifle
+__.._ (| _e-"ﬁ)( -, 3 2m/see, and d=50caljem’
vhere - d (lable 3 U S VO
as in Example 1, the ohleibai = ;
. v yOx 3
First we calculate whether the beginning of ice formation in the evening .
f 19 October is probable
1o
nitia * caleuiation of the time of floating ice appearance ' e
the sumie as in Example 10 Og=2.4°, 8, 200, Bypmai 6, By=mn 7,
O5=-41 k=30cal/em® dag degree, A=1.48m d-w_-ﬂmx: -
g="0cal/em” day, Ba=-203cal/cm?® day, @u=1263cal/em? day
i a=5 (rounded-off number of flow days), aa =5:_‘_ =f'ii;(‘_o] =0.270 T e-ta-t1e - & 8, (etn-tm
4 i ; nte | g=(a-)ay | g—ta=1411a ctn-tetim | Y| - emta=tein)
Eron able of e* (Appendix 1) we find the values of e el daysd | e
e, and calc e the quantities in formula (13.1) The calculation
esults are wen ir le
I} re given in 11 4 6 X 0412 030 0.0%2 18 -gl’f;
2 |17 X| o5 0 412 0.102 v e
. 3 x| oea 0.514 0.1 <3 o7
s [19X] os0 0.641 0.160 e 1,650
. s |20x| 10w 0 8ol L e
S—
’ [ ) ) P o b, (o= (n-Day _ o [
i | e=19=11% "“"‘"""! e | % e 141)ay) .‘\'1 ERg
1 15 X 0,340 0 259 0 081 =20 -0 162 31 b
2 [ 16X| 0415 0 310 0 105 —~1.6| —0 168 ng 1l crica oA L w
3 :: * 0‘?1 0 445 0.138 0.7 0 095 Shatd stde
4 0.763 0.58) 0.150 -43 -0 775 7
5 [19x| 1o 0 763 027 |[—s1| Zoem 19.0.330 — 3.147 4+ 257 (1 - 0.330) = 0.627 —
el g
= 1.8 — 3.147 + 2.440 = — 0.08° = — 0.1°,
5

on the right-hand side
— W2 ° —()5°
—— 0.46° =0.5°

2.4-0259 - 1984 2270 () _0250) = 0.84° <0 80, ¢ e v

an 20 Octohe r
on the right-hand side + was recorded ' i Ty

— 205 o
— e =0.16°=02°,



Example 4 Let us calculate the time of the beginning of ice formation
on the Kama River at Sarapul in 1946 using (14.1)1
- r d+ - 8
he ™+ (T+ L) (1 - ™)< - 22,
whe re
.l - Aey »
We calculate for 19 October
As in Example 2, we assume that for the given pericd we only know the
diurnal-mean air temperatures
The data for calculations are: (see Example 2): t=4 B days (rounded
off to 5 days), A=148cm, Og=2 4; Q-2 3°: demd7cal/cm’ day (for a
normal wind velocity of 5m/sec); R, corresponding to a wind velocity of
5m/sec and an air temperature of -2 3°, is 43cal/em? day - degree; =
=70cal/em?® day
For a flow velocity at Sarapu! at the time under consideration equal to
0.42 m/sec and a wind velocity equa) to 5.0 m/sec, we obtain
aa=1260cal/om? day - degree
For B, (see Exumple 2) we obtain from Figures 4 and 5 -198 cal/cm?
day, and for L
m . 1.4
o= i = .7 0390,
na,=35-0290=145 ¢ " =¢""%=0235.

Substituting the numerical values obtained in (14.1), we have
on the left-hand side

240235+ (- 23+ i:;_""-)u — 0.235) = 0.89° = 0.9°,
on the right-hand side
— 198 ~0 9
_W=0'I6~0'2 .
Thus, condition (14.1) 18 not satislied and ice formation should not begin
on 19 October  Floating ice actually was not observed at Sarapui on
19 October
Let us repeat the calculation for 20 October
The data for the calculation (see Example 2)
From the measurement at 20 hours on 15 October at Perm' we take
O=1 9° The mean air temperature along the flow path during 16 to
20 October 1s -3 9* From Table | we find a mean value (for the calculation
period)of d=47 cal/em® day, and from Table 3 we obtain k=42 cal/em’
day - degree.  As for the previous calculation @.=1260cal/cm? day
degree, and A=149cem  We find

1-42
%=1 = Ta-T — 0282,

na;=5.0282=141, ¢ ™ m=me """ =0244.

With these values we will obtain on the left-hand side of (14.1)
19-0244+ (- 394+ 5701 — 0.244) =

=0.464 —0.847 = — 0.38° = — 0.4°.

4

Sarapul equal to -8.5°, a wind velocity
Ng=0 points, we obtain from Figures 4
Jo=m-90cal/cm’- day, B,=-272-90=~

On the right-hand side of (14.1) we

Ba —%2 _q0g% 20.3".
- -—T 029°=0.3°

squality is larger than the left-
the right-hand side of the inequalily 18 larger ...
Consequently, ice lormatt
yn the Kama River at

In this case,
hand side; condition (14.1) is satisfied A
begin on 20 October (actually floating 1ce appeart d ¢
Sarapul in 1946 on 20 October)

Example 5 Letusc
on the Donupstream of Khovanskiiin

a.e—..,_*_.z ‘.‘(‘—II—HQ._e-lll—lt}lll.)l +

R

on should

late the time of the beginning of tce formation
1948 using (1 D

where
ik
%= TFnhp

on, situated 358 km

. »avlovek stati
| gaging site we take the Pavlov .
e The n n time of flow 1, from

corresponding water stages

As the initl i
upstream from Khovanskii (Figure 7
Pavlovsk to Khovanskii we find (from the

to 6 7 days (see § 2, b)

equa

Novokhope ik

Kazamkaya
-

Tikhayd

Khovandi

$. The Don River with tributaries oo the Pavievsk K hovanik

FIGU




brom the graphs of o=J(H) e the mean flow veloeities @ at From (15.1h -
U r ric statons of Puviow wnskava and Kl wanski, which eI
o o cach water stage used for the dete rmination of T, The
) v of @ i8 then: p=0 23 m/see 1 e i flow B cqual to 7§ dey —
hient a Increases from 84,000 km? ar Paviovsk to 169,000 km? 4 ,""'I i ¢ e ity 1n TiRag (i .')
) R, e, by 1017 The largest tributary on the Pon steeteh g BB TR : "
ration 18 Khoper River with a catchment area of IR ;_ 1. 7.5 day ra
i 0N ke This amo T 36 5% of the catchment arca at Khovanskii and e, Fe. A8 : B « taken as 7.4 duy the THE o
t » i the total incevase in the eatchment are a Fhe water discharg: brained (7.3 and 1.5 days) N .
f the Ko, i from the mouth corresponding to the ti N 1 s Th : the
ff 1 wsk to Khoper mouth amounted, in th i o at Pu ¥ on 18 Now s Ak
o g 1 about 207 of the 1otal discharge in the initial o Ly s 00 Y se ¥ 4 By H A
v : Nt vas 077, the wvater d s
on between the water disc harges of the nuan river and ". A wed avera ol of ¥ g ey P
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ket ' the hamliet of Dundukg PSSt 1 sty the Ly
L ¢ The t t { n of
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19 Nove

ver (meteorological stations Puavlovsk and No vokhopersk

06* - 876 + (—02") - 500
= 376 + 500 . =0,

20 November (Paviovsk and Uryupinskava

2T 183, .,
B (- it

21 November (Pavlovsk and | ryupinskaya,
18°- 6883 4+ 14" - 30

i - .7%,

November (Kazanskaya and Uryupinskaya)

., 26°-8234+21°- 48

i '

nber @g=3 4° (Kazanskaya |,

niber 8g=0 B (Serafimovich)
ber @y=-2 6° (Serafimnvich
The average of these tempe

22

=24,

ture.
Let us determine the mean wind v ocity along the water flow p:
19 1o 25 November; it is found to be 59 m/sec
The Don River, from Paviovsk to Khovanskit, and the K
situated in region II1 (see Figure 1) The mean va
25 November at the latitude 5027 (P

is 1.2

per River are
1e of d for 19 to

vek 49°35' (Khovansk
¢ (cf. Table 1 The corr

indey

normal wind velocity is 13 lem? da

for
the deviation of the wind velocity from the normal value is. accor g to
Table 2, -=3callem?® day Thusy we take the working value of d as
10calfen
For an air t perature of + 1.2* und a wind velocity of 5 9m/see we find

for the heat-exchange coefficient k. from Table 3, the val
day degrec
The va

* 50callem

* of the heat-transfer coefficient a is determined from (25 ]

a=(1745v + lOSw)rp cal/em?® day degree
The mean flow veleecity v 1s found by dividing the river streteh under
consideration by the time of flow
358 - 1000
V== -Ti"_&%w ==0.56 m/sec
& =(1745-0.56 4 106-5.9)-1 =977 + 625=
== 1602 cal/cn? day degree

I'he syp

fic river-channel heat inflow q s taken equal to 60cal/em® day
For a 1 flow velocity at Khovanskii of 0.24 m/sec, determined fro;
the graph of v=[(H), a wind locity w=9.0m/sec, from observations in
khovanskii at 19 hours on 25 November, we obtain by (25 1)
.= 1373 cal/em? day degree

The value of B,, corp &pe
ratimovich meteorological
w=

n

ding to the following values observed at the
tation at 19 hours on 25 November Qm -4 6%,
.

Isec and No=10, 15 determined from Figures 4 and 5

Se

.. 4 = q P
We obtain: LE4Pm-260calicm’ day, fom-dicaifem® d

B.-LE+P+f --304 calfem?. day

Thus, we have the foilowing data for caic
of floating ice on 25 November 18 pr
Oy=1.7", Bym2 4°, By=3 4", Bg=013 &

k= 50cal/em® day degree R=9Tcm, d=10¢

day, Be=m-304zalfcm® day, @a=1373cal/cm

We find for

Jable Gpgm0 5 Bymn.3

26", awmlin2callc

lating wheth

By

fay

3

anee

ree

allem  dav, @=&0caljem

? dav degree

e I =050
G= G hihy  (B0Z¥50) W1

From Appendix 1 we find the values of €
their differences which appear in (11.1)
are given in Table 14,

. e

, €™ and cu

TABLF 14
- [} "—lll—"‘- e
so.otf emta=tsliay _':_".Z'.'l—". y :‘_'.-“”.ﬂ
layr #
0 020 03 0 006
) o8 sue | om |e3) o
3 ax 0 (%2 0053 17 9.0
4« 2 x) 0.135 0 08 24 n
3 Xi 0 0 145 3 gn
g 24 Xi 0 368 0 28 08 0 1%
7 i}s xi 0 606 0.3%4 re] -
T
X =007
=1
Substituting the numerical values in (11 1), we obtain

on the ieft-hand side, the water tempoerat
(1602 +

ire

10
0.5-0.030+0.m7+(~5- + Serw—

=0.015 4 0.047 + 1.40 =
"

on the right-hand side, the water ter
the surface 18 probable

The left-hand side of the inequality 18 lar
Consequently, ice formation cannot -._'|
wn for 26 Nove

Let us repeat the caleul
The water temperature an |
the water discharge 97 Sm/sec, the wa

3 ¢ the
at 20 hours on 19 November was 0 R, t "

aviovsk at

05 978+08° -2 _
By = Gid+ M2

1.46° =~ 1.5°%,

atyre at which

=022°<0.2".

g

mber

© hours on 19 Nove
p temperature in N

ater discharge

0.56°~06".

"°"“‘)(: —0.030)=

242

Jlate

The results of the calculations

e formation on

or than the right-hand side

t 19 hours on 25 November




Thia i .
the discharge 1o Khovanskii on 26 November was 149 mY/ sec The
average depth on the streteh was )

91824 149
B2 :

74 - 86400
(67T + Ji0) - i =089 m

Let us determine the werghted s

s rage water temperatures (Table 130
2’0 Nowey ar (B - ares abie 13
#0 November (Paviovsk and Novokhopersk meteorological stations)

— 27 - 764 1 4°- 500

1 #76 + W0

=22°,

21 November (Paviovsk and Uryupinskaya)

g — 18°- 1060 +1.4°- 39
LU 1060 + 19

22 November (Paviovsk and Uryupinskaya)

5 — 27°. 883+ 2]1°. 370
5 883 + 370

= |.7°

= o
=2.5°,
23 November (Kazanskaya and Uy yupinskaya

34°-823 41207 446

S 823 + 4%

=32,

28 November @g=-0.7" (Kazanskaya)
25 November Ogm-2.6° (Se
6 November @y m-

shimovich),

4" (Serafimovich)
of these temperatures is -0 3 The average wind

Fhe average va

1

locity is 5. 8m/sec
‘ext, proceeding as in the previolis calculation ve find
and 2, d=10calfem* k=49cal/ct
alfem

For p=0 56 m/sec and w=58m/sec we obtain by (25 T

day and from Ta day degre
a=1592cal/em” day degree
The val of @ 18 taken equal to 60calle
For the ' flow v .
the graph v=f(H) th
25 ERGBER §E 1

ue

day

city at Khovanski on 26 Movenihi r we fi

E 0.25m/sec The wind veloeity at |
aken, on the basis ¢ =

observations at the Serafi 1ch
From (25 [) we obtain, for the

¢ degres
rovich meteorological station we have for

O=-77 No=10, w=0 (we tuke w=005m/scc)
i/em® d

18 e ¥ : =155cal/em”. day
15, we obtained the following data for the calculation of the probabilits
!." ginning of ice formation on the Don River at Khovanskii at 10 D\u:.t‘ :
on 26 November: @g=06°, Q=2 20 B=17" Oy=2 5° Bim3 2° Gm0 ours
=2 s 5 2 4 S 327, Qg=-07°
3,-”' & ,,8,-‘-3.4 _:slsnzr;nh-n.‘ day degree, k=49 calfcm® day degres
=10caifem® day, =H9cm, g=60calfcm? g 2
; ! . i m*. day, B.=m-155cal/em?
Ay = cal/em® day degree . L 155cal/em? day,
For @y we find

__ tak 1-159- 49
Gy = B o
T (et Ay — (15924 49)- 891 — 0-535.

differences (Table 15)

Then we obtain the values of the expont ntial functions and

ABLF 15
—(n=ilty -
No.ol —(A =)0 o e
byeos : pate | g-ta=iiay | e=mmrenim) © g jyia | W} _pmtamihia)
| 0 035
/ 0 040 0 024 0.016 22
} Puxi| oo 0 040 0029 11 0049
3 2! o8 0 069 0 019 23 0.12
4 [axi, 0200 0118 0 082 31 o=
5 Pyxi| 038 0.200 0.143 -0 oo
6 s/xi| 0.5% 0.343 o2 (26| Q.60
7 |®/xi| 1.000 0.586 0.414 —8 4 a7
.‘f':' ==3.73

wmerical values in (11.1), we obtin

Substituting tl
on the left-hand side

10 (1592 +49) - 60\ 1 0024) =
060024 —378 + (57 + w0 70 1)

—0014 —-37334+143=—-229°=-23,

on the right-hand side

—158 ~07
) =0.32°=0.3"

1 t
hand si v f : '
s d tiy ;
her (1 ACt wed '
26 !
other « tt Hnus €19 th 11-hand len
. " . S 1Y 1 e
ity shows that by the ume for which cale 1 T
\t of ice has already formed
§ 4 Phyvsico-stanstical {on piricall retati
13y '-‘ ySc0-statgtica or empirical re i
; FAc ties
relationships between the total heat
ik ; 1 ¢! Y
necessary for the appearance of f s
obtaineid statistically on the bas:s 3
BNt 0r ris or to A Sif 0.
point or riv ; .
of the me e Alr
approximate charact o
Vater o ind river depth, twe 1 "
ate it ; r
h in ti - torritory) affeet the value of To.
(both in tir
adence ol Siiia nf thes ERALIV e AT
¢ B gives the dependence of the
a) Figur Q 1 : .

-« TO.. necessary for the appitdran 4]

temperatu
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vater temperature O and on the average river detph & on the day

=/ 0) -

as 1n the methods described below, the imitial water tem

il

the oo appears

-

stood to be the water temperature when the air temperature takes
n n vevalues, The sum Z0. 18 found from the mean-diurnal values, and
for @ the water temperature & day before the mean-diurnal air temperature

takes on negative values is taken

10,
0
L2 |
) /P/::. 4
20 >
/ /’/_,n k)
% / / f= "2
0 // /'/ ny
// //
s _ﬁ o
o
] 1 ? 3 ] 50
.
8 m of the mean-dinal negative air temperatures ($0_),
cena rance of Moating ice. as a function of the imtial
water rempeature O for vanous average rver depthi A, in m: (the

he basis of dara for the Kama River hefore the

servours).

torage

The graph is based on data referring to the Kama River at Berezmkoy,
054, and Okhansk (hefore the creation of the storage ressrvoirs)

If for a certain river streteh there i1s no physico-statistical (empirical)
isting the appearance of 1ce, and it 18 impossible, for
te byt ahove-described methods, this graph is
al condinons and the conditions of heat exchange
i on the water flow path during the forewarning period of
the forecast should not sharply differ from the respective conditions for
the Kama River in its natural state.  When using the graph, the following
should be borne in mund: (1) the imtial water temperature was taken for the
point for which the calculation of the time of ice appearance is made, (2)
g depth was determined for a streteh 50 to 100km long upstream
i point for which the calculation 1s made,

h) I the average depth of the river stretch (in the period of ice formation)
varies relatively hittle, relationships of the following type are used

FO_=f(d,) (29.1)

fore

alcula

used In this case, the im

WO Lypes are used

=, f (’o'.
= [ (Bg), |

mperatures

(EL),,

(Z8.):

nere (E0 ).y 18 the sum of the mean-diu
. . ao

necessary for the appearance of f ing p :
I e 0 oatl e for a giv
is the mimmum T8 necessary for the appearant f fioating ic “
value of O
ationship (30 1) can be obtaine
stion data the
n from the mean-diurna

rral negative airt

v ce for s given value of O, (Z0-)m

The rel
From long-term obser

on the appearanee o

Th

ailr tonipe ratures a

the date

floating ice are chosen
gical station 1or

rancs

appe

the nearest meteorow 5 el e
ahen the air temperature takes on nd gative values, direct A ,
+, 18 determanes Next we calculat values of
apprarance of floating ice, 15 dete rmined 5 :‘:e l
rature on the day ol iee appearance L. an
0. that include the air temperature on he diny Gl e pp :
e the temperature of the day of o

the values of £0. that do not inciu
o=l
appearance, ?ﬂ-

Il the values of O the auter

.

From the observation data

-6 drops to below zero) are sclected
temperature a day before the air temperature Grops

110 )ues
-

Sum (B0_Y g of the meansdusna

FieL
e, ve the i

necewar
temperature O

for the appearance of fioatng

te of the day of ice appearance 1

1= ZO_ the rermpriat

TO_ ke temperature of the day of ice agpratance i sded
¥ n th ordsaut

Vith the values of O (on the abscissat and of TO. (on the ord o)
N v ; rare O for vach case of ppearanc

mark two points on the grag n Figure 9 a "
- Y T

corresponding 1o the values of I8, and :.B_ o X R {

1




w dependence of (Z0.), on O is drawn in such a way that
a1
beiow it lie the maximum number of points of (Z0_, O) and above it the
]

m number of points of (i‘u_.o.)
1

toanalysis shows that (30.1) should be expressed by a curve
’.‘I‘\lh

In practice, however, it can be taken

g (31.1) differs from the above in that in this case

-
onty the points (Z85 @), t ., the points corresponding to the sums of the
]

*air temperature which ine the temperature of the day of
appe ce of floating iev, are plotted on the graph  Along the lower edge
of the ' points (Figure 10) a straight line is drawn which gives (20 )nin.
€ 1 sum of negative mean-diurnal air temperatures
e

appearance of floating ice for a given value of 8

# £ ? I T 69,
FICUSE 10, Mintmum samy (Z8-)_ of joean-dinrsa

Aif temperatures, necessary

the appearance

of floating ice, vi. the imitial water temnperature By
Vith regard ta 1 o« theoretically it should be cxpressed
) ! vith its om the Op-axis, and the segmoent
fery e Ao S0 ¢lose 10 & straight line that 1t
i " iR o "
't atter of the pognt nothe graph of relationship (31 1) 18 the resul
1 mia ¥ otwo oy ons I} the ¢xcess air temperaty on the day 0
pRearance of AN 1 wnting to & considerable part of X0- (actually
Tid ' floatng P appear on the same day at much hy r
termpe tha b and (2) the difference between the |
\ ing v tudes ing 10 cach degres I negative air
prratyrs It s b obvious that we values of (Z0.),,, determined
o i1 1)y carry I 110 the loilowing two mhitions
1) the excess negutive air temper the day of we appearance hasa
nim value

RS

2) the ratio of the heat transfer to the atr temperature hag maximum
value A
ry ue « - n IF 3 minec
From the relationship (Z0.)y,,=[(8g). the value ol (Z8. ) .\-. dot s
for cach case. From the air-temperature data the date r the neremer
of this value 15 found Then, for cach car b '
determined from the date of increment of (20 )min

of floating ice (in MOSt cases @ varies

fron

apprarance
The average of the number of days thus obtain d, a,

ation, W

ing o lrog

i en determiming the date o appearanct

"‘5‘ 1), the number @, usually | day, 15 added to the date ol increment Bl
) 3 rrapt poInts
" In deriving (31.1) 11 18 rec ommended to mark, on the graph, pmM
3 th neeative air
of (20., §) also fur those cases when, inper wls with negati
: " r B Pimi
te i g 1ce did not appear This makes 1t pussib
the position of the pelstionsiip line N
Furthermore, in order to check the rejrabi v oof ained T
foo-atl . . n whieh float
hip for all the periods with n fve air temper i i :
i : a T <t he ¢ [N
e did not appear, the calcuialion using the rela P i {
- CcaTancs o sami applte
to see if it really does not give the dats of Lcv apprar ¥

for (30.1)
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tecasting of the jee
i

carance date would occur as a result of the
ficstion

cater discharges (or depths, and the character of the variations
perat

derably from the usuul values for
consideration, the date of floating- ice
irance 18 determined, sufficiently accurately, by m

ven streteh in the period unde

8 of relationships
type of (30.1) and (31 ) In such cases they can be used to prepare
it-range forecasts  (Of course, as is gencrally the case with « mpirical
nships, they can also be used {f they are based on long-term

trvation data which reflect the regime on the given river streteh at the

nt tune
Vhen using the relationships Z0.=[(®, h) or T0_= f(8,) it may
fvisable in some cases, to introduce i lation the so-called
temperature for the beginning of (ce formation, By this we
rstand the bighest temperature at which ice formation can begin under
itions (including the given water temperature).  The introduction
critical temperatare into the cal

the calic

Woal

ation of a short-range forecast
prarance can increase the forecasting accuracy for rivers on which
roe at a relatively high water temperature, and for which at the

r i the 1ee formation only wealy frosts are most frequently

ung of ice formation on the

'nted in the form

. M HLE L
.

Oa 1< the ay Erage Cross-sectio *rature at th
e jormation, @s is the coefRcient of heat transfer from the water
r-air interface fort nment, LE’ and 2.’ are,
neat transfer by evaporation d the effective radiation
' equal to the water-surface temperature, R is the
Civnil of heatl exchange (see § 2, ¢)

water tem,

:

¢ same

B (32.1) can be used to analyze the values of 8. ahen a systematic
rade for a short-range forecast of ice appearance. Usuall
v the value of 84 precisely at the moment of ice appearance
rvation dati (it is known only at the standard observation hours)

along with the calculation of B¢, by equation (32.1), this value
wodetermined empirically 1t should be borne in mind that 0,
able, 48 can be seen from (32 1)

=ting lee appearance we should use the values of 0., taken from

wding  Direct deter n of 8, from (32.1) is

8 case [he difficulties are connected mainly with the fact
“preparing a forecast by means of empirical relationships the value

1S unknown

ting the appearance of frazil ice on the Amu-Darya River
yuation 18 used

El=—1j‘—0.02“x—c. (33 1)

i the sum of the mean-diarna

air temperatures during three

* the appearance of frazil ice (during individual days of summation

—W—

180 M posihive), X bs the fistan {r

€ 15 & correction taken from Ta

the air tempevature may
mouth [to thy measuring poin in km,

depending on the date

TARLE 16 Valuesof « in firmoa {30
sovember| December Jar g
e Lo _y|3- l‘ill TREIE ll? 3
o 2| 2f1] o222 0]

R
i ng e equations 10 r
Fguation (33.1) was obtaine d by generalizing the eg
s the Amu-Darya River S—
individual points on . i R
““‘! ¢ exampie, for the meas ing point at Chatly the equa
Cor example, t
il
=—13"—c
nee § € S g 1 aeatt
™ varning period of wce-apprard for 3 ... i
. : + forocast amounts to almust 4=3 . ¥ 3
oE e i i e )’ TS W e

I : N ing period is not always sullicis 1t for 3 :

; sigpe Measures Ay r, forecs
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b 1 menon s given, but the date up to which the
b given phenomenon, i our case the appearance of floating

o prepare such forceasts it is possible 1o use the standard relationships
Z0_=[(0s. h) or Z0.=[(0;) In this case, for a reliable forecast, we should
however assume a slightly lower expected alr tempe rature

Vhen preparing such forecasts for

Arge TIvers it is possible to ase
confidence-limit curves for the water nperature drop during definite time
intervals. Figure 11 gives confidence curves for the ten-day water
temperature drop at several points on the Ob* and Irtysh rivers By means
f these curves it (8 possible to prepare [ asts of different degre of
The date up to which the appearance of floating ice 1s not

conlidence

experted s determined by
D .=o.+.°;“.?.‘ (35.1)
vhore DLois the date up to which, with a given confidence limit, the

apprarance of 1ee is not expected, Dy is the date of preparation of the
forccast, A0 15 the water-temperature drop during a ten-day period with a

ennfider MO Vith 8e<A®, it is not recommended to use (35.1)
i S s, in order to dispense wBh the weather forecast, graphs
W the @ correlations are usdd to forecast the appearance of floating

v the d

of 1ee appearance and the date of the transition of the air
temperature through 0°)
2y for the date of oo appearance and the date of the water tempe
drop to & definite value;
i for the date of the appearance, the date of transition of air rempers-
ture through 07, and the date showing water temperature a day before
However, such relationships do not guarantee sufficient reliability of
<t This 1s due to the fact that they do not take into account

ature

possit 15an the temperature above and below 00 (after a @iy

tra 0 1o negative values), as well as the value of the
negative perature after the transition through 00, Such relationships are
therefor ularly unreliable in regions or in periods with an irregular
COurSe tempe rature

$5 wecasting the intensafication and stoppage of

flouting 1ce accumulates, ice fields (floes) are formed and 1ce drifting
ntensifie lee-drift de
15 usually grven an three gradations: shght ice drift (floating ice covers
ves than 1/4 of the water surface of the river), medium ice drift (ice

1sity, 1 e, extent of ice cover on the given riv

covers from 1/4 1o 1/2 of the water surface) and almost complete ice drift
tice covers maore than 1/2 of the water surface)
Phee jee-deift density at a g

1 pgagiing site depends ons (a) the tetal
heat-transfer during the time from the appearance of floating ice until its
irrival at the given gagning site; (b) the flow velocity of the river stream

48

and its distribution over the Corresponuing river

teh fe) the | A

. 1 T e e
velocity and river width between the ice dges on the stretch of the given

ging site

130.) 0
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* ]
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GUEr SEp e -w*lIC_)- of 1t

e eative Al temperatures (from 1he appearar 1 ieating
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the Cunent velk
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APy

dium an mplete ee d fl

a given cross section on the day of o of Tloaring I y ’
(E0.)imin of the mean-diurnal wir e & ineuds the temper ‘x- t
the day of floatng-ice appearance amnd the i ware of the day the
'-‘-‘.-1:‘-‘.;:‘-( S fiumm and nplets iy, respect .

These graphs are bascd data Of obseryatiog 1the Yoo ' .
mouth of the Kama s .

The principle o a .“
similar to that in t casy of relationstog 4

Of the factors indicated as those on 1 i :
given gaging site of the piver de s vt Ir X Wt
transfer and the flow velocity an the stret
ot at trapsfer 18 characterized by the " 1 flow
verloeity, by the mmivdin ve i W 1] | O TR PO T UE 1ot
apprarance  This simplih tionslugrs 1 po 5 Wl oy
(1) the exastence of i (R \ L
AV Tl iy i the ¢ (W §1 atd Dt vt . '
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section of the gaging site and the flow velocities on the path of ice drift;

(2) the fact that the graphs are based on observation data obtained at gaging
sites of large lowland rivers  for conditions, under which there exists a
connection between the average current velocity and the river width (in
particuinr, the rive

r width between the shore jee)

From the graphs of Figure 12 it is possible to determine the time of the
beginning of slight, medium or complete ice drift on deep reaches of
lowland rivers which, by their morphological characteristics, correspond
to the regquirements imposed on the stretches of gaging sites

When using these graphs to forecast the density of ice drift over a
certain river streteh, including reaches of varying morphological
characteristics (deep and shallow sections, bends, sections with branches,
islands, ete ), we must allow for variation in the drifting capacity along the
river and during the perind of ice formation. it should also be borne in
muind that of greatest practical interest as an obstacle to navigation is the
highest density of ice drift at the given moment on parts of the given river
stretch

10, ®
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FIGUFE 11 Variation in the sum T84 of the mean~dumal
air remperatures, necessary for the stoppage of a slight ice
drite, with the sum IO of the = can-diurnal negative sir
temperatures from the day of floating=ice appearance

The variauon in the density of ice drift along the river, owing to the
variation in the drifting capacity, 18 £till not sufficiently studied

Although gaging sites are usually provided on river stretches of large
depth with relatively low current velocities (compared with the velocities
on shallow sectiong), maximum density of ice drift within the given river
streteh is not always obscerved on these sections,  [n a number of cases
higher density of the ijce drift is possible on individual sections of a stretch
under consideration than on the given gaging site.  This should be borne in
mind when using graphs like those in Figure 12 in the preparation of a
tentative forecast of the density of ice drift on some river stretch

Ll S R St e —— mm——

From the graph in Figure 13 1t is possible to determine the possibility
of the stoppage of a slight 1ce drift upon the onset of a melting period,  In

this case, the sum of the mean diurnal positive air temporatures, ssary

to stop ice drift, is determined as a function of the sum of mean diu i

negatve air tempe tures, starting from the day of floating-i1ce appe« nee
The graph is based on observation data for the Volga River 1 ared on

the stretch from the Rybinsk storage reservoir to the mouth of the Kama
River. The graph can be used to forecast ice drift on medium and large
rivers with similar heat exchange conditions.

¢, FORECASTS WITH ALLOWANCE FOR THE
CHARACTERISTICS OF ATMOSPHERIC
PROCESSES (LLONG-RANGE FORECASTS)

In order to work out methods for long- range forecasts of 1ce appearance,
it is necessary to evaluate, with a long forewarming period, the date of
autumn water cooling and i1ts intensity  The eourse of water cooling
depends, in the long run, on pment of atmespheric processes, on
the frequency and intensity of the inrush of cold air or & cold wave

Forecasting of ice apprarance wouid be most accurate if it were based on an

deve

early estimate of each cold wave However, our present knowledge of the
laws governing atmospheric processes only permits such cstimates with a
short forewarnming period. It is possible to eve a long forewarning
period only the prevailing atmospheric processes and the total or averaged
temperatures of the period in which the water cooling takes place and ice
formation begins, These values dete e in general the freezing time of
rivers in cach year, Thus, e g., on the vernava Dvina, Kama rivers
and on the rivers of West Siberia ice appears in the sccond half of October
or in the first half of November. In the case of intensive cooling in
October, the water ¢ools down rapidly and usua.ly ice begins to forn
in this month, [If the October coolings are of low intensity, ice formation
12 shifted to November, occurr at late dates.  Thus, the time of jce
appearance on these rivers is mainly determined by the character of the

uate with

alre

prevailing atmospheric processes and the resultant characteristic of air
cooling in October connected with them
Of course, the time of the arrival and the ity of individual cold
g, particuiarly at the end of the perod of water conling, appreciably
affect the dates of ice appearance
It is elear from the above said that the working ont of a4 method for long-
range forecasting of ice formation should incl
a) an investigation of the peculiarities Jf the conditions of jce
formation on the given body of water, clarification of the basic ¢lements of
the p. regim
of allowing for the influence of hyvdrologieal factorsinlong-ringe forccasun,
hi an analvsis of th ric processes that determine the inflow of

aav

rticular hydrological and meteorologics and of the possibility

atmosph

cold air into the region of
¢) determination of the time dependence of atmospherie processes by

terest;

means of which 1t 13 possible to evaluate the cooling intensity with a long
forewarning period




Long-range forecasting of ice phenomena takes into account the time
dependence of atmospheric processes, as determined from investigations
of the atmospherie circulation and from long-range weather forecasting

In many cases of hydrological forecasts, satisfactory results are
obtained by the use of »ven the most general regularities of this kind, For
forecasting purposes it is possible to confine oneself 1o the use of
development regularities of definite types of processes (in a definite time
of the year, in a defimite region), by using the integrated characteristics
of the process intensities

M analysis of atmos Jheric processes and their development usually
begins qualitatively  However, for the method of hydrological forecasting
intitative characterization is also necessary. A qualitative evaluation of
the processes mevitably introduces an element of subjectiveness into the
technigque, even if the result 1s expressed by a number (for example, the
numbee of days with processes of a definite 1ype, o)

Experience sh that in the practical application of forceasting
methods, including qualitative evaluation of atmospheric processes, the
mean accuracy of the forecasts is, as a rule, considerably lower than the
confidones limit of the method caleulated from the data of check forecasts
for past vears [ ]

In different grographical regions tha arrival of cold air is connected with
different atmospheric processes.  The possibilities of a quantitative
haracterization and early evaluation of the development of these processes
wre also different Long-range fco sting of ice appearance for the rivers
of vach such region therefore has its peculiarities It is necessary,
hoaever, to note that the differences in the existing methods, which have
hoen doveloped at different times, stem from the gradual expansion of our

knowledge of the laws governing atmospheric pro ses, the apprarance of
new methods of investigation of the atmosphere, particularly of its upper
tayers, and the accumulation of the corresponding observation d

Vlong vith the direet derivation of relationships for each streteh of the

river or for individual points on it, in long-range forecasting of ice
phenomena the rivers are divided into zones and classified according to
territorial distribution of the dates of the beginning of ice phenomena (with
deviations from the rated values, background forecasts, ete )
115 possible since the dates of the beginning of
1 the development of atmospheric pr BSOS
cxtonding over o large territory In fact, examining the map of the
Foviations from the rated values) of the dates of ice appearance (as well as
f the dutes of the begining of the period of stable ice and of the spring ice
), 1t can be s that deviations of the same sign, and « n close in
nitude, oceur over a large territory of a par ticular river bagin,  This
makes it possible to separate regions within each of which ice phenomena
on the rivers begin at dates which differ from the normal dates to the same

Fereitarial disterhnt

o phen o dopend «

extent, or almost so,

e mean deviation from the rated value 18 taken ag a generalized
(territorial) characteristic of the time of 1e» appearance (or of the
g of another ice phenomenon) on the rivers of a given region in a

given vear
Ihe deviations of the dates of ice appearance on individual stretches of
rivers from the territorial characteristic depend on the size of the rivers
y et of cold waves, as well

as the annual deviations of the boundaries of the regrons of unils
atmospherie processes from the boundaries of the particular re
for permanent recordings

The accuracy of forecasts prepared for specific r
using forecasts of the generalized territorial chara
called method of background forecasting) may be gomeshat foaer o 1
expected accuracy, Therefore, for each river streteh for vhich fopecasts
are prepared by means of the method of forecasting the generalizoed
territorial characteristic, check forecasts should be pro parcd.  Ir this case
the deviations from the rated values resulting from the use of this meth
are added (with respective gigni to the norma! date for the given stretoh

On the basis of check forecasts, the possibility of prepuring forecasts
for a given river stretch by means of the meth
determined, following the Official Rules of the Hydrologea! Fore
ice (Section 3, Part 1)

It should be noted that the methods of long-range forecasting usually give
better results for large and medium rivers than for = " rivers Thi= 1=
due 1o the fact that as a result of the low heat peserve of smal! rivers the
appearance of ice phenomena on them depends more on the in
individual cooling periods, which fact is not allowved for in tong- rang:
forecasts

ver stretehes by

ristic fthis (s the <n-

under conside ra

§ 1. Method of forecasting ice apprarance on the pivers of
the ETS using a qualitative evaluation of the
atmospheric circulation

Background forveasting of 1ce phenomena Ked ont in the forties v
G. R. Bregman and G, Ya, Vangenge:m and havi me app fion at the
present time, is hased onthe use of the characts tics of the atmospheg

circulation proposed by Vang, ngeim and allewing for the (nflucnes of ¢
the rmi
Vangengeim distingu
western (W), central European or neridional ()
circulation types correspond to the directions of the basie air s
transports in the troposphe re relative @ e EIS
Type W is characterized by a strong deve b preent of syelor eTivity

state of the ocean surfuce

shed between theee tepes (foprms) of cfren o

1=teren () e

manifested in the passage of evelones from st to cast the v
of a high-pressure b occupying the contral part of th .
and the southern regions of the ETS and Supplomentee tration of
anticyelones through the Atlant i the sourth of Sea 1

Type C is characterized by penetration of anti velnm TS

hinavia and the Barents Sey
o are ultrapolar penetrations of |

through North Se

tyvpe E the

of a branch of the Siberian antic velone wineh sor o te b 1 1
over the whe ETS

The type of a particular circulation 1s determn 4 frem grownd o710 tud
maps

For background foreeasting of freezing tand a's f ok up) in

ers the seasoni! tvpes of atmospheric cirealat-om v g I VoA




derived for the summer-autumn and winter-spring periods from data on

the prevailing types of circulation in each month.  As the prevailing type of
circulation in a given month it is agreed to consider that type whose
frequency in the given month exceeds the mean long-term frequency for

this month (the rated value). If two types have a positive deviation from the
rated frequency value, there will be a combined (mixed) type of atmospheric
circulation (for example W+ C).

The appearance of ice on the rivers of the ETS depends on the relation
between the intensity of heat transfer from the west (regions of the North
Atlantic) and the inrush of cold air from the north and northeast (the Arctic
Zone). The prevalence of any of these processes depends on the type of
atmospheric circalation over the ETS.  The state of the underlying surface
of the region in which the air masses form and move is, in this connection,
important

The influence of the thermal state of the North Atlantic or of the Arctic
Zone on the subsequent character of freezing (or ice break up) of rivers
vhen western transport prevails is different than when the meridional or
J 1 circulation prevails,

Ihe most intensive heat transfer from the Atlantic Ocean occurs in the
northern part of the Gulf Stream. High water temgerature in the northern
part of the Gulf Stream in the summer-autumn months favors appearance
of 4 stable positive air-temperature over these regions and a negative
temperature over the ETS,  Low water temperature in the northern part
of the Gulf Stream gives rise to a reverse situation,  In the summer-
autumn period air masses passing over the North Atlantic are warmer or
cooler than the underiying surface

When forecasting ice appearance on rivers of the ETS, besides the
atmospheric circulation, the heat exchange insthe North Atlantic, expressed
by the difference between the air and water temperatures during September,
18 also taken into account, In September a monsoon field which is
characteristic of the cold time of the year sets in and the influence of the
Atlantic on the weather of the ETS intensifie

In order to characterize the thermal state
air masses surge into the ETS along normal and ultrapolar axes, data on
the stute of ice cover of the Barents Sea are used The thermal state of
thts sea is very typical, in view of its geographical position, of the thermal
state of all the seas of the western sector of the Arctic Zone and
considerably affects (along with the influence of the Atlantic) the
macrosynoptical processes over Europe and the air temperature over the
ETS. However, the influence of the thermal state of the Barents Sea
depends on the intensity of air mass transports from the Arctic Zone to the
ETS, {.¢ * type of atmospheric circulation

1t 15 a fuet that the air temperature over the ETS in the prewinter period
is 1nfluenced by the heat accumulated during the summer in the surface
water layer of the Bareats Sea. An .ndirect characteristic of this heat
mulation is the variation in the extent of the ice cover over the sea
daring the April-September period. The ice cover of the Barents Sea is
caleulated from data on the position of the ice edge in the middle of April
and September

Details on the determination of the characteristics of the atmospheric
circulation, as well as on the state of the surface of the Barents Sea and of
the North Atlantic, are not given here,

of the Arctic Zone from where

Experience in the use of these forecasting methods over many vears
showed that although forecasts prepared by these methods were in general
satisfactorily accurate, in a number of cuses there were large errors,
particularly for rivers of the south of the ETS.  This is due mainly to the
qualitative form of the evaluation of the atmospheric cireulation,  Such an
evaluation is convenient and helpful in & number of cases for the analysis
of the processes, However, 18 use in routine work often causes serious
difficulties. In addition, the above characteristics of the atmospheric
circulation do not always reflect the true development of the atmosphe ric
processes, These shortcomings are of course characterstic aiso of other
methods of visual evaluation of atmospherie processes, including the new
standard schemes developed by Vangengeim {1852)

The observation data for the Atlantic and the Barents
always sufficient to determine reliably the characteristics of the thermal
state of the underlying surface

For the forecasting of ice phenomena on the rivers of the Baltic Ay
Byelorussia, methods were propoged using the new scheme of the
atmopsheric processes developed by Vangengeim

This scheme, used mainly for weather forccasting in the Arctic, differs
from the former, briefly characterized above, mainly in the following. The
same th » circulation types are conside whole Northern
Hemisphe by means of the Hyg maps amplitude and ragad
displacement of high-altitude ridges and troughs conside red as t
criterion of * W, in a number of cases this es it impossihle o
« some processes, which carlicr were r W otype (for
example, the Kara Sea and south Scandinavian surges), to type W Ihere
are two versions of type E circulation  The first incindes processes in
which there are ultrapolar penetrations of anticyelones to the ETS or the
branch {trail) of the Siberian anticyclone approaches  The second version s
the existence of a high-altitude trough over the cast Atlantic and a high
altitude mdge over the ETS.  In this case heat 18 brought in to the ETS
from the southwest, whereas cold surges are directed to Wost Siherta These
two oppoesing processes for the ETS are considered s variants of the sy
circulation type since they have some common feat

A are aiso not

and

Biesic

re

rred tot

ires when conside e
the Northern Hemisphiere as a whole, and in both cases there 1s o stable
heat transfer to the western sector of the Arctic Zons Incidentally, the
former classitication (of the forties) referred most of the second version
of the type E to the type W,

of the forecasting methods proposed (for rivers of Baltic arva
the date of tce apprarance 1s determined as a function of recurrence of the

In on

cire

stion type in September, as well as of the sign of the wir tempera® ive
in September in the northeast Atlantic and 1n the western sector of the
Arctic Zone

In another method the dates of 1ce apprarance are dotermined as a
function of the sum of the air temperatures in September tor th
the western sector of the Arctic Zone (the stations of R ntsburg, the
Medvezhn asle, Tikhayva Bay, Cuape Zhelamya), the castern AMtlanti
with the British Isles (the stationg Westman, Lake Thopshavn
(Torshavn), the town of Bergen, the town of Valencis), and the
Europran continent (the stations Lemngrad, Kiev, Warsaa, Steckholm)
In cases of large sums of the air temperaturs in Seg

mber, sharp

&8
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variations in the atmospheric processes are observed in the following
jithe For these cases the sums of the temperature anomalies are
mltipliod by a coefficient less than unity (from 0.8 10 0.1),  The values of
e con (herent vere obtained by teial and error from ten cases, depeading
cov of type C eirculation in September.  The latter of course
ity of the forecasting method,

rduees the vel

€3 Fopccasting on the basis of the uniformity of the
& atmospheric processcs of the

synoptic season

e use of quontitative objeetive charactenstces of atmospheric

that cause the appearance of ice on rivers is extremely simple

for Jonge range forecasts for pivers which freeze at the end of the synoptic

caonn faatumn or prewinter period),

Knowe miform atmospheric processes previail throughout the

S as0n Ihis means that evaluating, for example, the direction

cading current in the troposphere from maps of the beginning of the
SyNOpUE Sedson, W W assume that this dire®jon of current will also

prevarl during the whole season, The durftion of the synoptic season
wrte s vsually from one and a half to two months and, therefore, by

the “tendeney of the season” from the processes at least of the

synoptic periods of the season, itis possible to obtain an

half months ahead

first teo natu

fou of the prevailing processes for one and one and
he synoptic season of autumn begins on the avera

vien it ts replaced by the prewinter scason which

on 20 August

ind ends on 15 Oct
average until 15 December  Inindividval years the begqinning
v seasons doviate considerably from the mean dat
zing fors

b rivers is it then possible 1o prepare fre
ity of the processes of each of these se asons”

y appearance of ice occurs already

for thase vivers where cay
the first half of Ogtober, 1, e,, at the end of the autumn season, There,

f the wtinospheric processes of the autumn cause intensive cooling, ice
r dates,; if these processes cause the inflow of heat, the

'H irs at var
L sy of the rivers is not depleted, sometimes towards the end of
Contat even mnereases, and in the case of any further development of

i proeesses (e may appear only later than at the mean dates To these

i 4 of the northern, and particularly northeastern, regons

¢ the FTS, us Il as most of the nivers of West Siberia
Secondly, for rivers of the south of the ETS, where ice usually appears

f of November and in December, 1e,, at the end of the

A :on In this case the freezing fore ts may be based on the

characteristics of the atmospheric processes of the presanter season Let

spder some examples

W) To forecast the freczing of rivers of the northern and particularly
northeastern regions of the ETS, the direetion of air-mass transport is
t \ as the principal characteristic of the atmospheric processes During
wtumn, masses of cold Arctic air usually approach this region. The
celopment of peactrations from the north and north-east therefore leads

IS

1
iy

vy ntcnsive cooiing and carly freezing of rivers, When type C circulation

15 less pronounced and the leading current is dirccted from the northwest,
air which has traversed a long path over the relatively warm aateors of the
North Atlantic arrives in this region,

Theretore, conling with this currvem
direction prevailing (hoeing norm for thas
time of the vear), wi!ll be lo8s intensive

and freezing «ill be close 10 the

values., A stable western cireu

circulation 1rom the =

to 4 warm acather and

rivers
il i sl To evaluaty the direction of the pro
rent, s alled iy of

FECURE 14, Scheme for the dererm ] & deteprs vt
of the circulanon indices from Hyoq absolute 1sotirie surfacs AT
1=dras ing of the sohypies on tygy maps in miaps T4wo sphericual rectangios, bavimg
the case of a type W circulation; &= a common side along the merndian
drawing of the iohypres when the dircetion {(Figure 14), are m §oonat on th
of the leading cuttent to the rectangle Il is The first is situated o the cest of the
from northacent: I-deawing of the wohypees o iticular river basin, the sccond inetudes
when the direction of the e ad urtent 1o

this basir For cach rectangle se calealats

the recrangle 1 i from southe oo
the a

potentialy and substract t
rectangle from the ave T
difference J=H —H, is tuken as the
secn from Figure 14 that 1f the prevailing curvent 1= directod from awest 1o
east, the value of 7 1s clo

C 10 Zero I 11 15 directed fror vl v
northwest, the index assu positive vilues { from south or fron
southwest negative va

In partucular, for a forecast of 1« Appeara 1 e rive g {1l
nort f the FTS (P« Mezen', Vychogday the pndex i calcuiated
fre angles whose ¢ n side passes glong 47 Neste v
houre of the first rectangle along 367W L and castern bogndaey of
the sccond rectangle along 1087 E long  The northers houndary of
rectangles passes along 78°N lat | the southern boundary o e 36N Lat
On the whole, both rectangles cover the entive territary of the so-ca !
aatural Furop noptical reg In the wleuiat wi uase data for the
whole aerolog reference network, plotted on muaps of the I partmeny of

sung of Tsil
ted for the tune interval betaven e
autumn synoptical season and 15 September The latter dute
arbitrarily so
nce s of an irance {at the heg
foreu mng range covers a period of 4 to 6 davs
prriod) so that it suffices even for the jatest beginmng of the autarin
synoptical scason (10 September)

The time of lce appearance on FIVers is intmately connected sith ta
lues of the index [ (1 Vo Figure 15 gives the

Long- Runge W Forves

The indvx s caleu

to ensure the necessary forewarning period

riv e ap of Oetabiery, s

aph of thus

* When caleulating the vatues of 8 3 M, and in porenal, the aviersge onies of 1 gesperer ot a
atirospheric presuse 107 3 gven errony, 188 Botter e Sotoe ine 1oy frem the i “
(1obars) by measuring with 3 pla 1o o1 by avirigng # : ) )
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f aip-mass transport High-altitude barometric formations (ridges and

» direction of the prevailing current,
to definite position of the heat and

(nuclen When this correspondence 18 upset, the proce

troniph whose pasition determine

ir position correspo

818

ssure and

the larger the noncorrespondence between the pre

the sharper is the rearrangement. For a

i temperature fie

yuantitative (indirect) evaluation of the g of the sverage air temperature
in the troposphere we may use the Himg relative 1sobaric surfac
maps to caleulate the index /. in the s
the Hyep maps. A comparison of these indices (Table 17) shows that in most
cases a definite relationship is maintained hetween them  The deviations
from this relation for values of I close to the average (I from + 5 to

+ Qdkm) are small and do not significant] the subseguent

e-contour

as the index | from

sequenc

v influenc
development of the processes With considerabhle anomaiies of the air-
transport direction (i. e, of the index [) this relationship between the
indices becomes most important

TABLF 1 Values of the menidionality indices used 1 fore: asn ice

the nermtheastem

Year ' b Yea ] ] Yea ' ' | [}
938 -1 8 1946 9 L} 1954 3
1939 12 9 1947 8 3 1955 6 3
1940 1 1948 b -4 1956 12 6
1941 15 6 1949 13 L] 1957 -1 —4
1942 8 2 1950 7 -5 1958 i 9
1943 7 3 1951 3 4 1959 10 4
1944 5 —4 1952 7 1 1960 3 4
1945 8 2 1953 9 5
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\ r ot and reliable evaluation of the atmospheric proce S
£ Mum ¥ S04 R in be achieved by using the charact ]
it ity T ses for September, during which the processes of
th sOon alwa a It is obvious that the characterisucs tog
S used for long- range forecasts of ice appearance rs
A not varlier than by mid October For these riy
o \ of the pr s of it season on fre
larly in cases « it tee appearance,  Nevertheless,
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gropote ntials, aver d for a large territory, but {rom the

cries of observations (maps of the mean pressure at sea level are
since 1891)

In the exampie given, a Series of observations frcm 1921 i8 used, 1. ¢,
from the time of the opening of the Ivanov Bor gag.ny site,  The values of
the angle @, determined from the mean maps for september of these years,

RBropot 15 over tw sen charact stations fcf

ocated b west of the pegion v

d shightly 10 the east of it (Vologda). Th

1Ispurt 1s estimated by the difference i the geop

varied from 0 1o 85° and from 310 to 360° (Table 18) noat tan points: By-to the of the consid n
(Warsaw), and Bp-10 the north of it (Murmansk The Y Fary
gropotential diftorences C= (Ay— Ag) 4+ (By — By) 1= tuken as the g ri
transport characteristic (Table 19)  Large n & vt '

TAHLE 1. Values of the inclination angle @ of the iwbars n Septermber, used 1o forec ase

ve appeatance on the Upper-Volga catchment basin well-developed western transport, or to a we supp wed
by transports from the southwest The wce-appraran Ay
. roge o s Agle . detoemined as a Tunction of ', Figure 1R gives an vxample of such
degrees degree dependence for the Volkhov River catchment basin
1921 45 1937 350
1972 35 1938 355 1951 45 o
1924 335 1939 50 1952 320 :
1925 325 1940 325 1953 45
1926 40 1931 85 1954 350
1927 0 1942 35 1955 325 Prosure Press
1928 F0 1913 0 1956 25 t . it p .
1929 350 1944 330 1957 uo perb s e be b
1930 0 1945 8 1958 0 x I » c
o2 || s ®m| S
1 I 1901 --8* 1920 2
1935 30 1948 30 1902 +7 1921 —10
1 85 ] 1903 +3 1922 -2
1904 -4" 1923 - 16
1905 o 1924 —25
I:’I’ﬁ ﬁ 1925 21
Figure 17 gives the relationship between the dates of ice appearance on :,?l; :3. :g_? _-i':
the Sheksna River at lvanov Bor and the value of the angle @ during 1909 3 1928 14
mber ]!vr‘:m b n_u-r:n, how \'.“r' that in afcordance with the abovesaid, ::"1) hg. {‘9’?3]‘3 :g?‘
angles @ close to 0 (western air current), t.c., in the presence of 1912 7 1931 =31
fitions for a lute freezing of the rivers, the dependence 1s weaker e 1913 (] 1932 -2
rm.s erreor E cases when the angle @ varied from nl to 30° and from :3:; |?, ::3 :3?
is 7.4 days, for all the remaining cases it is appreciably lower, 1916 4 1935 5
dar 1917 —6" 1636 -32
Vaothe r example of the use of the charactemstic of the atmospheric :';Ilg I}' 1937 -
pr S vatling in September as determined from data on the mean :i‘;
rie pressure is the method used in forecasting 1ce -1
rivers of the northwestern regions of the ETS -6
of the rivers of these regions 15 very complicated  loe 1 =13
voral times on the rivers of the northwest of the ETS and wat e
there are even repeated periods of stable ice, the amplitude of the dates of eas T o b fior an anomialy o Ay

irance reaching ‘here more than 60 days, However, in this case

t yossihle to get an idea of the dates of ice appearance on the rivers .
3 2. In order to estin jegree o
fron s=es developing in September In order sti Br fn
can-monthl essure at se vel the e
I y characteristics, which determine the relation between the mean-monthly ¥ Ba on

between the d

iations Apg from
ETS (Kazan' meteorological station), and in the re
the North At

the rated pressure above

imtensitiers of inflow of warm and cold air masses into a given region, are

the prevarling direction of transport of air masses and the intensity of the
of atmospheric act

of Vik and Baren

(Peledui metcorological stution

vestern transport Ihey can be taken 1nto account in two ways
] Ihe degree of meridionality of the leading current 1s determined by
same

rgi and 1

means of Hoge tsobaric -surface contour maps on the basis of the
considerations as 1n the determination of the meridionahty index (see K=-\p‘ —AP: i APC'
subsection a); the estimate, however, 18 not made from the values of the




A negative value ol the contrast K shows the presence of an intensified
heat transport from the southwest to the northwestern regions of the ETS
in the case of delayed formation of the Siberian anticyclone whercas a
positive contrast indicates a certain directionality of the air current from
the northwest and a rapid formation of a cold center in Siberia. It should
be noted that not only the conditions of the flow of warm or cold air directly
to the basins under consideration during the autumn synoptic season are
connected with the value of the contrast, A negative value 1s connected
also with the prevalence in the Atlantic of winds contributing to the driving
of warm water into the Norwegian and Barents seas, which increases the
stability of the heat transport to the northwestern regions of the S not
only during the autumn synoptic season, but also later. This factor
therefore maintains its influence on the ice appearance, despite the fact
that even the normal dates of this phenomenon, for example, on the Volkhov
River and on the rivers of the Lake [1I'men' basin fall in November and in
late cases — in December
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FIGURE 18, Deviation T of the time of ice appearance on
the rivers of the Volkhov River catchiment baun from the
rated value a1 a function of the sum € of the latitudinal
and longitud deepotential duff € in September,

The influence of the intensity of the western transport is taken into
account by singling out @ number of cuses when, for negative values of K.
1. e, for a strong development of the Icelandian pressure minimum, the
pressure in the region of the Azores is also below the rated value (or in
the case of a very low pressure in the North Atlantic Ap<—6mb, in the
region of the Azores it was close to the rated value). In such a situation
the western transport is weakened, a fact which brings about already in
October a decrease in the negative contrast and, consequently, also an
earlier ice appearance than in the case of the same value of K and a
developed western transport

As an exampic, we give in Figare 1% the de pendence ot the dates of ice
apprarance on the Volkhoy R on the rivers of the Lake ["'men’ basin
on the contrast of the mean pressure during September with allowance for
the distribution of the pressure anomaly the Atluntic. Figure 19b gives

a similar dependence for the mean pressure contrast in October. [t can be
used to correct forecasts at the beginning of November

d} As is shown in practice, and as |
technique, consuderabl
the: use of the unifors
autumnal

llows from the cssonce of the
nce-apprar

rrors arts *» forecasts based on
! ric processes prevailing d‘l."t'\i,' the
ynoptical “eason. This S in cases when the pre-winter
rason following the aut and the character of

s sharply differ from s t umn

v of the atmos

synoptic

the

1formity of the atmospheric processes provailing in the pre-
“ASon can hHe

winter syr

1sed 1o forecast oo appearance on the
southern rivers of the FTS. On these rivers ics liv begins 1o form
in the second half of November and only tn rare carly cuses in the first ton-
duy period of November  The pre-winter svnoprical scaso
in the muddle of October. Consequently, toagard the ond of Ovtober 1t as
already possible to torm an 1dea of the pr hing processes of the 18san
and, accordingly, to forecast the frecaing of the rivers with a sufficient
forewarning perod

Considerable temperature drops, whose frequency and jntensin
determine the time of ice ppearance on the rivers, are enanects :.i in the
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suthe rn regions with the surges of anticyelones from the north, northwest
or northeast.  Any ch crization of the development of these processes
Jid take into account a0t only the direction of the surges, but also their

atonsity ich a characterization can be obtained if the days on which the
v temperature dropped and the pressure rose are found, and the values of
imed,  The calculation

the teqnperature drops during these dates are su

wethod of forecasting ice apprarance on the Lower Volga =
For the mamn meteorological station of Saratov days are chesen when the

mean-dinrnal temperature was lower and the air pr e higher than the
day hefore For vach of the days chosen the temperature drop below + 15°
L i.e.. A@=15"-8, where AB is the temperature drop and 8

irns r temperature.  This renders a unique characteristic

Magnity the cooling periods, both those which led to the drop
Ctemperature belos 07, and those when it remained positive
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HIGUSE 99, Deviations T of the time of ice appearance onthe Lower Volga
the tated values a8 a tunction of the sum E8@ of the temperature drops
dursg W oher, taking 10t account the inversion of the sign of the pressure
nomaly in Murmansk and Arknangel’sk from September to Uctober,

I—cate of tranation ffom a negative 1o a povitive pressure anomaly at both
. Ml=case of tramsition from a positive 10 a negative pressure anomaly
at Both points or only in Arkhangei’k; [l-remaining cases,

Next, the sum ZAO of the individual temperature drops during October
is caleulated.  This quantity, called the sum of the temperature drops, is
the characteristic of the degree of development of the processes under

* The mahod, worked out for 3 generalized terntonal charactenstic of ice appearance on the Volga
downstrearm from Kubyshev betore the creation of the Volga hydropower plants im, Lemin and im, ¥XI1
Congress of the Communist Party of the Soviet Union, 1 being utcd (n recent years for stretches uprtream

and doansaream of the Volgograd storage reservoir,

consideration, To muke the calculation more ohjective, the sum of the
temperature drops s caleulated for the whole month of October, since the
dute of the beginning of the scason, as was already mentioned, 1s determined
from visual observations,

In October, along with new processes churacteristic of the pre-winter
period, those of the ending autumn scason also have a certain influe
In forecasting it 18 therefore necessary to take into account the tendency and
direction of the climatic transition from the autumn to the pre-wir
period. Since for the appearance of ice on the southern rivers the
velopment of surges of anticyclones in the northern regions of the |
of decisive importance, it 1s possible to form an @
the variation in the pressure anomaly in these 1

er

'S s

a of the procrsses from
s. I in September,
the main month of autumn, the pressure anomaly in Murmansk and
Arkhangel'sk 1s negative, and in October it 1s positive, the now
characterized by an intensification of the northern surges  Con iently,
accelerated freezing of the rivers can be exprocted. Aninverse order in
the change of the pressure anomaly at both points, or even oaly 1n
Arkhangel'sk with the sign of the anomaly maintained in Murmansk, points
to an attenuation of the northern surges, which lvads to delayed cr
formation on the rivers

Figure 20 shows the deviation of the time of ice appearance on the Lower
Volga from the rated values as a function of the sum ZA® of the temperature
drops during October, taking into account the inversion of the sign of the
pressure anomaly in the north of the ETS

The total accuracy of forecasting with this dependence is characterized

ARON

by the ratio %-0.45 It should be noted that forecasting is least accurate

in cases of absence of a clearly-pronounced tendency of changes in the
synoptical scasons (generalized in Figure 20 by the line 1)

To increase the forewarning period of the forecast, it is possible to
obtain a similar dependence when calculating A8 for the first 20 davs of

October Its accuracy is, however, lower 1. =0 65)

The most important forecasting errors in this case arise wh
normal or warm pre-winter period, a warm winter begins at varly dates
In such cases the appearance of ice may be delayed for a long period

¢) Methods, 1in which the mean air temperature during the autamnal
svnoptical season on days when centers of anticyclones pass over the
territory of the given basin ig used as the characteristic of the atmospheric
processes, are similar to the methods described in this section,  The
reason for using this characteristic is that these anticvelones e formed
in the same regions of the western sector of the Aretic and North Atlantic,
from where subsequently also the " MASSes causing the freezing of
TIVErS arrive The air temperature during autumnal Surges of anticyclones
18 therefore an index of the conditions of formation of such surges, and
partially also of the cenditions of their tr srmation on the path to the
region under consideration

This characteristic is determined as follows, Fora given [rivers] basin
4 region for calculation is singled out which 1s somewhat larger than the
arca of the basin itself For example, for rivers of the cenrral ETS the
calculation region includes the Volga and Ural basine.  From composite-
kinematic maps for the autumnal synoptic season davs, when centers of




anticyclones and pressure ridges were situated over the given region, are
found. Then, the mean-diurnal air temperatare for each of these dates is
recorded from data of the main meteorological station, For rivers of the
center, the Kazan' station is taken as a main (reference) station,  Further,
the air temperature is averaged over all the chosen days of passage of
anticyclones (0). The mean temperature during the days of passage of
anticyclones can be determined for the whole autumnal synoptical season, or
else the period of calculation can be limited to the day of issue of the
forecast (for example, 1 or 10 October),
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FIGURE 21, Date D o
(Irada) as a funcuion

e appeatance on the Volga at the village of Prosek
he mean air temperature 8 Surnng days of passage of
anticyclones, for vanious values of the coetficient & of the river worage
tdischarge) in Seprember and of the water temperature @ at 1 October,

I-hets, <t ll-8gNé, >4 or 8 0.4, 0<4"; Wi-2308, >4

The dependence of the dates of ice appearance on the value of 8, is
usually sufficiently accurate for the rivers of the northern half of the ETS,
but not for other regions, In these calculations other variables are also
taken into account.  For example, to forecast ice appearance on the Volga
downstream from the town of Gor'kiy, the amount of water storage in the
river and the water temperature are also taken into account., Figure 21
shows the dependence of the dates of ice appearance on the Volga at the
village of Prosek (Isada) on the mean air temperature during the days of
passage of anticyclones (0,). All the cases of ice appearance are classified
into three groups according to the water storage of the river and the waler
temperature, The first group includes years when the coefficient & of the
mean discharge of September was less than 0.8 and the water temperature
toward 1 October was below 4°. In these cases ice apprars relatively early
The third group includes cases of a large or medium waler storage (‘) 0.8)

and late (after 1 October) transition of the water temperature through 4°.
Under these conditions ice apprarance i3 delayed.  The second group
includrs all other s

The use of such dependences in routane practice gave positive rosults

It should be noted that a shortcoming of this method of calculating the
mean temperature during days of passage of anticyclones in the autumnal
synoptical season is that the determination of the dates of the beginming and
end of the season and of the positions of centers of anticyclones and ridges
was not sufficiently accurate.

§ 3. Forecasting ice appearance with allowance for the
conditions of the formation of the Siberan anticyclone

The beginning and development of autumnal atmospl
Siberia and in the Far East and, consequently, also the peginming of ice
formation on the rivers of this territory are mainls
formation of the Siberian anticyelone and its principal ridge
of the Siberian anticyclone 1s usually situated an the region of Lake Baikal,
its principal ridges are dirccted: one to the lower reaches of the Lena and
Kolyma rivers, the second to the basin of the Amur River, the third to the
lower reaches of the Ob' and Yeniser rivers. The Stberian anticyelone
usually starts to form in August, 1n late cases - in September
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FIGURE 0V, Deviation T of the tire of ice appearance on the Upper
Lena River fror fiction of the te Dy o the
appatanve of stable anticyclome tormations in e egoon of Lake
Batkal

Quahtative evaluation of the formation of the Siberian anticyclone hag, for
several years, successfully been used 10 forecast ice appearance on the
rivers of the Amur basin, Since the dutes of ice appearance on these
rivers vary within narrow limits (20 to 25 days), 1t s sufficient for the
forecasting to evaluate the gencral character of the (carly or late)
development of the Siberian anticyclone and 118 adjacent baric systems

a9




lev tormation s carly when the Siberian anticyclone begins to form as early Central Asia to the Lena River, If in the summer-autumn months the
s as July: the evelomie activity over Siberia weakens in the summer-autumn features of one of these types of processes are not clearly pronounced, ice
H n.!'mm-., particularly over the northern regions and over northeastern usually appears at dates close to the normal values, In r:n\zhn-- practice
: China; the activity of the tropical maximums weakens and the surges of for th-'- preparation of a forecast, after determining the general river
: freezing characteristic, years are chosen when the development of
7 a atmospheric macroprocesses and the location of the main centers of the air
N 20 pressure and temperature anomalies in July, August and September are
" closest to those ohserved in the current vear  The expected dates of woe
appearance on the rivers of the Amur basin in the current year are
L determined in accordance with how ice appeared on these rivers in
s reference (comparison) years,
é This forecasting method is of course imperfect, since it is based
k e completely on a qualitative and therefore often subjective evaluation of the
s 5 development of atmospheric processes,
i Another method, closer to the quantitative methods, 1s usod to forecast
L ice appearance on the Lena River
5 If we take the appearance of stuble anticyclonic formations in the region
of Lake Baikal as a first indication of the beginning of the formation of the
- -1 ] ] 70 A, Siberian anticyclone, it is possible to trace a defimite dependence of the
dates of ice appearance on the Lena River on the dates when such baric
f‘g formations appeared, An example of such a dependence 1s given in Figure
22. The use of this technique in practice is difficult due to the ipsufficient
% accuracy in the determination of the date of the beginning of the formation
x of the Siberian anticyclor It is particulariv difficult to determine this
date in years when many alternations of eyelones and anticyclones oceur in
5 the Baikal region.
) A more objective and discrimmative evaluation of the formation of the
Siberian anticyclone and 1ts ridges can be obtained by using data on the
s variation of the pressure anomalis s (deviations from the norm) and on the
! '] prevailing direction of the air-mass transport.  In order to evaluate the
] formation of the ridges of the Siberian anticyelone, reference points wers
{ - chosen in the direction of cach of the in the West Siberian ndge
4' =10 Yeniseisk and Surgut, in the Lena dvma ridge — Troutsk, Kirensk
rkhovansk, in the Far-Eastern ridge - Irkutsk, Chita and Khabarovsk
[7] I3 [7] 1] 2 ;’[.&.p} The sum ZAp of the pressure anomalies for cach group of points VOSs 48
] the characteristic for the development of the respective ridge A largs
FIGURE 03, a=Deviation T of the ime of ice appearance on the central positive pressure anomaly in August indicates an carly beginming of the
Ob* tron: the rated value as a function of the vatiation Ay in the total formation of the anticyclone, A considerable excess of the September over
pressure ancmaly in the West-Siberian ridge of the Siberian anticyclone the August pressure anomaly characterizes al formation of the anty-
from August to September; b-cotrection AT to the deviation of the time . Therefore. the variation A =.":.1py...—!'..!p|‘ ol the sam ol fh
f 1o appearance from the rated value, determined from the relationship v i :
betucen the value of @ and the deviation A, of the meridionality pressure anomalies from August to September for the above-indicated
index from the rated value for cases when A, and Al have opposite signs. stations serves as the developmen: characteristic of cach ridge The
dependences of the dates of ice appearance in central course of the Ob'
! " : - . River and in the upper course of the Lena River on the respective
anteyvcelones from the north are intensified, :‘\n 1r‘|.crr'ased air pressure and characteristics for the West Siberian A, and Lena-Koly A, ridge
a reduced arr temperature over the north of Siberia are usually connected given in Figures 23u and 24, These dependences are clearly define
with these processes.  Ice phenomena begin late if in July, August and the in a number of cases there exist considerable de of the dates
first half of September the Azores and 1 acific Ocean maximums are ohtained from the dependences, from the actual d These dey r|'.-|-.
situated mainly at a high altitude, and intensification of the anticyclonic appear most sharply for the “‘;- River The reasons for this can bé
activity over the Okhotsk, Japanese and Yellow seas is observed. In this clarified by cr"huh-rulg the direction of the air-mass transport
case a low-pressure region is situated over Siberia, Mediterranean The formation of the Siberian anticvclone and its ridges is connected
cyelones emerge or the north of West Siberia while cyclones pass through with the advection of cold air, connected with meridional surges, from the
- 70 2
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north tothe pespeetive pogions,  The prevaihing direction of air-mass
transport, «xpressed by the meridionality index, is therefore an important
fuctor, which should be taken into consideration when estimating the

development of the East-Siberian maximum
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FIGURE "4, Deviation T oof the time of ioe appearance on the Upper
the rated value s a wnction of the vanation Ay o

Lena fiver b
the teal pretigre anomaly i the Lena-Kolgra adue of the Siberian
anticys bone from August 1o September

1= 8L>0, AeD, ToBL<H with Ar>0; d=the ugns of Sl and A; are
the samwe

ridionality index Jy for the region of the West-Siberian ridge s
s between the average geopotentials of the 500 mb

Fhe me
caleulated as the differer
surface (Hypg) over spherical rectangies within the following boundaries
(1 1N5 and 60° 1, long. , A0 and 40° N, Lat (11) 105 and 180° E_long., 80 and
40° N, Lar

For the region of the Lena-Kolyma ridge the index [y represents the
g geopotentials over spherical rectangles
within the following boundaries: (i) 90 and 1207 E, long., 80 and 40° N, lat, ;
(1) 120 and 150" E. long , 80 and 40 at, Considerable positive values
of these indices in September represent the development of meridional
surges from the north to the regions of the respective ridges; negative
values of these indices show, on the contrary, the appearance of conditions
for the transport of warm air masses from the southwest, causing a delay
in the formation of these ridges (and, consequently, also a delay in the
frovzing of the rivers),

In a number of cases there exists a defimite relationship between the
values of the meridionality index / and the characteristics A of the air
pressure variation (Table 20), With positive deviations Al of the value of
I from the average (+2.3dkm for the West-Siberian ridge and -1.0dkm
for the Lena-Kolyma ridge) we have positive values of A, and for negative

difference betwoeen the aver
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negative,  This relationsiup shows that the for

Siberian anticyclone takes place during

v
or less uniform conditions, I, [or .

i
thus pointing 10 a positive variation A of the pressure a
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are different?, it is necessary to take into account, along with the variation
of the pressure, the meridionality index ]. This is done by different
methods, depending on the influence of the meridionality on the formation
of the anticyclone and the appearance of ice. As was mentioned above, this
influence is most important for the rivers of West Siberia, Therefore, we
use an auxiliary relationship between the deviations, observed in these
years, of the dates of ice appearance from the expected dates according to
Figure 23aand the value of Aly which represents the deviations of the index Iy
from the rated value (Figure 23b), By means of this graph we determine
the corrections to the dates of ice appearance expected according to the
graph @ and obtain the expected dates of ice appearance with allowance for
both characteristics of the development of the atmospheric processes.
Unfortunately, such corrections can be introduced in check forecasts only
from data for the last 21 years for which there are aerological maps, It
should, however, be emphasized that the most impo rtant deviations from
the dependences T=](A) occurred in recent years,

The introduction of the corrections considerably increases the accuracy

of the relationships for the last 22 years (i.- for the central Ob' River

amounts to 0,53}, To forecast ice appearance on®he Lena River it is not
necessary to derive auxiliary relationships, ‘since the amplitude of the
deviations of the actual dates from those determined from Figure 24 is
relatively small,  In this case it is possible to be confined to the selection
and generalization of individual lines connecting groups of points which
correspond to years when, for a negative vaiue of Az, the index Iz had
positive deviations from the rated values (1940, 1941, 1943, 1945, 1946,
1948, 1051, 1952), and to years when, for a positive value of As, the index
Iy had negative values (1944, 1956, 1958, 1€59, 1961). The first group of
points diviates from the central line teward carly ice appearance, the
second group toward late ice appearance. This corresponds to the above-
considered physical meaning of the relation between the quantities A and I
Allowing for both these characteristics of the atmospheric circulation the
aceuracy of the relationship may be increased, In the example given for

the Upper Lena River %- amounts to 0,66 for a r.m.s, error § less than

three days.

Appiication of the described technique gives satisfactory results for
rivers of the Ob' basin, for the central and, partially, for the lower course
of the Yenisei River, and for the rivers of the Lena basin upstream from
Yakutsk; somewhat less satisfactory results are obtained from the Amur
and Irtysh river basins, In the Amur basin it is necessary to take into
account the circulation conditions not only in the zone of the Siberian anti-
eyclone, but also in adjacent regions of the Pacific Ocean, The freezing
of rivers of the Irtysh basin is strongly affected by the atmospheric
processes developing over the ETS and over Central Asia,

This technique is not perfect, even for such regions where good results
are obtained. In particular, it does not take into account the influence of the
intensity of the western air-mass transport which, in individual cases,
causes an appreciable delay in the beginning of ice formation (for example,
in 1953 on the Lena River;.

+ Or A close 100 while & has a large pasitive of negative value, a4 In the yean: 19840 and 1947,
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Chapter Il

FORECASTING THE BEGINNING OF A ST. E
COVER ON RIVERS 3 S

A. FORMATION OF AN ICE COVER. DECISIVE FACTORS

River freezing begins with the junction of individual bridges of floating
:jcu in places favoring such phenomena, e, g., where the flow velocity
TL.r-rl[-asn-z., where there are islands, where the river bed has hends, Cete

e formation in such places of wide sh : %
- 1 L shore ice contributes e i
of @ continuous 1ce cover RN

W For t?n‘ fc:f'mfltmn of a sufficiently wide ice shore and a sufficient amount
of ice necessary for the apprarance of ice coverin placesof the river bed
favorable for this, adefinite 2mount of heat has tabe transferred, Thisa ;
depends on the varying morphometric characteristies -;f the. rn..» l:-d. "“""”‘
on ,“W hydrological conditions on the given river stretch |- § r' : -
of ice formation, ) i e
Not always do stagnant ice blocks initiate the beginning of an ice bridge
In order for the ice blocks to freeze together and an ice bridge l;'\;ilcTa]ligl :
ll‘.(: l'nrm;um-n of ice cover, toform, 1t is necesgary that the :rll' hlucl;ﬂ l?g'-'
sufficiently large dimensions and that the freezing together develops ~;| u.“-
necessary rate. It is thus required that the air temperature in t}n’: 1‘:- I;l
be suﬂlcf-'nll,v low (so that the heat transfer s sufficiently inter |\"|'§ i
The air temperature above which stable ice bridges do not form ;q
called "l!‘.Cl'l‘iCiﬂ temperature, O, which depends on the morphom: tF c
o'harn_clorlslics of the river bed and on the hydrological cu':dmnn*.' t :"
time in the given river stretch. ) S
Thus, for the beginning of a stable ice period on a river streteh,
for the formation of stable ice bridges) two conditions ar ” s v l-lr‘“
some heat transfer corresponding to the given conditior hould orr}ur e
(b) the air temperature in the period when the first condition i f ‘frl'l .
should not be higher than its critical value, WA
Ice blocks floating up to a formed bridge accumulate partially under the
ice sheet and partially above the bridge, more or less rapidly froezis : -"’
it and with each other, LUnder the ice bridges and lc-: blocks fr e
floating along the river accumulates, l B e
Immediately after the formation of an 1ce bridge the upward advanceme
of the ice edge occurs mainly due to ice blocks situated on the t:u-.-|. '-" -
between neighboring 1ce bridges at the time of the forn ) i
on'n.‘. The rate of propagation of the jce-cover edge ohviously depends
ﬂ'_us case on the density of the ice dri the thickne ss of !.}w'l-‘r- :,lnrbl;ﬂmﬂ »
discharge of frazil ice and on the ilow velocity,  The total pl'n;l.lg-lllm; .nf !

necessar

tion of the lowes




the ice-cover odge due to ice blocks existing on the section depends, in
addition to the above, also on the length of the 1ce drift section at the time
bridge,

cover edge is due to ice formation on the
ate of propagation depends on the

» of heat transfer and the flow

of the formation of the lower

Further propagation of the 1ee
scection between the jee bradges,  The
distance from the upper bridge, the re
velocity

The upstream propagation of the ice-cover edge may extend over larg:
areas in the upper stretches of r s flowing from lakes, in river
strotehes downstream from hydroelectrie stations and in cases of consider-
abie water temperature gradients mg the priver, due to climatical
conditions (for example, the Amu- Darya River), in the absence of an uppe
bridge

In these cases the rate of upstream propagation depends on the following

a) the distance from the lake or storage reservoir or from some constant
cross section on the river,

bl the water temperature in the lake or storage reservoir or in some
constant upstream cross section;

) the rate of heat transfer,

d) the flow velocity .

A characteristic feature of ice cover fgrmation on such stretches, as
well s on stretches with high flow velocities, are ice shifts occurring
during the formation of the ice cover when the air temperature or the flow
velocity rise,

A stable ice period on a river stretch begins as the first stable ice
bridges form. Knowing the time of formation of the first stable ice
bridges is of practical importance, since from this time on a sharp
change in the navigation conditions take@ place, The technique of
calculating and forecasting the beginning of stable ice period on a given
river streteh is much more completely worked out at present than the
technique of forecasting the formation of the ice cover at a specific
point on the river

B ICE-COVER FORECASTING USING AIR TEMPERATURE
FORECASTS

S 1. Relationships for the calculation of the beginmng of the
stable 1ce period on a given river stretch

As indieoted in the previous section, for the heginning of a stable ice
period on a river streteh (for the formation of the first ice bridges) two
conditions have 10 be fulfilled, Firet, nere should be some heat transfer
corresponding to the given conditions, Second, when the first condition is
fulfilled, the air temperature should be not higher than the critical
temperature 8,

The sum of the mean-diurnal negative air temperatures from the day of
the apprarance of floating ice, Z0., is usually taken as a relative
characteristic of the heat transfer.

As montioned previously, the necessary heat transfer, or the quantity
¥0_, and the value 8., depend on the morphometric characteristics of the

Th

river bed and on the hydrological conditions at the time in the given
river stretceh

The morphometric and hydro
water stage H at one of the gagir g sites in the giv

I conditions

re characterized by the
on streteh,

Ine time of the beginning of stable ice period on a river streteh is
determined from long-time observation data for this streteh by the 1wo
relationships fusing graphs)

(E0)...=f(H,) (.1

and
0. =f(H.) 2.1

preceding the stable wce poriod. (Z02),,,, 18
negative air temp
rather, approsching the necessary values) for ice cover for

subsection b

ahepe .”‘ 18 the water stage
e sum of the mean diurns

e s

CUSSary

tion (see

Below, adescriptionis given of a technique for setting-up the workiog
graphs and for caleulating the beginning of the stabhle ice perind

@) Determination of the river-streteh boundar fes, A
hig means, 11

= the

‘r streten should be more or less uniform. Tl
rge tributaries which might considerably increa
downsty

retiv, that no
e
trom their ainflow should «xist on the streteh,  Secondy along
the stretch the morphoiogical and hydrauvlie characteristics of the river
should be uniform

e length of the river stretch should such that its meteorologioal
conditions can be approximately characterized by the data of a singl
meteorological station,

No less than two gaging sites (more are desirable) should be wvailable
on the stre some cases, when it s koown that the first (oo dges
form every yvear directly downstream of a given site (or at its location),
only one observation point is sufficient on the seiected stretch
Plotting the graph  (Z0.).,,=(H, ) For all cuses of stable
ice cover the dates of 1ts beginming on the stretch are determined  Fogp
this date the carliest of all the dates of b
recorded on the streteh, is taken,

e determine the value of ZO. from the dav of the
apprarance of floating ice 1o the day of the beginmng of the stable oo per
including the temperatur: s on the davs of the be ginming and end of this
period (at the same met +l station for all the cases)

For the water stage ”i"*’ the minimum sta preceding <table *period
15 taken, M a stage rise before the heginning ~f <table jce s coused by the
travel of 4 flood along the river, the water stage on the day pre t'l‘dmz‘!hr'
beginning of stable wcv, or on the day preceding the iner n the rate of
stage rise due to ice formation, 18 used for

The value of Hy, is determined from one of the gaging sites of the river
streteh

The values of TO_, increasing until the beginming of the yunction of e
blocks, are unknown from observations,  What are Knoan are ony the valurs
of Z0_ accumulated toxard the time when the stable s perind &,:4
recorded at a permanent ohgervation point on the particular stroteh
However, these values, in addition 1o those necessary for di te PININg joe-
blacks junction, also contain a number of additiona! v < of TA_- (a) TO-

er discha

*h. In

ginmng of a stable ice period, as

wrolog

the calenlat
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during the time from the beginming of ice junction to the moment when 0.,

1l wis reached and the first stable ice bridges formed; (b) E0- during the From these points we can obtain an approximalts position of
o time from the formation of the first stable ice bridges to the beginning of a the corvelation hine O, Sinee these points tu
1 stable ice period at least at one of the observation points; {c) the excess temperatures equal 10 or the critical vah 1 thiat thi
P negative air temperature on the day of the beginning of the stable ice period. line of O, cannot pass above lower edge of the field of these pomnts (the
absolute values of the negative temperatur on the ordinate increase
¥ upwards from the origin of the coordinates),
i e,
3 - 140
T . “le »
. ) *T
' ot
@ o=1
- 100 g =2 e il
g ]
. -15
4 /
.sa )
3 o -1z
-20
0 00 200 4 JOA,,.. cm
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FIGURE 25. Sum of tempezatures (Z0.), , Necessary for the
n of ice blocks, as a function the water stage Hw,
ice e magnitude, (£6.)
{or the period between beginning of freezing and onset of
stable ice.
The graph in Figure 25 shows, in accordunce with the values of HP,(. (on

the abscissa), the values of Z0. from the day of ice appearance to the day
of the beginning of a stable ice period, Since these values of I0- contain
a number of the above-indicated additional parameters, the points (Z0.,
”;,") are scattered over a wide field,

In order to obtain from these data the sums of negative temperatures
approaching those actually necessary for ice-block junction, the correlation
line is drawn along the lower edge of the field of points, 1.e., along the

beginming from the day of ace

minimum values of £8_, accumulated until the beginning of the stable ice
period,
E (2.-)nun’=l(’!-u) Next, for other ) weop andhe my Pet
f temperatures of es ent o g of accumnia

c¢) Plotting the graph 8. =[(H,). For cach case of stable ice (£0_),.., and et
formation we determine from the graph (Z0-),,,=[(H,,) the quantity ¥ v iie withe atable iat
(£0_)...n From the table of the mean-diurnal air temperatures the date of period.  There are ins s wh e oo i

0 piec Mis

P accumulation of (£8-),,, is found, Then, on a graph (Figure 26) with the period the tempeorature does not fall

L) water stage on the abscissa and the mean-diurnal air temperature 0. on indicates that the first approxiumation ! o ;: itod and
the ordinate, points c‘\rl'-'spnndmg’ to the water stage and to the values of that the temperatar: hrough whic vwer than the
8- of ~ach dav beginning from that at which (Z8.),,, was reached are critical values, In such cases the 1 150

plotted. Firstwe ploton the graph points for cases when (£0-)inin is reachedon that the point corresponding 1o th f stat 1

the day of the beginning of the stable ice period, Since the stable ice period period 18 situated on the line o CUSSsIve
begins in these cases on the day (28_),,,,,, is reached, it is clear that the plotting on the graph of the pon

air temperature of this day is equal to or lower than the critical value for temperatures during ail the pers ¥ 19 s
the given conditions (for the given water level), analyzed, we correct the position of the

a way that 1t passes in general at the same d

™

T




of temperatures that did not reach the critical values (beiow the line) or that
exceeded the critical values (above the line),

§ 2 Caleulation of the beginning of continuous ice cover
from the relationships for « given river stretch

A short-range forecast of the beginning of continuous ice cover (stable
wee period) ona river streteh from relationships for this stretch is
prepared as follows,

1. The expeeted water stage for the date, for which the probability of ice
blocking 1s caleulited, is determined.  This water stage is taken as M.
.n the calculation for a day when ice appearance is

It 1s advisable ot

stll improbable

Fhes forcwarning period of the calculation, depending on the forewarning
prerind of the air-temperature forecast used, is, as a rule, no longer than
5 to 6 duys. AMethods for forecasting water discharges and levels are
described in "Rukovodstvo ' (Manual), No. 1. A forecast of the water stages
for the caleulation of the beginning of stable ice with a forewarning period
of about 5 davs can usuaslly be obtained by the simplest methods,

2. The quantity (E8-),,, is determined from the relationship (20.),,,=
= f(H..)

3. The value of 8., determined at the date for which the possibility
of ice blocking is calculated, is determined from the data of the air
temperaturs, during the period between the appearance of floating ice, and
the day of preparation of the (orecast of the beginning of stable ice and from
the uir temperature forecast for the next days, © The summation is carried
ont from the day of the appearance of floating ice, including this day.

Since this calculation is made for an early date, the value of Z0. is
smaller than (E02),0.

4. A similar cal tion is made for the next day, and so on up to the
day for shich the value of Z0- is found 1o be higher than (or equal to) the
value of (EB-).,, determined from the water stage of this day. This is the
day the vaiue of Z0. necessary for ice blocking is reached,

5. Beginming from the day (E8-)..n is reached, the temperature of cach
fay 18 compared with the value of 8., corresponding to the level of the given
aceording to the function O =f(H,.). The first day whose temperature
al 1o or lower than the respective @, is taken as the day of onset of
the erttical air temperature,

6. The date of the onset of critical air temperature is taken as the date
of the b ing of stuble 1ce (formation of first stable ice bridges).

It should be b in mind that, in accordance with the process of the
we-cover formation, the first stable ice bridges form earlier than the
beginning of stable ice period, determined from observations at gaging
sites (see Section A,

H, in accordance with the assumed course of the air temperature,

the critical temperature 8, occurs so much later than the accumulation of
(20-),..n t the forecasting of the beginning of stable ice, due to the

humite d forewarning period of the temperature forecast used, can be

pre pared only after the aceumulation of (20.),,,. the date (£0-)yy reached
is checkod from actual data on the water stage and air temperature,

R0

Check calculations (forecasts) ditfer from the sbove-deseriboed method
only by tke fact that all the values of the water stage and air temperaturs
are taken from actual data,

Example of calculation of the beginning of stanle ice
(continuous ice cover), Let us caleculate for a short-range forecast the
date of the beginning of stable ice 0n a river streteh for shieh the sorking
relationships are given in Figures 25 and 26

Assume that floating ice sppeared in this case on 19 Novembe 1 The
wiater stage on this date was 100cm above the zero datum line ot the gaging
site used for plotting the stages in Figures 25 and 26

Assume that water-stage and air-tempe v forecasts for 5 duvs,
from 20 to 24 November, are obtained (Table 21)

FABLE 1. Vatues of M, 8 and T9o for vhw caleulavion of the b gnning of stable e by
relatiomshipr (1.11) and (210

Date /XN | 20X | 2000 | Sy X mll'n £ z,lll ERUR-S U E )]
wage. H 61| 4| 60| | 12] -9

Ait temperature,
# —6| —s| —a| —s| —3|—8
n- —u|—9| 52| —s7| —| -

From Figure 25 we find that for a stage of 100cm (19 Novemberi a salus
(20.),,.; =-70° is necessary for the begit
190 November this temperature was o

The water stage on 20 November
(Z8.),,;n=-65° is necessary for the beg
November the actual temp ure awas ony =23,
to 24 November, o thes

£ of stable fce, wheress on

2Y)

r tins stage a value

ung of stable e, whereas on

A similar check is made for the next day @
days, too, Z0. is lower than (28.),..,
ice for the water stages of the respective davs

On 20 November we obtain forecasts of the aater <tuge and aar
s for the period until 25 November inelusive
we assume that the water-stage anid aiy
prepared on the previous duays, are confirmed by the forccasts of th
following days and that the forecasts of the as
are mpletely correct,)

For the beginning of a stable ice cover on 25 November aith a aater
stage of 60¢ a value (Z0.),,==59" 1s required. However, on this duy
only =527 w recorded,

From the {forecast for
26 November to 40em is oxp
stage (20-
reached on 26 November

Let us determine the date of the
From Figure 26 we find that for a si.
ary, but on 26 November (Ta
expected, 1, e, higher than the
drop to 12 ¢m s expected, for ah

necessary for the beginnming of srabis

P ostade and i temperature

6 November o lovering of the yuatey stage on

od that o

cted,

=53 is required

Cal war Lomper

of 40¢ vl H| mallju
21) a temperatiane o
itical valae For 27 N
h,. =-7 Rt
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=37 1s expected. On 28 Novemper a lowering of the water stage to =9cm s
expected,  For this level @, 6°. On 28 November -8°, i.e., a
temiperature ioacr than the eritical, is expected,

Thus, we find that the beginming of a stable 1ce cover on the stretch (the
formation of the first stable ice bridges) should be expected on 28 November

§ 3. Some variants of the relationships for the
calculation of the beginning of stable ice cover on
a given river stretch

a) For rivers with small variation in the water stage and, accordingly,
a negligible variation in the mean flow velocity during the forewarning
period of the forecast of the beginning of stable ice cover it is possible to
use instead of the dependences of (E8-),,, and @&, on M. the relationships

(Z0), .= (M) (3.m
8, =f(H,) (4.1

whiere My 1s the water stage on the day of the app@rance of floating ice,

When preparing a forecast of the beginning of stable 1ce by means of
these dependences, there 1s no need to obtain a forecast of the water stage,

Itie techmque of plotting the graph of the dependence (3.11) in no way
ditfers from the above-described technique of plotting the graph of the
dependence (1.11).  The ditference consists only in that in the case
considered here we take as the argument the water stage on the day of the
apprarance of floating ice, whereas when plotting the graph of the
dependence (1.11) the water stage preceding stfble ice is taken as the
argument. *

The technique of plotting the graph of the dependence (4.11) differs from
the above-described for (2.11) only by the fact that the temperature of each
day, beginning from the day at which (Z0-)y, is reached, is not correlated
here with the water stage of that day but with the stage on the day of the
appearance of floating ice,

b) For small rivers it 1s expedient to take for the critical temperature
not its mean dinrnal values, but the diurnal minimums. Such a critical
temperature is used, for example, to forecast the beginning of stable ice on
the Serma and Oskola rivers,

c) For smali rivers with a slow flow velocity, the value of b
nrecessary for the beginning of stable ice, considered from the appearance
of floating 1ce, is small, Therefore, if the forecast of the beginning of
stable ice is prepared after the appearance of floating ice, its forewarning
prriod may turn out to be too small. In order to increase the forewarning
period for the forecast of the beginning of stable ice, up to a limit
permissibie by the forewarming period of a reliable air temperature
for st, 1t is possible to use the predicted date of ice appearance (see
Chapter ),

If, in addition to these conditions, the long-term variations in the water
stage during the ice formation period are small and the variations in the
depths and mean flow velocities are negligible, it is possible not to

and

introduce the water stage in the calculation and to determine the value of
(Z0-)min. necessary for the beginning of stable ice, as a function of the
initial water temperature Oy

E)min =T (&), (5.11)

bypassing the calculation of the date of ice appearance. In this case, us in
the calculation of ice apprarance, the water temperature on the eve of a
day sefore the air temperature takes on negative values is taken as the
initial water temperature,

The critical temperature .e, is assumed tn such cases to be constant
The highest air temperature, at which the beginning of stable ice was
observed on the given river stretch, is taken as 0,

§ 4. Calculation of the beginning of stable ice cover on a
river stretch from general relationships

In the absence of special relationships, obtained for a given river
stretch from long-time observations on this stretch under conditions of the
river regime existing at the present time, the beginning of stable ice on a
stretch of a lowland river (the formation of the first stable ice bridges) can
bé calculated by means of the following formulas:

0= —10.30" 28", (6.11)
0, == — 0.6500"", (7.11)

where ZO- is the sum of the mean-diurnal negative air temperatures
(beginning from the day of the appearance of floating ice) which is necessary
for the beginning of stable ice (for the junction of ice blocks), @,. is the
critical (mean-diurnal) air temperature necessary for the beginning of stable
ice after the accumulation of Z8. determined by (6.I1); © is the mean flow
velocity at the river cross section with the lowest flow velocity, in m/sec;
b is the river width at this cross section, inm

If several gaging sites exist on the stretch, the value of v (as well as of
b) can be determined at the gage with the lowest values of p. The
determination is made from graphs of v=[(H) and b= [(H) for the ice-free
period,

In the absence of the necessary gaging data, and also in cases when,
from available topographic, morphometric or other data, it is obvious that
in other cross sections on the streteh the flow velocities can be considerably
lower than at the gaging sites, the values of P must be determined from
the water discharge @ and the cross-section arca F of the river at the
place of lowest flow velocity

Q::--%. . (R.I1)

The time of the beginning of stable ice on a river calculated (forccasty hy
means of (6 1) and (7.11) 18 generally the saume as the caleculation from
relationships for individual river stretches (§ 2),

To determine the values of Z8. and @,, the nomographs (Figures 27 and
28), based on (6.11) and (7.11), can be used,
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G ulation example, Letus caleulate the beginning of the stable
ice roan the Kama Hiver on the stretch between Bersut and Rybnaya
Slaboda tfrom data for 1943) before the creation of the Kuibyshev storage

re rvenr
From measurcment data we find that of the gaging sites at which the
wate r discharges were measured on this stretch the lowest flow velocities

LE]

for the given water stages were recorded at the gage at the town of
Chistopol'.  The flow veloeity and the river width will therefore be deter-
mined in the caleulation from graphs of psf(H) and b=f(H) bascd on
measurement data for the town of Chistopol® (Figure 29
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predicted water stages and air temperatures, the calculation technique
remains the same,

The water stage on 31 October, on the day of the appearance of floating
ice, was 146 cm (Table 22), From Figure 29 we obtain 0=0,76 m/sec,
b=565m.  From (6.11) or from the nomograph in Figure 27 we find that for
these vilues of @ and b a value T =—A8" is necessary for the beginning
of stable 1ce.  But on 31 October, us followed from the data of Table 22,
we have only =6,7°,

Since until 3 November there is no considerable lowering of the water
stage, and on 3 November only -18.5° was recorded, the next calculation
18 made for 4 November,

On 4 November H =97 cm, 9=0.70m/sec, b=560m. For the beginning
of stable ice a value of E@.=-79° s necessary according to (6.11) or to
Figure 27, But on 4 November (Table 22) only =22° was reached,

The next calculation is made for 9 November., M= 22cm, o= 0,61 m/sec,
b=550m, A value of Z8.=-65" is necessary. On 9 November, as follows
from Table 22, only -45° is reached.

On 10 November a further drop of the water stage occurred. l.et us
repeat the calculation for this day. On 10 November H=-5cm, o=0.58 m/
/sec, b=550m. The necessary value of T is +2°. whereas the actual
one is only -50°, -

On 11 November H=-54cm, v=0.50m/sec, 8m540m. The necessary
value is TB.=m-52°. As follows from Table 22, on this day Z8_=-54°.

Thus, the value of Z8. necessary for the beginning of a stable ice period
18 reached on 11 November,

Let us determine the critical air temperature necessary for the beginning
of a stable ice cover according to (7.11) or to Figure 28,

We begin the determination from 11 Noveraber — the day at which the
necessary value 8- is reached for the beginning of stable ice

On 11 November, um0,50m/sec, b=540m. We find 8., =-7.6°. Bu! un
11 November the air temperature is equal to -4’. Consequently, stable
ice cannot begin on 11 November,

On 12 November H=_-82cm, v=0.46 m/sec, b=530m.

Accarding to (7.11) or Figure 28, 8, m=6.8°. The air temperature on
12 November is equal to -4°, Ice blocking could not occur

Similar calculations are made for 13 and 14 November, The calculations
show that the air temperatures on these days are higher than the values of
8., necessary for the beginning of stable ice, and therefore a stable ice
cover could not start on these days,

From 15 November the water stage begins to rise, From observations
atupstream gaging sites we find that the rise is not a result of a flood. We
therefore make the calculation for the minimum water stage of =125¢cm
observed on 14 November, For this stage v=0,40m/sec, b=510m, We
find 8., =-5.9", Buton 15November,@=-1°. Consequently, there should
not be stable ice,

On 16 November the water stage continued to rise. Consequently, the
necessary value of ., remains equal to -5,9°, But the air temperature on
16 November is equal to only =4°, i.e,, there should not be stable ice,

On 17 November, the rise of water stage continued, The necessary value
of 8, remained equal to -5.9°. The air temperature on this day was equal
to -9°, i.e,, lower than the critical, We obtain the beginning of stable ice,
i,e.. the formation of the first stable ice bridges, on 17 November,
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§ 5. Forecasting the beginning of a stable ice cover at a
given point and the resulting rise of the water stag»

Stable ice at any given gaging site begins owing to the upstream advance
of the ice-cover edge. At some points a coOnNtNUOuSs 1CC COVer beging as u
result of the junction of (e bridges

It 18 perfectly obvions that when the first stable ee bridge systematically
forms at a given point, or dircctly below 1t, the beginmng of stable 1ce at
a given point can be calculated by the above described methods of
calculation and forecasting of the beginning of stable e cover ona river
Stretoeh,

After the formation of a stable jee bridge (of section A), e e
advances upstream mainly in the form of 1ce blocks existing by the tume of
formation of the bridge on the stretch between this bridge und the next upper
one,

Further advance of the tce-cover edge 1s due 1o ice formation on the
stretch between the bridges.  The rate of advance s dotermined by the
distance from the upper bridge, the intensity of heat transfer and the stream
flow velocity On the upper reaches of rivers issuing from lakes, on
river stretches downstream from hydroelectric plants, and with considerable
water-temperature gradients along the river, due to climatie conditons
(for example, on the Amu-Darya River), the rate of advance of the o edge
depends on: (&) the distance from the lake or storage rescrvoir or from
some constant cross section on the river; (b) the wate r tempe rature an the
lake or storage reservoir, or in the indicated upper constant cross section,
(c) the intensity of heat transfer; (d) the stream {low velocity

In connection with investigations of ice-jam phenomena from data of
observations on some rivers (Neva, Amu-Darva, and others) a technigue
for calculating and forecasting the movement of the 1cv-cover odge has been
worked out, since these processes are closely interrelated,

In some investigations the rate of advance of the 1o
given river stretch was related to the sir temperature,  Such investigations
were carried out, in particular, for the Amu-Darya Riv

In other cases, in particular, for the Neva River, obscrvation data
were used to investigate the influence of a large number of variables wr
temperature and its fluctuations, flow velocity, infiow of ice from the lake

However, empirical investigations have not reached the stage at which
it 1s possible to recommend defimte methods of setting-up relationships
for forecasting the advance of the ice-cover edge and the formation of an
ice cover at a given point,

For calculations of the upstream advance of the wce-cover vdge the
following formula has been proposed

(B +e)n
l.,-.r.n+(l,"—l.)(¢'7?'ﬁ'-le" - |). R

where Iy is the distance of the ice-cover edge from the initial river cross
section (from a dam, an upper ice bridge or trom some constant cross
section on the river), at the given moment, {4 18 the distance of the ice
cover edge from the intial eross section at come moment taken as the
initial moment; lg 18 the distance from the initial cross section to the cross
section at which ice formation begins; € 18 the base of the natural

cover edge on a
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logarithm, B, is the resultant of the heat currents on the river surface
when it is partaslly covered by ice; @ is the specific channel heat inflo e

rt B, Chapter 1, €2), 18 the unit time; & 1S the number of time
umts; Lic is the ice-formation heat; Py is the ice density; R, is the

ther with slush ice), reduced to a density of

of the jee cover ([t

1§ negative,  In this case the exponent in formula (9 1) is negative,

e value of ly can be calculated from (12a.1) or (14a.1).

Ihe value of R, at which the edge advance depends on the length of
the ice-formation stretch, the flow velocity on this stretch and at the edge
and on the heat-transfer intensity (1o e,, on meteorological conditions)
These variables also affect the amount of jee forming, the state of the ice
formations (frazil ic ice blocks, their dimensions) the strength of the ice
blocks and the portion of jce drifting beneath the edge,

Thus, in order to calculate the advance of the edge by means of (9.11), it
IS8 necessary to know the dependence of R, on the above-indicated factors
I'his dependenc unfortunately, has not yet been mvestigated. Consequently,
1N design practice it is used to determine the value of Ae as dependent on
the flow velocity (in the absence of ice) by

k. —=av, (10.11)

shere Ry is given inm, and ¢ 1n m/sec. On
+ for some rivers the ¢

strength of observation
flicient @ is taken in this case equal to 0.3-

However, the determination of h,. as dependent only on the flow veloeity,
i particular by (10.11), does not provide a caleulation of the ice -edge

advance with the accuracy necessary for the preparation of a forecast,
The rise of the water stage upon the r:vg'mnmu of a stable ice cover as a
result of the advance of the ice-cover cdge is mainly determined by the

same factors as the rate of upward advance of the edge from an ice bridge
The water stage rises higher, the larger the amount of ice drifting below
the edge when it advances a definite distance and the looger it piles up
below the ice eover.  The part of the ice going under the edge is larger,
the smaller the dimensions of the submerged floating ice blocks, the larger
the portion of frazil ice and the higher the flow velocity, The nature of the
e formations and the dimensions of the ice blocks depend on the heat
transfer intensity, on the length of the ice-formation stretch and on the
flow velocity

Thus, the hegght of the water-stage rise, with the onset of stable jce in
ven place, generually depends on the intensity of heat transfer, the flow
1 thie igth of the ice-formation stretch,
it of the water-stage rise largely depends on the combination
of the two characteristies: the fluctuation in the flow velocity and in the

heat-transfer intensity both along the river and with time,  In addition 1o

the fact that the amount of ice, drifting under the edge, and its structure Large ice agglomer
1 on the combination of these characteristics, certain and causing sharp rises in the

Largely dep

M » river are observed in pe
ch IS necessary for the upstream advance of the edge formation on the river P
d be borne in mind that the edge advances when the sum B+ g of river flow

of 1ce carried under the edge may be influenced by the variation in the
water discharges incoming from the headwater section,

The rate of advance of the ice-cover odge and the height of the water
stage rise on rivers issuing from lakes may be influenced by the an
ice from the lake, if floating ice on the lake

t the river issue and 1|

from the lake, In this case, the tip o of the formation of the
ice cover in the lake region adjacent to the river outflow 1s important
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combinations of these characteristics may create conditions for the advance (high) rises —ice-jam rises, and the corresponding water stage s 1ee-jam
and retreat of the ice-cover ecdge.  During advances the amount of ice in stages, . P T

the river bed considerably increases and accordingly the water stage The existing methods of forccasting the water-stages rise duri -
additionally rises, In the tailwater of a hydroelectric plant the amount freezing of rivers (ice-jam rises or ice-jam stages) are based on <ot
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up relationships between the water-stage rise or the height of the ice-jam
stage and some of the indicated {actors from data of long-time obse rvations
on the given river stretch,  In this case, air temperature is usually
introduced in the relationship instead of the heat transfer intensity, and the
flow velocity is indirectly characterized by the water stage or discharge.

For rivers (or their upper stretches) whose runoff is regulated by large
lakes 1t i possible to obtain satisfactory relationships between the maximum
ice-jam water stage M .., and the mean water stage in the lake (or in the
river at 1ts outflow from the lake) in one of the preceding months (October,
Hy. November, Hx). Such relationships ensure a long forewarning period
for long-range hydrological forecasts and accuracy required for long-range
forecasts, The possibility of obtaining such relationships is based on the
small rate of variation in the level of large lakes in the given period. Such
relationships have been obtained for the Neva (Figure 30), a: =il as for
the Angara rivers for the period preceding the construction oi the
hydroelectric plants on it,

For short-range forecasts which, in accordance with the shorter fore-
warning period, should be more accurate the dependence of the maximum

ice-jam stage on the water stage or

N discharge alone does not give the
necess®ry accuracy, Here, in addition
to the water stage or discharge, the air
temperature is introduced into the
\ relationship. Figure 31 gives the

dependence of the water-stage rise during
the freezing of the Amu-Darya River at

\ the Chatla gaging site, Hic ,m, On the
\ mean air temperature in the freezing

period 8y, and on the water discharge Q.
\ Similar dependences with the same
\ or other characteristics of the air
temperature of the freezing period have
also been obtained for other rivers

From observation data for the
Angara River under natural conditions

(before the construction of the hydro-
o~ =20 8, electric plant) we also construct
relationships between the water-stage
FIGURE 11, lce-jam water-stage rise during rise during freezing and the air
the freezing of the Amu-Darya River, temperature amplitude during the period
A jam. vs. the ait temperatute Oy, for of frazil-ice movement, relationships
two values of the water discharge @ during of the water discharge with classifica-
the freezing period. : :
tion of all the cases into three groups
1-Q = s50mAec: 11=-Q = 30mP/sec. according to the nature of the air-
temperature fluctuations in the period
of the frazil-ice movement and others,

It should be rated that the methods existing so far do not always yvield
relationships for short-range forecasting ol the water-stage rise upon the
advent of stable ice sufficiently accurate to comply with the requirements
of the official Directions of the Service of Hydrological Forecasting. This
is mainly due to the fact that in the existing technique the air temperature
is taken into account only in an averaged or generalized form, and the flow
velocity on the ice formation stretch only indirectly and in average values,

%

The way to improve the technique of short-range forecasting of ice-jam
water-stage rises obviously consists in taking into account in detail all the
dynamic and temperature conditions affecting ice formation and the ice-cover
advance both in time and over the given river stretch

The solution of the problem is, however, very difficult.

C. FORECASTING OF TEE BEGINNING OF STABLE
ICE COVER TAKING INTO ACCOUNT THE
DEVELOPMENT OF ATMOSPHERIC PROCESSES
(LONG-RANGE "ORECASTING)

The time of the beginning of ice appearance and ice-cover formation can
be determined for a long-range forecast as dependent on the character of
the atmospheric processes to which this phenomenon 1s related

If the duration of ice drift or its variation from year 10 yvear are small,
the time of stable ice cover is determined by the same aimospheric
processes as the time of ice appearance, If the duration of ice drift 1s long,
other atmospheric processes (in particular the prevailing processes of the
following synoptical season) begin to affect the dates of the beginning of
stabie 1ce cover,

The duration of ice drift depends on the ice-floating capacity of the river
(in a given river stretch — on the amount of water in the given poriod in the
given year) and on the cooling rate in the period of 1ce drnift

It is, therefore, expedient to begin to work out a technigue of long - range
forecasting of the beginning of stable ice cover by analyzing duration of
and variation of ice drift. Useful in this connection 1s to consider the
relationship between the dates of the beginning of stable 1ce cover and the
dates of ice appearance

Since, until recently, the dates on which navigation was stopped was
determined from the date of ice appearance, and the number of river
streteches where forecasts of the beginning of stable ice cover are necessary
for planmng works on the ice cover and on 1CP Cros=ing 18 relatively sm y
the methods of long-range forecasting of the beginning of stable ice have not
been developed much. This is partly due to the fact that when working out
methods of forecasting the beginning of stabie ice cover on rivers with a
prolonged autumn ice drift, additional difficulties arise compared with the
forecasting of ice appearance. The amplitude in the variation of dates
of stable ice is always considerably larger than that of the dates of 1ce
appearance, and extremely early dates of these phenomena are usually
close to each other, A forecast of the beginning of stable ice should,
therefore, have on the average a longer forewarning period. In ddition,
the increase in the amplitude of the phenomenon complicates the use of such
laws as the uniformity of the atmospheric processes prevailing during a
synoptical season, since the probability increases for change of the
season during the period from the issuing of the forecast and the occurrence
of the phenomenon, In addition, the local features of cach river stretch
affect the time of the beginning of stable ice cover much more than the
time of ice appearance.

Consequently, it is advisable to find out and evaluate relationships for the
forecasting of the beginning of a stable ice cover on large and medium-gize

91




R RS .

o

%

- ——t—

s it

rivers for their individual stretches, To determine the boundaries of the
streteches and the dates of the beginning of stable ice see Part B, § 1a,

For rivers with a short duration of ice drift, 1t is possible to obtain
dependences of the dates of the beginning of stable ice on the same
cha cristics of the atmospheric processes which are used to forecast ice
app ance As an example we give the method of forecasting the beginning
of stable jee on small rivers of the left-hand tributaries of the Upper Volga.
The ice cover on these rivers forms, on the average, in the first half of
November and sometimes, earlier  in the middle of October. Therefore,
the time of the beginning of stable ice, as well as the time of ice appearance,
can be determined in this case as dependent on the direction of the air
current prevailing during the autumn season (see Chapter 1, part C, § 2b).

For most large and medium-size rivers the dependences of the dates of
the beginning of stabie ice on the characteristics of the atmospheric
processes which determine the dates of ice appearance can be used only to
forecast the earliest date of the beginning of stable ice formation

For some rivers there exist also special methods for the long-range
forecasting of the beginning of stable ice. As an example we present the
technique of forecasting the beginning of stable ice on the L.ena River. An
carly beginning of stable ice on the Lena River is observed in the second
hall of October, & late beginning in the middle of November. First the
lower reaches and the Markovo-Kiresnsk'strstch freeze, then the stable ice
cover gradually extends over the whole river.

Cn the Lena River with its large flow veloeity, a continuous ice cover
can form only with a large amount of ice [bridges| and a low air temperature
The main condition for the freezing of the Lena is therefore the beginning
of strong stable frosts.  The latter is connected in these regions with the
formation of the Leno Kolymsk ridge of thg Siberian anticyclone, It has
been established that if in September a high-pressure region already forms
in the northern regions of East Siberia and toward the end of the month an
appreciable drop in the air temperature is observed in these regions, then
an carly onsct of stuble frosts and of a stable ice cover period can be
expected

Quantitatively the deveiopment of these processes is expressed by two
indices. The first is determined from the mean Hygg isobaric surface-
contour maps for September. On these maps two (spherical) rectangles are
promunent, of which the first (northern) is bounded by 60° and 160° E, long. ,
B0 and 60 N , #nd the second (southern) — by 80° and 150° E. long. ,

607 und 40" N 1a In each of the rectangles the mean value of the
gropotential is caleulated (in the northern My, in the southern M,), and then
H. s subtracted from M,  The difference is designated by the index /,
(always negative, Tabie 23). The vailue of l. is smaller, the earlier and
intensively the anticyclonic formations in the northern rectangle,

ng stable coolings and early stable ice on the Lena River,

gure 32 shows the relationship between the dates of the beginning of stable
i on the Lena downstream from Kirenska up to Titim and the index /[,

e dependence is fairly well pronounced. However, with the largest
negative vialues of Iy, observed in 1953 and 1959, stable ice began, insteadof
on the latest dates, even somewhat earlier than the mean date, This large
deviation 1s a result of the fact that in September of these years a powerful
anticyelone developed on the south of the region while the low pressure in the
northern «eas was due to a high-altitude cyclone, A stable inflow of heat

9

therefore did not occur and the further devewpment of the anticyclone led to
a comparatively early and strong cooling in October, [t thus foilows that
the index [y is not a single-valued characteristic and, if it takes very large
negative values, when preparing the forecast it is necessary to check
whether a situation similar to that observed in September of 1953 and 1959
does not exist,

TABLE 27, The we of characreristics of the atmosphenic circulation for Inagerange forecasing
of the beginning of stable ice on the Lena Hiver

Cire ulatiod TEMpesa- km 1.«-.«-:4 Tempera= Pealatu
Year e e “{:‘4:‘““ Year indey “':"‘.' an ] Yoo wndey "
e - Iy - Iy i

1901 —7.1 | 1930 —44 1999 | 11 l —3.3
1902 —65 | 1938 -9 — 1950 —4.2
1903 53 1999 | ~10 —44 J1951 | -1 -3.0
1916 -53 |1 -7 —4.4 -7 —£6.0
1918 —4.2 | 1941 —8 =19 J1983| -2 —3.4
1920 —4.0 | 1942 -3 —38 J194° -0 —4.4
1921 -39 |19 -5 - 1955 1 =11 -25
192 ~55 | 194 -7 —5.0 | 195% -9 —4 0
1926 —4.3 | I1M5| -4 —1.7 1957 | —10 2.0
1927 —22 1946 | —l10 —42 11958 | —10 -20
1928 52 | 17| —12 —3.2 1S9 | —16 —48
1929 S0 —-10 =31 f1980| —13 34

Another, somewhat more reliable index of the beginning of the dove
ment of strong cooling periods in the Lena River ba
ture drop in the northern regions toward the end of
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observation data at two

reference points, Verkhoyansk and Yakutsk, may
s @ characteristic of this temperature drop.  The relationship
between the dates of the beginning of stable ice on the same stretch of the

Lena below Kirensk up to Vitim and the values of A0 are given in Figure 33,
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FIGURE *3, Dates D of the beginning of stable ice on the Lena

Piver strerch downstream from the town of Kiremsk up to the
mouth of the Vitim River as a function of the difference 30
between the mean temperatures ar Verkhoyamk and ¥ akutsk
during the thid ten=day period of September and the whole
month of September.

]
Such comparatively simple solutions to the problem of long-range
forecasting of the beginning of stable-ice cover are possible for rivers of

those regions in which @ rruptions and irregularities in the development
of 1c

phenomena are rare

Ihe situation 18 far more complicated in regions characterized hy a

frequent alternation of heat and cold waves, which result in interruptions in
the ice formation, repeated ice drifts and stable-ice periods. Such a
development of ice formation'is typical of the northwestern region of the
USSR However, large interruptions in the ice formation do not take place
every year. Therefore, to forecast the beginning of stable-ice cover an
early prediction of the following two elements becomes necessary: (1) the
date of earhiest appearance of ice cover on some rivers, or the date of its
onset on most of the rivers of the region, and (2) its rate of advance, i.e.,
“rapidity.” The rapidity of stable-ice advance is characterized by the
number of days from the earliest to the latest beginning of its formation on
one of the rivers of the region in the given year, i, e., the duration of the
period during which stable ice spreads over all the rivers of the region.
The mean duration of this period over 60 years of observations i1s 42 days,
the least duration 7 days and the longest duration 106 days, [n 30% of the
cases a rapid spread (duration less than 20 days), and in 30% of the cases a
slow spread (duration more than 50 days) of the stable ice was observed.
For an early prediction of the rapidity of river freezing in the northwest
region based on the preceding atmospheric circulation, Vitel's' method is
used. The amount of precipitation which fellin the basins of the Volkhov and
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Svir' rivers in September is used as an additional argument.  The
introductinn of the precipitetion indirectly takes iato account tf
the water storage of the given river on the formation of the ie

The rapidity characteristics obtained from this dv
one of the arguments in forecasting the beginning of sta

nfluence of

cover
dence are used as

The technique of forecasting the heginmng of stable o

northwest is al

) based on the determination of the baric-cirou
characteristics according to Vitel's' method.  Such characterisucs are
determined for the prevailing deviations from the rated values on the rivers
of the region

It should be noted that the forecasting accuracy by this method in vears
with rapid river freezing is ©
freezing.  For example, for the Msta River at the village of Devkino the

siderably migher than tn vears with slow

ratio !- for the whole sepries is 0,78, for cases of rapid freezing 0,67, and
4 L
0 90 for slow freezing, For the Pola River at the village of Koleshevo, —

for the avhole s« 0.77, for cases of rapid freczing 0.57, and 0.94 for

ictical effectiveness of the

yao freezing

s recasting for years with
siow freczing s very low -

The abave-deseribed method hag some shortcomings cnaracteristic of
all tte forecasting metho based on Vitel's selection of ¢ -carculation

characteristics, The principal drawback 18 the large number of forecasting

indices, in the case of relatively short series, and unclear ohysical
g of the rels
wmenon under conside

ected forecasting indices and the

wmiship betyven the se
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Chanter [l

FORECASTING THE CONDITIONS FOR THE APPEARANCE
OF ICE AND THE FORMATION OF A STABLE ICE
COVER ON LAKES AND STORAGE RESERVOIRS

A, CONDITIONS FOR THE BEGINNING OF ICE FORMATION
AND ICE COVER ON LAKES AND STORAGE RESERVOIRS

The conditions for the beginning of ice formation on a water surface
rerc considered in Chapter 1, Part A, The condition for the beginning of
e formation can be represented by (5.1)

s 8, < -8,
or 6.1

."<_T.!-'

vhere fs, By and @ are respectively the mean depth water temperature,
the heat transter of the water surface and the coefficient of heat transfer
from the wiater depth to the water-air inte#face at the moment of the
heginning of jice formation,

Incquality (5.0) implics that ice formation begins on the water surface
vhen the surface temperature drops to the freczing temperature and the
heat transfer of the water surfuce becomes larger than the heat inflow to it
from the sater depth

Incquality (6. 1) shows that ice formation on a water surfuce breomes
possible when the cross-sectional or meandepth water temperature is lower
L

than or equal o

e enndition for the beginning of ice formation on a vater surface,
vepresented by (5.1) or (6.1), 1s valid for lakes and storage reservoirs of
any depth, af the water temperature §a is considered as the mean
temperatice in the mixing layer,

In the bank sreas of natural water bodies the depths are usually smaller
than in the main part of the water body.  Although horizontal mixing of
#ater masses tukes place, ice formation in places of smaller depth, where
the ng is faster, begins carlier

If ice formation takes place in the presence of a weak wind, gradually,
dccording to the general depth distribution, the water body, beginning from
its banks (shores), is covered by an ice crust and a stable ice cover forms,
It is obvious that in this case the beginning of ice formation on the main
part of the water body also means the beginning of a stable ice period,

If iee formation in the shore zone (on shallow water) takes place in the
pros » of a sufficiently high wind velocity, floating ice forms there,

ter oo

If an ice cover (shore ice) is formed in the shore zone before the vind is
intensified, then on intensification of the wind it muy be complotely o
partially destroyed. Floating ice, recorded st a gaping ite, s usual'y the
result of ice formation in a relatively shallow shore zone of the cator body

The role of this floating ice in the formation of stable 1cv dey
direction and foree of the wind in the subsequent period, the roeationstap
between the water-body areas with different depths and, of course, on the
subsequent intensity of heat transfer,

Floating ice forming at the shores may be transported by the wind to
regions of the water body of larger depth, T « t
is still impossible. If the area of relatively large depth, to chich e s
transported, is smal! compared with the area on which 1t is lorood
4 stable ice period may begin due to the transported ice This phen
usually occurs on storage reservoirs created in f eroriver

If, however, the area of relatively large depth, 1o which fee (-
transported, is large compured with the area on ahiehiat is formed, e
1ce transported usually does not produce stabie 1ce, ble
there when iee formaticn on most parts of the given area b
Observation data show that stable ico begins usually on the =
wce formation begins on most part of the water body, or of o fuiriy Large
part (zonej of 11, of particular morphometric characteriste = and uniform
meteorological conditions,  This 1s also confirmed by the rosy f
numerous caleulations,

I'hus, both ice formation and stable 1co may beginan differeat g
water body at different times. The var
rage reservoir must be added to the general peasons for this fact
ations an depth and in metcoroiogical conditions)

nds on the

S time

vhere joe

non

s s

iation in the flow velocities wiong the

nStOrage rescerionrs

Conditions for the formation of an 1ce cover on storags
cage when with the existing backwater a significant flow (=
somewhat different than in the absence of such a flov,  The
consists in that stream flow, a8 in rivers of nataral ¢
formation of an ice cover.  The beginning of ice forma
does not imply, in practice, also the beginmng of 4 stable joe cover asan
the absence of considerable flow (in still water

If, after the condition for the beginning of e formation 16 1) 1= tulfalled,
the heat inflow to the ice begins to exeoed the heat transfor from the surtace
of the ice cover, the forming ice {ice cover) may thaas,

There are cases when u considerable intensification of the wind foads &
breaking up of a thin iee cover already formed,

reservoirs in the

Ainitalne d are

flere g

ions, mnders the

B. FORECASTING BASED ON CALCULATION (USING
WEATHER FORECASTS)

§ 1. Calculation formulas

The time of the beginning of ico formution deponds on the fultiiiment of
condition (6.1) B,
L —
< - 2

(sce Part A of the present Chapter, as well as Chapter I, Part )
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In not o deep lakes and storage reservoirs a state close to homothermal
is obscrved in the period preceding the beginning of ice formation, In this
case the mean-depth water temperature (for the water body under considera-
tion) is taken as O,

Condition (6.1) is valid also for deep water bodies with temperature
stratification, In this case, however, the temperature in the upper, mixing
layer, should be taken A

The mean water temperature O for water bodies in which, in the period
preceding the beginning of ice formation, a state close to homoisothermal
is observed can be determined by the formula

8=ty (T4 £ + LN (1), (1.1

[
wHere
where @g= (7] N
The time of the beginning of ice formation for these conditions can be
determined by means of the incquality

bt (S, e

shere Og is the initial water temperature; € is Yhe base of the natural
logarithm; A is the number of time intervals (number of days) from the
beginning of the calculation (from the time for which & is taken), f is the
time unit (24 hours); @& is the coeflicient of heat transfer from the water
mass to the water-air interface or in the opposite direction (the coefficient
of licattransfer); R is the coefficient of heat exchange; A is the average
depth; €p is the specific heat per unit water volume; 8 is the mean air
temperature during the period of calculation Jduring the time nf); d is the
specific heat exchange at an air temperature equal to that of the water
surface; @ is the specific channel heat inflow,

In cases of sharp air-temperature fluctuations from the beginning to the
end of the calculation period, the calculation by an inequality in which the
air temperature is averaged not over the whole calculation period but over
days, is more reliable:

i.e""+‘z.[l‘(¢“"""—e"""“""‘]]+

+(_:_+“_:;ﬂ£)(|—e'“)<—%-. (3.111)

where & is the serial number of the day from the beginning of the calcula-
tion, 8, 15 the mean air temperature during the i-th day.

If the mean flow velocity in the region of the given water body is less
than 0,05 m/sec, the date of the beginning of ice formation, obtained by
means of (2.11) or (3.111), is taken as the date of the beginning of stable ice
cover,

If the mean flow velocity exceeds 0.05m/sec, the date of the beginning
of stable ice cover is determined by means of (6.11) and (7.11) (see Chapter
I, Part B, § 4).

o = —10.30" 2%,

0., = — 0.6506"5,
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ahere ZO. is the sum of the mean-diurnal negative air temperatures,
counting from the date of the beginning of 1ce formation (inciuding it)
according to {2.111) or (3.111), B, 1s the critical (mean-diurnal) air
temperature necessary for the beginning of stable ice after the sum Ie., is
reached, using (6.11), © 1s the mcan flow velocity in m/sec; B is the width
of the water body in m

11 should be remembered that Z0- 1s counted beginning from the
caleulated and not from the observed day of ice appearance, As indicated
in Part A, the date of the appearance of floating ice, recorded at gaging
sites, is usually the resuit of ice formation only in the shore zone of the
vater body

For rivers the time of the formation of the first stable 1ce bridges is
calculated from (6.11) and (7.11). In this case, the lowest of the mean flow
velocities for the given water stage on the given river stretch is taken as
the calculation value of ¥; as the calculation value of b, the river width in
the section with the lowest flow velocity is takea (Chapter II, §5). Where
obstructions create backwater, the variations in the depth and in the flow
veloeity along the stretch are smoothed out and the flow velocities and the
time of advance of the ice cover from a bridge to a given place decreases,
Therefo in the case of a considerable buckwater on the river areas of
storage reservoirs (forebay), it is possibie by means of (6.11) and (7.11) to
ermine the date of the beginning of stable ice in any place, using the mean
flow velocity in the cross section in this place. This, obviously, does not
refer to stretches along which a considerable difference in the depths (s
maintained with the given flow velocities in places of comparatively small
depth.  Such conditions may exist, in particular, in the headwater region
of storage reservoirs closest to the zone of the upstream limit of the
backwater level or, for example, when the backwater level covers a stretch
full of rapids. In these cases the beginning of stable ice 18 calculated in
the same way as for rivers in natural conditions (Chapter 1I, Part B, §4)

de

£ 2. Determination of the quantities necessary for
calculating the beginmng of ice formation

a) Calculation water area, With considerable stream floas the length of
the predicted stretch is determined from the forewarning period of the
calculation or of the forecast and from the flow velocity

It should be borne in mind that when determining the flow velocity and
the mean depth 1t 18 not necessary to use 1n the calculation the whe water
arca on this stretch, It is recommended to exclude the areas of shallow
waters which are separated from the central part of the given river area
of the storage reservoir by emerging, or even only by submerged bottom
ridges

If there 1s no considerable stream flow, when dotermining the boundaries
of the water arca necessary for the calculation we should use the fact that
in diffcrent parts of large water bodies an ice cover may form at different
times — in accordance with their different morphometric characteristics
and meteorological conditions,

For the beginning of ice cover formation in cach considered vegion of a
lake or storage reservoir, and if observations are conducted from the shore,
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Aecessary to have measurement data along so-cailed profiles or at least at
several points ng the width of the nitial cross section or on the water
area under consideration,

If such measurements do not exist, the value of 8 can be calculated by
the method described in § 3. It should, however, be remembered that one
should strive to organize |routine| measuremoents of the water temperature,
This considerably reduces the amount of calculations, a fact of great
importance in preparing short-range forecasts

The calculated forewarning period for the forecast of the time of the
beginming of ice formation may exceed the actual forewarning period of the
forecast. In this case, observed meteorological data are used for the periaod
from the date of the beginning of the calculation (from the date for which O
is taken) to the date of the preparation of the forecast,

Lengthening the period for which the calculation is carried out is
desirable when the data of water-temperature measurement, according to
which By is taken, are not sufficiently representative, or when 0y is
determined by calculation

The number of days of the calculation period can be determined from

-
B = —‘.E'f (4.1

where A® is the permissible error in the calculation of the water
temperature for the day of the beginning of ice formation (0.); A0 is the
typical error of the determination of 8y; for ag (see (1.111))

¢) Time of flow (travel) from the initial to the calculation cross section,
The calculated forewarning period for the forecast of the beginning of ice
formation for a large stream flow, as indicated above, is equal to the time
of flox ¥ from the initial to the calculation cross section

For rivers the time of flow can be determined by the method of
corresponding stages (Chapter I, Part B, § 2b)

For storage reservoirs the time of flow should be known in calculations
of the beginning of ice formation in such river zones where considerable
river flow is observed, However, under conditions of storage reservoirs
in river stretches, the corresponding stages are insufficiently determined,
Finding the time of flow from corresponding stages is impossible there,

The time of flow on such stretches can be determined from the mean
velocities ©y in characteristic cross sections along the river stretch. The
mean cross sectional velocities are determined, in the absence of data of
direct measurements, by dividing the water discharge Q by the cross

sectional area wy
U= -g‘-.

(5.111)

The magnitude of @ for the upstream (river) zones of storage reservoirs
can be taken equal to the water discharge in the so-called inlet {upper)
gaging site of the reservoir,

If considerable flow velocities are observed in the lower part of the
reservoir, then there, in the absence of direct measurement data, the
velocity ¢y can be determined by dividing the water discharge through the
hydroelectric station by the cross-section area under consideration,

The values of @i can be determined from the bathymetric chart of the
reservoir for different water levels. The datum line in a given cross

n2

section, in the absence of & gaging site, can be determined by interpolation
hetween neighboring sites or from backwater curves

The time of flow from the initial to the calculation eross section for a
g:ven discharge and stage, is determined from

~
[ 1K L)
= Yt
a=

N
15
,r-z," sa 1)

veen the indicated chiuracteristic
ime of flow

or

het

th segment, T 1S the

shere N ois the number of path segme
cross sections; [ 1s the length of t
along the (-th segment.

We then determine the time of flow along vach path segment

.
1+
d from (6 111) for different discharges and
» relationship

= f(Q. H). (7.110)

whore M is the river stage in the upstream area of the reservoir

Figure 37a gives such a dependence for the time of flow from Cheboksary
to Verkhnyi Uslon on the Euibyshev orage reservolr (§5)

If a considerable part of the distance L from the initial to the calculating
cross section is on an undammed stretch of the river or on a dammed
stretch in which the particular channel-flow character 1s maintained, the
time of flow for this stretch 1s determuned, as for a river, from the
corresponding stage

The total time of flow T, is determined in this case as the sum of the
time of flow along the river and of the time of flow along the rvolr

d) Mean depth, The mean depth A of the water area used in the
calculation is determined as a function of the stag- N

k= f(H). 18111

In order to obtain the above relationship, the volume curve ve=f(H) and
the area curve Fmf(H) are plotted for this water area
The value of & in (8.111) 1s found from

With the valucs of %, calculs
stages, it is possible to obtain

.2_}'.. (@.111)

The value of A can also be determined by drawing cross sectional
profiles in characteristic ces of the water arca used in the calculation
(or of the streteh used in the calculation when there s sln...m flow

If along the stretch involved in the caleulation the mean depth varies
considerably, the stretch should be divided into parts within which depth
averaging cannot lead to an additional error in the calculation of the time of
the beginming of ice formation,  In pra 4 streteh cannot be divided
into parts if the total variation in the mean depth amounts to less than a
factor of 1.5

13
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Fie mean depth on dammed-up river stretehes in the case of small
buckwate ¢ 18 determined according to the indications given in Chapter I,
Part B, T 2¢

¢) The coefficient of heat input from the water mass to the water-air
interfuce (coefficient of heat transfer @, coefficient of heat input @a). The
cocfficient of heat transfer @ is determined, as for rivers (Chapter I,
art B, § 26}, by (251)

a = (17450 4 106w)cp cai/cm® day degree,

where ¥ 1s the mean flow velocity during the calculation period on the

reservoir length used in the calculation, in m/see, @ 1w mean wind
locity at the height of the vane during the calculation period in m/sec; €
d P wre the specific heat and density of water (€p is taken equal to
3

o fegree)

The

mean flaw velocity o is determined by dividing the caleculation length
f the reservoir L oby the time of flow % (see subsection c)
e (1011
[
Ths efficient of heat input @g is also dejrmined by formula (25 I

However, in this case, the flow velocity is taken at the closing (calculation)
site feross sections and the wind velocity in the same region at the ime for
ated,  In the

shich the probability of the beginning of ice formation 1= cale
case of 4 calm, the wind velocity is assumed equal to 0.5 m{sec

f) The parameters d and k., See Chapter ], Part B, § 2¢

g) The specific channel heat input (¢§=¢,+4¢,+9 ) For lukes, as well as
for storage reservoirs in periods whenthey are not discharged, itis
48 a rule, to neglect the heat-ekchange component @, (the specific

1 the groundwater) as well as the heat exchange component g,

(the spect put due to energy dissipation).  The quantity @ is there-
fore taken equal to the specific hoat input from the niver boftom, @,
Cale values of g o given in Chapter 1, Part B, § 2 (Table 6)

For the upstream (river) stretches of storage re voirs when the

poOsS

heat |

hockwater is comparatively emall it (8 poasible o taks
9=g,+mq,, (.

shere mois a factor smaller than unity, whose exact value has not heen

stigated. [t can be taken approximately on the basis of a linear

erpolation from unity, at the river at the end of the backwater area, to
beginning of overflow (bank flow) up to the basic shores of the

zero at th

river valley
Foar the values of g, see Chapter [, Part B, €2
h) The specific heat transfer of the water surface to air, B,, Th¢
ude of By is determined from (27.1) as the sum of the thermal
nts ot evaporation, LE, of exchange P and of effective radiation Jy
(a1 a water-surface temperature equal to 07)

8._w+p+’rll-

rhe magmtudes of LE, P, Iy can be cetermined from (2000), (22.1) and
(23 1) (see Chapter I, Part B, §1)
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The magnitude of By can be determined with suflieient acenracy also by
means of nomographs (Figures 4 and 5) (see Chapter 1 Part 8, ¢ 3 {
In the case of a calm, the wind velocity 1s taken equal to 0 3m/sve |

§ 3 Method ot calculating the initial water tempe raturs

In cases when there are no data of wat
when these measurements are conducted only at shore station e fngtia
water temperature O appearing in (2 1) and (31111 can be caleulated by the
methods deseribed below

If the daily wir temperatures are used in the caleulation O can b
calculated fron

LM raure moasaren 1% iy

y
y e o] ~ (=14 114 d (s k) g .
8= X [gem e g im N+ . a2m
=1
where Mg 18 the number of days ipreceaing the da for at g
determined) whose sir tempe ares (and other ¢ S4are troduced
in the calculation, for the rest of the notations see
In this case fg 18 determined from
.
8 —
(=4 R)hep ig
- B R
Mo (TETTY .

where 00 is the water t crature at the be g of witod Mgl ¢
is used for finding flo; Afp is the permissible crror in the dotorminaton

the value of 8® is unknown, a diff:culsy arises al " ¢
Mg by (13111}, This can be overcome by adopting an osagaerated w forx
0e® In this case, a someahat exageera hratned il S for 1)
n he amount " '
i But the cale Hon « s From et

ows that overestimation of Ay due to vve postimat
smalil

of formula (13 HI) it fo
IS compal alive

The caiculation of ¥ by (12 111) is | ) wd f \ g
® from the mean air tempe rature fing p d Lengtl 1
Ny days) is therefore recommended
-
3
By ——- ERIIT

e number g in casvs when the moean depth does not exceod Gm s
determined from
24 2(a + 0) g +
1) okre

(15 1

Inittially the vaiue of g 1s found to o first approximation from Figure 15
Fhis m APProxim e values of the

s 1t possible 1t

parameters invowved in (15 111
In cases of larger dept the value of ag found from (15 1D os carpes ted
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(by trial and error) by the equation

Froidag (e )asi-v-4-

— &
—E—%'—-ﬁ+(—?—+l_'—"-)rllt""=o, (16.111)

a
P
where §==d—.
In equations (15.011) and (16.111) § 15 the air-temperature fluctuation
during one day (degrees/day); in the case of a general drop of the air
temperature 8§ 1s negative, For the rest of the notations see above, as well
as $1

100

00 /
&0| e 2

20
& %00 600 800 1000 1200 100 1800Acm
L]

FIG!RE 5. Mg vs. the mean depth K.
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However, with an accuracy sufficient for the caleulation of O, 8 can be
determined also more simply by drawing on a time graph of the mean-
diurnal temperatures, a straight line of the general (averaged) air
temperature variation (Figure 36),

The value of my is corrected (by trial and error) by means of equation
(16 111} as follows, The value of mg, determined from (15.111), as well as
the numerical values of all the remaining quantities involved in equation
(16.111), are substituted in the latter equation, The values n obtained on the
left-hand sude of the equation in the general case differ from zero, and may
assume positive or negative signs (in degrees). If a positive quantity is
obtiined, the number Ay is underrated, whereas a negative quantity
indicates that the number my is overrated

1f a positive quantity is obtained, a value of ng larger by a unit is
substituted in the #quation and 8o on until the left-hand side of the equation
becomes negative  The value of Ay used in the calculation is that which
gives in the left-hand side of equation (16.111) the least deviation from zero
«ither positive or negative

The procedure is similar when a negative quantity is obtained in the left-
hand side of equation (16.111) But in this case smaller values of g have to
be substituted in the equation

20
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FIGURE 36, Mean-diurnal ait temperature according 1o the Tilnkoya
ical station, 19

meteo:

It should be borne in mind that since we assum+ an integra! number of
days, the left-hand side of the equation may vamsh or
of an appropriate combination of the values of the g oived in
(16 111). In general, the left-hand side of the cquation vamshes for o
fractional value of ng.
The correction of the value of ag (by trial and error) by vquation (16.111)
can be shortened when a value g=¢ 0,20 - + 0 30" 1= obtained,  In this case
to obtain the required value of Og the rresponding value of g should be
added to the value of 8 in the last calculation conducted with equation (16 _111)
The value of 8y can also be determined from

a
(]

a.=.+l;-+T‘+_-—_“h"t:' " (18.111)

ly in ver

Fare Cases

tities ar

where np’ is smaller than my for the same conditions, It is therofore
expedient to use (18,11} when for some reasons ot 38 desirable to shorten
the period of averaging the air temperature.  In particalar, this formuia
can be used when the value of § 18 determined graphic
at the beginningof the period fl (in its early part' und for the rest of the
period the nature of the general air-temperature fluctuation s d fferent

Hy in cases when

-
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The number ay is determined, in this case, to a first approximation by
" 2%

M, O e
® ™

(19.111)
Then it s corrected by trial and error according to
=~ - s _3_ & _ (s+hg
”"‘(T‘.TFE)“"’[""‘ T e T

+(—',‘—+ = ):l]r'h. (20.1m)

1—e S

The value of Ay’ is correcied until the value of Afy is a minimum (sce
above concerning the correction of fig by trial and error according to
(16,110},

¢ 4. Example of calculation of the beginning of stable ice
cover on stil]l water

Lot us calenlate the heginning of stable ice on l.ake Chudskoe (Lake
Peipus) in the Kodavere district in 1954,

We determine the boundaries of the section of the lake involved in the
cileulation for the given region according to the indications of § 2,

The meteorological data is taken from the nearest meteorological station
Turikoya, situated 30km to the north-northwest of Kodavere, on the lake
shore

+ existence of measurement data for the water temperature is checked,

We find that there are no data of measurgments far from the shore,
vhere the depths are characteristic of the given water area of the lake, and
also that the water temperature measurements conducted at the gaging site
on the shore cannot, in this case, characterize the mean water temperature
of the given part of the lake, Therefore, the initial water temperature O
is calculated

When choosing the date for which the value of % will be calculated, the
following instructions are taken into account (cf. § 2):

a) 1t is desirable to choose the date for which # is determined such that
the air-temperature fluctuations up to this date do not complicate
simple graphical determination of the mean rate of the general temperature
drop (8Y,

b) The date of 8y should be chosen so as to provide a sufficient fore-
sarning period for the forecast and reduce, to some minimum, the error
in the calcalation of the water temperature for the assumed day of the
beginning of stable ice cover; the error isdueto the fact that 8 is calculated

From Figure 36 we find that on 16 November not only did a negative air
temperature begin, but at about this time an abrupt change in the tempera-
ture curve occurred.  Until 16 November the air temperature generally fell,
though with considerable fluctuations; the mean rate of fall was
considerably smaller than in the subsequent period.

On the strength of the above and in accordance with the course of the air
temperature (Figure 36) we determine the value of 9 for 15 November.

1ox

The value of O (in accordance witn (14.111)) is taken equal to the mean
air temperature during some preceding period of mg days

We determine the approximate value of ng from Figure 35

The mean depth of the given part of the lake can be taken from tne graph
of h=f(H) and is equa! to about 820 cm (the water level in the lake in the
given period varied within narrow limits).

For a depth of 920cm we find mg=60.

Let us calculate the value of mg from (15,111

2« 2+ &) 2~ "
Lt el e

bt
where a.-m- .

The values of k, B, d, &, @ and 8 are determined for a period of 60 days
from 17 Scptember to 15 November,

For the mean depth B we find a value of 921 em.

The mean air temperature @ during the period from 17 September to
15 November is found to equal 6.2°. The wind velocity is taken equal to the
mean value for the autumn cooling period (5 m/see, Figure 2)

From Table 3 (for 0=6.2° and @=5m/sec) we find R=45cal/em? day
.degree,

For the mean value of d during the calculation period we find, from
Table 1 (region 1) (for the geographical latitude and the date of the middie
of the period — 17 October), the value 47 cal/em®. day.

The value of the heat-transier coefficient @ is d

e — (17450 4 106w)¢cp.

For a wind velocity @=5m/sec (the rated value) and a flow velocity equal
to zero, we obtain @=530cal/cm’. day - deg From bie 7 we find, on
the average, for the calculation period @y=18callem®. day,

In order to determine the mean rate 8 of the total air-temperaturs
variation we draw, in Figure 36, the line of the toral (averaged)
temperature drop, We obtain §=-0.15dogree/day

L.et us calcuiate the values of @g and €% involved in (15.111)

rmined from (25 1)

bt 530.45-1 "
%= Wik Gormui 00

% =" =095
(see Appendix 1),

Substituting the values found in {15,111), we obtain
. 2.47 _ 2000 +4518 2-09%
@ 1-(—015)  590-45(—015) T i—0%h

=139 4 5.8+ 43.4=63.1.

Let us correct the value of @y by equation (16 111).
L (s+h)g ny Ciffted
—_ Ty . +
¥ @ 2 I—e % -

_)u] e~ 0

ﬂ.=-

& s ditheult to chrathe value of 8 by a cimple graphical comrootion, v hould be caloatared fom
(ram
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We determine the values of the parameters for a period of 63 days (from
14 September to 15 November). From the tables and graphs indicated in

the previous calculation we obtain: k= 921cm, 0=6.4°, k=45 cal/em? day .

degree , d=351 calfem? day, @,=18cal/cm’. day. The value of @ remains
as before, i. e, , @=530cal/cm? day - degree. The value of 8 2lso remains
as before (=015 degree/day).

The water temperature 0* at the beginning of the considered period of
63 days, is taken approximately equal to the mean air temperature during
a period of the same duration preceding the considered one, i.e., during
63 days from 13 July to 13 September. We obtain 0y*=15.4°

We have

akt 530-45-1
%= Ginia = GR+H) a1 =00

e N =¢"""=0956, e " =¢ %0058

Substituting the values obtained in (16.11I), we obtain
SN (8 ) ot
+[154-64- 35 - g L

+(_';l +=ows) 1 (- 0.15)]o.osa=o.os'.

The fact that the result is not zero, but + 0,06°, means that the mean air
temperature during the 63 days (6.4°) gives a value of ® underestimated by
0.06° For such a small deviation from ®ero, further correction of Ay is
unnecessary, The valueof 8 is obtained by adding the value of Afg
obtained from equation (16.11I) to the mean air temperature during the 63
davs  Rounding off to fractions of a degree, we have =64+ 0,06°=6.5°
(at the end of the day of the 15 November),

A negative mean-diurnal air temperature (according to the Tiirikoya
mete srological station) began in 1954 on 16 November and was maintained
until the beginning of December without sharp fluctuations (Table 24).

Bearing in mind that the most favorable conditions for the beginning of
ice formation are low wind velocity and low cloudiness, we check the
possibility for ice to form on 22 November (at 7 hours when the wind
velocity was | m/sec, and cloudiness No, 1)

Since the calculation period is short (16-22 November) and fluctuations
in the air temperature during this period are not sharp, we carry out the
calculation by means of formula (2.111) 1n which the air temperature is
averaged for the entire calculation period

e [gy 4 4 =40 — e, 5,
Bt +[’+T+—TE](I—¢ )C—f-
The number a will be 6 3 (the calculation period af from zero hours on
16 November to 7 hours on 22 November),

For the mean dopth during the calculation period we obtain 941 em from

the graph h=f(H)

1o

The mean air temperature is ?—-2.3'. the mean wind velocity W
=4.3m/sec (Table 24).

TABLE 24, Metentological data according to the Tiirosoya station, 1344

Air temperature wind veloeiry, mAee wree of ci o
Date
1h. | Th 13h. | 19h, | Mean lh‘lf h.ji7h b"ﬁ Meanfl b Th. L hJ19n,
November

1L 201—02 421 28 22 4| 1( 4| 7| 40| B 2|10
15 3 24] 2.5 2 2.6 10|10 4] S| 72{10|10|10] 10
16 05—1.2] 0.71—1.4/—-04f S| 4] 3| 2| 35(10110| O} &
17 |-28—29 04 06—1.21 2| 2| 5| 4} 3.2 811010
18 [ 0.4 0.1}—-0 00 2| 3| 3| 5{32(10{10(10]10
19 —1.81—2.4|]—2.1|—-4.51-2.7| 5| 7| 5| 6] 5.7/10] 10 10
2 |-3.3-3.8-4.1-35-37 6/ 7| 6| 5| 6.0/10/ 101010
2 —3.01—2.0]—4 8| —6.H—4.2] 5| 4| 4| 4| 4.2]10{10] 7|10
22 |-44|-88-60—64—64 5| 1| 1| 2| 2.2{10| 11010
23 |-4.9-6.5-—29%-4.5—4.7 3| 2| 4| 7| 40/10{10|10]| 10
4 —4 6.4/—6 381163 7| 7{10|12] 90ft0] 10| 10|10
25 |-59-57-—52-3.61—51| 14| 14| 12| 12|13 0/10| 10 | 10| 10

2% |-5 8.0{—7 41—7.51—7 0| 12| 10{ 12| 10j11 O|10] 1| 2
2 —8.91—9 8|—6.81—4 7.6/ 10) 14| 12| 14§12 5| 0] 1| B| 10
8 -3 4.9—-6 !lJ-—S‘l —5.0] 12| 12| 12| 14f12.5{10{ 10 | 10 | 10
29 |-3.7}—-3.00—2 0f—4 6]—3.3| 12| 14| 12| 12|12 5|10{ 10|10} O
3 |-6 1.5(—7 1]—-5 7|—6.6| 12| 12| 10| 10f11 0| Of O} 1}10

Deceinbes

1 —5.11—3.4]-4.7-3 4.2 12| 12| 12] 12|12 0 “,L’ Ll‘l 10

From Table 3 we obtain R=40cal/cm’. day . degree; from Tables 1 and
2, d=gGcal/cm® day (region 1); from Table 7, gy=21cal/em® day. From
25.1)
a=106-43.1 =456 cal/cm® day.degree.

We obtain 63-456-40-1 s
nay= G vy T = 0-246;

e =" 078

Substituting the values obtiined in the left-hand side of the inequality we
obtain

6.5:0.78+ [~ 23+ 4 + LG G0 — 078 =472,

Let us determine the right-hand side of the cquality, i e., the value of

— f—' for 7 hours on 22 November, The value of B, 1s found from
2

equation (11.111) B,=LE+P41,

with the aid of Figures 4 and 5 We obtiin: LE4Pe=-115cal/em’ day (for
O=-8 8° and @ =1 m/sec, Table 24). Jew=-188cal/cnm® day Hor @=-8 8
and Nom1, Table 24); Baywm <115-148 = =303 cal/em® day
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For v=0.und @w=1m/se
=106calle day degree
For the might-hand side of the equality we find

we obtain from (25.]1) @,=106-1.-1=

5, __ -m
o A =2.86".

s, on the left-hand side of inequality (2.11), which gives the mean
temperature in the considered region of the lake, we obtain at
urs on 22 November 4.72°,  and in the right-hand side, which gives the
an water temperature at which the beginning of ice formation on the
irface 15 possihle, we obtain 2,86 The left-hand side 1s larger than the
i side,  Consequently, on 22 November ice formation on the
part of the like 18 impossible,
»t days (Table 24) cloudiness increased, the wind veloeity rose
ned =0 did the air temperature, Therefore, since on 22 November the
str-sand side of the incquality was larger than the right-hand side by
titnest 200 se consider it inexpedient to predict the probability of the
henmng of ice formation for a day earlier than 27 November,

It us check the possibility of ice formation to begin at 1 hours on 27

\ v vhen, according 1o the meteorologigal data (Table 24), conditions

ireomore tuvorable for the beginning of 1ge formation,
Ao caleulate the left-nand side of inequality (2.111) for the end of the
miner (the beginning of 27 November).,
e nitial water temperature s we use the value obtained above for
on 22 November,  The number a will in this case be equal to 4.7

Yeeording to the data and methods indicated in the previous calculations

obtaine R=%50cm, B= -6.0°, w=18.2m/sec, @=869 cal/cm?. day . degree,
k=36cul/ecm’ day.degree, d=-10cal/cm’eday, @y=21cal/cm?. day

We obtain

I the

__ AT-B69-56-1 - - __
na.._m=0.ﬁl, e =¢ =0.77.

Substituting the values obtained in the left-hand side of inequality (2,111),
ve obtaan

- 10 {869 + 56) 21

!t us determine the right-hand side of the inequality, 1. e., the value of

. dorlheurs on 27 November

Voo dotermine the magnitude of B, from equation (27.1)
B,=LE4+P+Iq

v the aid of Figures 4 and 5. We obtain: LE4P=-490cal/em? day (for
G oand w=10m/see), log = -200calfem?. day (for @=-8.9° and No=0,
B.=-310-200= -£90cal/cm? day,

For p=0.und w=10m/sec we obtain from (25.1) aa=1060cal/cm’. day -

Fhiee value of the right-hand side of the inequality is, therefore, —%—=

—-690
~ 7o <"

12

The left-hand side of the inequality (2,297) 18 warger than the right side,
Consequently, ice formation also cannot begin at 1 hours on 27 November

From the meteorological data (Tuble 24) 1t can be concluded that ice
formastion will not begin in the nearest ume either; the vind intensified and
the cloudiness inereased, and after 7 hours on 27 November the air
temperature also rose,

This appearance of the clouds and a dropin the air temperature (with the wind
velocity remaining high) began at the end of 29 November,

l.etus check the probability for ice to form at 1 hours on 30 November, We
calculate the left-hand side of the inequality (the mean water temperature)
for the ond of the 29 November.

For the initial vater temperature () so take the value obtained by
clacutation for the ond of 26 November 5 We have A=3

i rom the respective graphs, tabies and formulas (see above), for the
period from 27 1o 29 November we obtain: B 050 w=125im/svc,
k=73callem®. day - degree, d=-25cal/cm’ . day, ge=1calfem’
325caifem?. day - degree, nag=".231, e =070
For the left-hand side of the ineguality we obtain

229.0.79 +[— 83+ 5 + U RT]0 - 079 =06y

Ne determine the right-hand side of the inequaaty from the meteoroio-
v« datafor | hourson 30 November (for @=-6.0°, ®=12m/sec and

We obtain: from Figure 4 LE4+P==415cal/cm’ duy, from Figure
5, Befp = -172cal/em?® duy, Bam=415-172=-587cal/cm® day. From

(25.1) we find Ga=1272 c.‘l/cm‘"-chy sdegres For the right-hand side of the
inequality we obtain

Tiwe left-tand side 1s larger than the right gide of the inequality.  lee
formation cannot begin at 1 hours on 30 November,

At 7 hours on 30 Novemt a further drop in the air te
recorded,  We repeat the ¢© lation of the probubility of jcve
7 hours, For the initial water temperature we take the value obtained by
culculation for the end of 2% November (0,69 The number # will be equal
t5 0.3, For the ume interval from the beginming of the day to 7 hours
on 30 November we obtain: A=450cm, 8=- o w=12mjsee, A= -
Jem® . day . degree, d==22cal/c m?. duy, @ =17 callc m day, @=12
fem? day . degree, Nag=0,02], g =g =0 45

For the left-hand side of the inequality ¢ obtan

069098 + (- 6.8+, + L0 )i — 058 =05,

mperatire 88
to form ut

or, rounding olf to tenths, 0.5
Let us determine the right-hand side of the tnequatiny. From the duta
for 7 hours on 30 November (0=-7.5", @w=12m/sce =0 we find
LE+P=—-500cal/cm® day (Figure 4), fyr = =183 000/ duy (Figure 5,
Ba=-500-188 = -683 cal/cm® day, @a=12720cul/cm day. We obtain
— 2 g =05,

or, rounding off to teaths, 0.5
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The right-hand side is equal to the left-hand side of the inequality *
Thus, we see that ice may begin to form on the surface of the considered
region of the Chudskoe Lake on 30 November. Since there is no stream flow
there, an ice cover on this part of the lake should form on 30 November,
According to observation data at the Kodavere gaging site an ice cover
formed in 1954 on 30 November,

§5 Example of the calculation of the beginning of stable
ice on a river with a considerable stream flow

Calculation of the time of the beginning of stable ice
on the Kuibyshev storage reservoir at the Verkhnii
Uslon. As initial cross section we take that at the Cheboksary gaging site,
situated 133 km upstream from the Verkhnii Uslon,

Here a fairly high flow velocity 1s maintained, which amounts during
’PL, depending on the water discharge, to about from 0,20 to 0,70 m/sec,
The water temperature is measured at a steep shore, in a place with a
depth characteristic of thys part of the water reservoir. We assume that
in these conditions the water temperature nfeasured at the Cheboksary
gaging site is so close to the mean in the cross section that taking it as the
initial temperature (f#g) does not introduce an additional error in the
calculation of the time of the beginning of ice formation at the Verkhnii
Uslon,

For the calculation, in addition to the initial watertemperature and
meteorological data, it is necessary to know the time of flow t. from the
initial to the calculation cross section, jhe mean flow velocity @ and the
mean depth A on this part of the reservoir, the flow velocity v and the
vidth & in the given cross section (at Verkhnii Usloni,

All these quantities depend on the backwater level / and on the water
discharge Q, which varies here from year to year within wide limits, In
order not to calculate these quantities in each calculation of the beginning of
ice formation and the beginning of stable ice, the graphs t.=f(H, Q).
o= [(H,Q) and A=F(H) for the stretch and v=[(H, Q) and d=f(H) for the
calculation cruss section.are plotted,

I's obtiain these graphs on the Cheboksary- Verkhnii Uslon stretch of the
rvoir 27 cross sectional profiles of characteristic cross sections
luding the imitial and calculation ones) were drawn,

For each cross section (@) the values of A; were calculated for several
sater levels, and for the same levels and several water discharges the
es of By were calculated,

The time of flow t. for each of the indicated water discharges and levels

xas caleulated from (6,111
N
b
GtV *

i=1

#
(in

val

=

From the thus obtained values of 1. the graph of %, vs. M was drawn
for several values of Q (Figure 37a).

* A calcddaton for S0 Newember 13 howrs gives 0.41° for the lefi=hand side and 0.54° for the right=hand
“ide

14

The mean flow velocity © for a given water level and discharge was
determined as the quotient of the distance L between the initial and
calculation cross sections to the flow time %

L
Q= -
The values of ® can be determined from Figure 37h
The mean depths on the stretch were calculated for several water levels

N
‘EI [a(hi-a+ 20
=
h=
The value of h can be determined from Figure 37c
A number of values of the mean flow velocity in the cross section at
Verkhnii Uslon for different water discharges and stages were aobtained hy
dividing the water discharge by the respective cross sectional arca. /
graph was drawn on the basis of these data (Figure 37d), from which
possible tofind the mean flow velocity inthe cross sectionat Verkhnii Us
The values of b for the calculation of the beginning of stable ice ar
determined from Figure 37e,
L.et us calculate the time of the beginning of ice formation and of th
beginning of stable ice in 1960
From Table 25 we find that favorable meteorological conditions for the
beginming of ice formation existed on 25 October at 19 hours, when at an
air temperature of -5.4° the wind veloeity fell to zero, and cloudiness
was of point 3.¢
I.et us check the possibility for ice to form at 19 hours on 25 October,
L.et us determine the time of flow ¥ on the Cheboksary= Verkhmi Uslon
stretch,  In the period under consideration the water stage in the reservoir
was close to 51.7m, and the water discharges were close to 1700m?¥ sec,
From Figure 37a we find that for these values of H and Q the time of flow
is T. = 10days (round-d off to a whole number).
l.et us correct the values of H and @ We obtain a mean value of i
during the 10 days from 16 to 25 October equal to 51.7m,  The value of Q
at Cheboksary on 16 October was 1730m?/scc. The values of H and Q
remained unchanged. Consequently, the value of . also remains 10 days
The calculation period af is equal to the time of flow T (10 duys)
We calculate the beginning of ice formationby means of inequality (2.111)"

by*

0 u_:'f‘v.-?+(i+ £+ %)(1 - e't-:"--)g—-"_f.

ring the mean depth (for the calculation of the =ater temperature) *he
ould be weighcd not with respect 1o their le 1. but with respect 0 the
nula should be used

* Rigoowsly speaking. when dete
depths of individual wgment
corresponding ime of flow T, In this case rhe follow:ng feon

N
2 [(h-r+8)n)
l=2'.'_.F___

Buth formalas @ive very close revalty ¢

*® [Both in Rusian and Amenican teominsiogy full o srefer to a thy co o ed by cledy
(degree L on the Amenican soaie of 10 on the fusian seale). Thus we speak of cldinr W lor N j=0%
in the Amencan terminology. and of cloudiness of 110 n fussian teminology |

t In cases of sharp fluctuations in the air temperature fro he beginming 1o the end of the calculation penod,

mare reliable resulis are chtained by using (LI in <hich the a1 *ompesarure s oot averaged over the

whole calculation penad, bat over days.

s




weordance with the time of flow we take the initial water temperature
from the messurement at 20 hours on 15 October at Chebossary as 9p=7.9°
{the water temperature is measured at 8 hours and at 20 hours),
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The mean depth & on the stretch for a stage H=51.7m (from Figure 37¢)
1s equal to 6,.90m,

According to § 2g, we take for ¢ (by interpolation between the values
for the river part of the reservoir and for the reservoir itself) a value of
30cal/em?: day,

The mean value of d for the calculation period is found from Table 1
(Figure 1, region [l equal to Q&rallt‘,mz-day.

From Table 3 (for i--z,r and w=5m/sec) we find l‘-43cal[cm'- day -

degree,

L.et us determine the mean flow velocity on the stretch, From Figure
37h, for H=51.7m and Q=1700m?%/sec we obtain v=0.16 m/sec. We
determine the coefficient of heat transfer by (25.1).

a=(1745"0.16+106.5).1 =810cal/cm?. day . degree,
For the quantities ngy and ¢-%* (according to Appendix 1) we obtain
10 - 810 - 43 - — .98
Rd.=WW —-0590; [4 -‘=l = 0.554.

Substituting the values obtained in the left-hand side of inequality (12.1II)
we obtain

7.9.0.554 + [— 214 _3_ ~ (u::l:g;“’ (1-0.554)=

=438+ (—2.141.0540.74)0.446 = 4.38 — 0.14 = 4.24° = 4.2°.

I.et us caleulate the value of the right-hand side of the inequality for
25 October 19 hours, The magnitude of B._ equal to the sum of the rates
of heat iransfer by evaporation LE, turbulent exchange P, and effective
radiation Ly, 1s determined by means of thegnomographs (Figures 4 and 5).

For the values observed at 19 hours on 25 October in Kazan' @=-54°,
w=0 (for the reservoir we take @=0.5m/sec), and Ny=3, we obtain
LE+P=-65cal/cm? day, ly=-130cal/cm?® day, Ba=-65-130= -195cal/
fem®. day

The value of @a is determined from (25.1). In this connection we find
thit flow veloeity in the given crogs geetion (on 25 October) from Figure 37d
for H=51.6 m and Q= 1700 m¥/ sec.

We obtain  v=0,12m/sec, -@a=(1745- 0,12+ 106 - 0,5) 1=253 cal/cm?®

B . _FF =008,

-day . degree, —

It left-hand part of the inequality (4.2°) is considerably larger than the
right-hand side (0,87), Consequently, ice cannot form on 25 October,

From 26 to 29 Octoher a relatively high air temperature prevailed with
clondiness of point 10 (Table 25). Since for 25 October the left-hand side
of (2.[11) is so much greater than the right-hand side, we assume that under
the indicated meteornlogical conditions ice should not begin to form in the
perind from 26 to 29 October, More favorable conditions for the beginning
f iceformation existed in the evening of 30 October, when by 19 hours the
rature fell to =9° and the wind velocity to 2m/sec; also there was
no low- 1 cloudiness while the total cloudiness decreased to point 8,

l.et us calculate the possibility for ice to form at 19 hours on 30 October
from (2.111) similar to the calculation for the 25 October.

air tem

(AL}

We obtain on the left-hand side 1. 4° and on the right-hand side 0. 6°.
In this case, too, the left-hand side is larger than the right-hand side,
Therefore, also on 30 October ice formation cannot begin,

We see from Table 25 that on 31 October (from 1 hours) the air
temperature was positive at 13 hours and at 19 hours, the wind velority
rose, and low-level cloudiness developed (No, 10), On the next day, on
1 November, the air temperature was comparatively high (from -3 to
-5.3%), the wind velocity rose to 7-9 m/sec and continuous low-level
cloudiness was maintained,

We assume that under these conditions ice formation could not begin on
31 October and 1 November,

More favorable conditions for the beginning of ice formation existed at
1 hours on 2 November, when the air temperature fell to =9° and the
cloudiness decreased to 10/0, although a relatively high wind velocity was
maintained (Tm/sec),

L.et us repeat the calculation of the possibility of the beginning of ice
formation at 1 hours on 2 November

From Figure 37a for Q=1700m?/sec and H=51.6m, we find ¥.=10 days,

As the initial water temperature we take that measured at Cheboksary at
20 hours on 22 October, Og=m3,1°

We determine the mean air temperature and the mean wind velocity
during the period from 23 October to 1 November, as indicated above, from
the data of the meteorological stations Cheboksary and Kazan'. We obtain
O=-4.2°, @w=4.2m/sec,

From Tables 1 and 2 we find d=32+2=34caljcm. day,

For 8=-4.2° and w= 4.2 m/sec we have from Table 3, km38cal/em?®.
+day - degree,

For p=0.16 m/sec and w=4.2 m/sec we obtain from (25.1) for the heat-
transfer coefficient @ the value 724 cal/em? day . degree

Substituting thesc values in the left-hand side of inequality (2.I1) we
obtain (the water temperature is taken for the end of 1 November)d, B1%=0_8°

l.et us calculate the right-hand side of the inequality (for 1 hours on
2 November from the data of the Kazan' meteorological station, Table 28),
We determine the magnitudes of LE+ P and Ly from the nomographs
(Figures 4 and 5). For 8=-0.0°, Ng=10 and @=7m/sec we obtain
LE4+P=-375cal/em?® day, ler=-80callcm? day, A =LE+P+/ =
=-455calfem?. day, Formula (25.1) gives for p=0,12m/sec and @=
=Tm/sec, Bp=4943 cal/em?. day .degree, We obtain, for the right-hand side
of the inequality,

B,

25 =0.48°=05"

The left-hand side was 0.3° larger than the right-hand side of the
inequality. Consequently, ice formation cannot begin at 1 hours on
2 November

fie w et e the

right=hand side of the ineq
account in the caleulanon

¥ would not be (arger than
can be checked by det

5 wer taken info
sude of Bogg By 2010 There

18 no need for this in the given case, since even for Ny m0 the value of = =% iy equal only 10 0.6°
L
-

(hegr = =225cat/cm? - day from the nomegrapt)
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(21.110)

2) the relationship between the cri al wir temperdature, necessary for

the beginning of stable ice, and the wir
6, = f(w) (22.111)
On the graph of relationship (21.111) the point (8 ZO_) s p.otted for
ecach case of stable ice, the value of Z8. being summed from the time when
mperature passes through 0° to the beginming of stable e
+)

1 velocity

the air
(inc
The dependence (22.111) is derived as tollows,
For ecach case of stable ice cover the recorded date of (Z0.)
mined from (21.111), is found from the observation data of the
meteornlogical station (Figure 38a)
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for cases when stable ice began not on the day (E0.),n was recorded but
on one of the following days, the points (8, w) are plotted on the graph
according to the data for each day, beginning from the day (Z0.)miy was
recorded and ending with the day of the beginning of stable ice (inclusive).
Points corresponding to days when there was no stable ice are denoted
differently (in Figure 38b the white circles)  Next, on the graph a line is
drawn which separates signs indicating that the air temperature at the given
wind velocity is sulficient for the formation of a stable ice cover (in

Figure 38b the black circles) from signs indicating that the air temperature
i& not sufficient for the beginning of stable ice (the white circles). In this
way we obtain the line of the dependence (22.111)

o, =/f(»)

The dependences (21.111) and (22 111) can be assumed linear,

A forecast of the beginning of stable ice by means of dependences (21.111)
and (22 111) is prepared as follows.

From (Z0-),, =f(0s) we find the vaiue of (Z8_),,, which corresponds
to the water temperature observed on the day before the air temperature
passes through 0°, Let us determine the date of the accumulation of this
sum of negative temperatures, From the depgndence 8., =[(w) we
determine the air temperature necessary, for the beginning of stable ice on
the day (Z0.}yn is recorded.

If the mean-diurnal air temperature on this day according to the forecast
is equal to or lower than the thus determined value of @, stable ice should
be expected on the day (Z0.)gy, 18 recorded.

If an air temperature higher than the critical is expected on this day, we
determine 8, from the dependence 8, =f(®) for the next day and compare
it with the air temperature expected for this day. We proceed thus until
the day on which the expected air temperature is equal to or lower than [
for this day,

Example of calculation, Letus determine the date of the
beginning of stable ice on the Rybinsk storage reservoir in the Ves'egonsk
district in 1954, We have the following data on the air temperature and
wind velocity (according to the Kes'ma meteorological station)

TABLE 2. Mean-diurnal values of the air temperature @ and of the wind velocity & according
to data of the m al station, 1954

Date  ww icaw H 15 6 17 18 19 20 2 2 2
0, degrees. . . . 2.1 04 —1.0-78—-60-63-6.1-3.3—47—10.4
W miec ... 8 2 2 1 o s N [ ] 5 1

As follows from the data of Table 26, the air temperature passed through
0" on 16 November, From the observation data on the water temperature
ae find that a day before, on 15 November, the water temperature was
3.5 From Figure 38a we find for ®y=3.5" a value of (£0.)nn cqual to 23°,
From Table 26 we find that & sum of mean-diurnal negative temperatures
of 23% is recorded on 20 Navember, On this day the wind velocity was
1l m/sec. From Figure 38b we find that for a wind velocity of 11 m/sec the
air temperature for stable ice to begin should be lower than =7°, The

actual air temperature on 20 November was =6 1°. Consequently, the
should not be stable ice on 20 November. On the next day, 21 November,
the wind velocity dropped to 8 m/sec, From Figure 38b we find that at this
wind velocity stable ice can begin if the air temperature is not higher than
=-5.7*, But, as [ollows from Table 26, the air temperature on 21 Novembe
rose and was only -3.3". Consequently, also on 21 November a steble ice
cover could not form. On 22 November the aind velocity decreased to
Sm/sec and the air temperature dropped slightly to =4.7°. From Figure
38b we find that for w=5m/sec for stable ice 1o begin the air temperature
should not be higher than -4.3°

We thus obtain that stable ice on the Rybinsk storage reservoir in the
Ves'egonsk district should begin on 22 November, which actually was the
case.

C FORECASTING METHODS USING THE
CHARACTERISTICS OF THE ATMOSPHERIC
PROCESSES (LONG- RANGE FORECASTS)

The ice cover on storage reservoirs forms in a defimite sequence. First
the shallow areas, which on lowland river reservoirs are very wide,
freeze. Later deep-water regions, particularly near the dam of storage
reservoirs, are covered with ice  In the stream pe of the reservoir
near the end of the backwater zone, the flow velocity is low (compared with
that in the river) and the depth & still small. Stable ce therefore begins
there earlier than on deeper, downstream areas of the sto
If on the river upstream from this zoae natural conditions are maintained,
stable ice in the indicated stream part of the reservoir beging approxi -
mately at the same dates as when floating ice appears on the river, but
usually considerably earlier than on that section of the river frozen before
the creation of the reservoir, In this case, stable ice begins at carlier
dates than before the ergation of the rescrvoir also on the more upstream
located area of the river, since the ice bridge forming at the end of the
backwater zone hinders the drifting of 1ce.  Thus, the ice bridge forming
in the upstream part of the reservoir himits navigation along the reservoir,

Somewhat different is the nature of freezing of the upstream part of
storage reservoirs situated in a power plant chain (cascade), The head-

IR reservolr,

water of such a reservoir s situated in the tailwater of the more upstream
located plant. Therefore, on it not only 1s there no ice drift from above
but, on the contrary, the water discharged through the dam of the plant
from the deep-water part of the upper water reservoir and arriving at thas
pool 1s relatively warmer, This delays the beginning of ice formation and
the formation of a stable ice cover on the uppermost part of the reservoir,

For storuge reservoirs, on ahich there exist stretches which freeze
considerably earlier than the others and thus restrict nagivation, in
practice it 1s necessary, first of all, to work out a technique of forecastung
the beginning of stable ice on these stretches

It was mentioned above that the 1ce cover on reservoir stretehes
Limiting navigation, which are situ

d at the end of the backaater zone,
forms approximately at the same dates in ahich floating e appeared on
the respective river stretches,  [tis, therefors, possible to apply to the

n
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forecasting of the beginning of stable ice on these water reservoir stretches
the principles of the technique worked out for forecasting appearance of ice
on rivers. In this case, of course, the specific features of control of the
autumn runoff and of the regime of the reservoir zones under consideration
{streamflow, variation in inflow, ete.) should be taken into account,

The technique of long-range forecasting of ice phenomena is based on
tne use of long-time observation series, which make it possible to establish
cmpirical relationships between the dates of ice phenomena and the
characteristics of the atmospheric processes determining them,  Most of
the « xisting storage reservoirs have been created only recently, and the
practical use of hydrological forecasts for the national economy requires
F aration of forecasts for storage reservoirs from the very beginning of
their existence and, consequently, the forecasting technique should be
wxorked out before completion of the power plant project and the filling of the
storage reservoirs. A long-time series of dates of the beginning of stable
ice for a given storage reservoir is therefore obtained by calculation from
the meteorological data for the past years, The technique of suchcalculations
15 described in Part B of the present chapter,

To work out this kind of method is simplest for reservoirs in which,
toward the beginning of stable ice formation, thesumt- water level is always
maintained,  Such, for example, is the regime of the reservoir of the
Novosibirsk power plant, The water level in the reservoir in the period
preceding the formation of a stable ice cover is maintained, independently
of the inflow, at the normal pondage level (NPL) of 113.5m. Preciscly for

gty

ip between he date D of the beginning of stable ice on the

+ and the variation A, in the pressure anomaly in the weitern
ticvelone (rom August to September:  h=corrections 8D o the

of wrable e, obtained from Figure 3, #s a function of the deviation
Ay from the nomm of the mendionality index

Javes of thie hegiang

this level, o long-time series of dates of the beginning of stable ice in the
region of the village of Ordynskoe, where stable ce begins carlier than on
ottier stretehies, were calculated,  The reservoir width there is about
2600m, the flow velocity is 0.04-0 10 m/sec. In the calculations use was
made of duta on the water temperature and discharges of the Ob' River
near the tosn of Barnaul and of meteorological data from observations at
the mae te Mogical stations Barnaul, Kamen' and Ordynskoe, The
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caleulated days of stable ice are connected with the charactensties of the
tmospheric processes, which determine the freezing of the rivers of
West Siberia, 1. e,, with the differenes Ay between the sums of the pressurs
anomalies in August and September, calculated according to data from
meteorological stations situated on the terntory cove red by the western
ridge of the Siberian anticyclone (Irkutsk, Yemeeisk, Surgat) and with the
deviation Ay from the rated value of the meridionality index in September,
caleulated from the data of Hyg, maps (Figure 39), These charactenistics
are considered in Chapter I, Part €, 5 3.

A more complicated picture is represented by the formation of stablc e
in the stream part of the Kama storage reservoir, Navigation i3 usualiy
imited there by the freezing of the river stretch in the Bers znikov
mean depth on this streteh is about §m, the flow velocity varies from
0.15 1o 0,50 m/sec according to the variations in the sater inflow to tie
reservoir

district

On the broadencd streteh upstream from the village of Chermoz the flow
Vi ity drops to 0.04=0.01 mi/sec. The »of the beginning of <tabie jcs
in the area of the village of Chermoz depends, ther . only slighly on

me) depeonds mainly

the flow velocity and, (besides the meteorologics
on the reservoir depth.  The latter may vary in autumn within wide fmits,
depending on the summer operation of the rescrvoir, Usually a NPL. of
108 50m is maintained, but in low-water years a reduction of the NPL 1
106 00 m is still permissible, Calculations for a s ries of precoding yoars
(1932) for both these pondage levels showed that in individual cases suck

a combination ot conditions 1s possible, when stable jce first f
reservoir streteh of the river near Chermoz, and only then ont
river streteh near Bereznikov,

The dependences of the calculated dates of stable ice «
tics of the atmospheric processes were established for the mservaid
streteh of the river near Chermoz 1n two variants: for th
108,50 and 106,00 m absolute; for the stretch near Buers
arding the inflow during freczing period ar

ms on the

v whois

characteris-

¢ pondage levels

variants: disr

accour
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A negative value ot the contrast K shows the presence of an intensified
heat transport from the southwest to the northwestern regions of the ETS
in the case of delayed formation of the Siberian anticyclons whereas a
positive contrast indicates a certain directionality of the air current from
the northwest and a rapid formation of a cold center in Siberia, It should
be noted that not only the conditions of the flow of warm or cold air directly
to the basins under consideration during the autumn synoptic season are
connected with the value of the contrast, A negative value 1s connected
also with the prevalence in the Atlantic of winds contributing to the driving
of warm water into the Norwegian and Barents seas, which increases the
stability of the heat transport to the northwestern regions of the ETS not
only during the autumn synoptic season, but also later. This factor
therefore maintains its influence on the ice appearance, despite the fact
that even the normal dates of this phenomonon. for example, on the Volkhov
River and on the rivers of the Lake I1'men' basin fall in November and in
late cases — in December

r
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FIGUSE 18, Deviation T of the time of ice appearance on
the rivers of the Volkhov River catchment basia from the
rated value as a funcrion of the sum € of the latitudinal
and longitudinal geopotential differences in Seprember,

The influence of the intensity of the western transport is taken into
account by singling out a number of cuses when, for negative values of K,
i.e,, for a strong development of the Icelandian pressure minimum, the
pressure in the region of the Azores is also below the rated value (or in
the case of a very low pressure in the North Atlantic Ap<—6mb, in the
region of the Azores it was close to the rated value). In such a situation
the western transport is weakened, a fact which brings about already in
October a decrease in the negative contrast and, consequently, also an
earlier ice appearance than in the case of the same value of K and a
d--vl-[np--d western transport

As an example, we give in Figure 19a the dependence of the ©s of ice
appearance on the Volkhov River and on the rivers of the Lak
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Considerable temperature drops, whose frequency and intensity
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§ 3. Forecasting ice appearance with allowance

conditions of the formation of the Siberian anticy
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O the respeetive reg The prevaihing direetion of air-mass

nsport, ¢xpressed by the meridi ity andex, 18 therefore an important

tactor, which should be taken into consideration when estumating the
development of the Eagt-Siberian maximum
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FIGURE 24, Deviation T of the time of 1ce appeatance on the Upper
Lena Tyver feom the rated value as a function of the vanation Ay of
the tatal presiure anomaly i the Lena-Kolygra (dge of the Siberian
anticy lone feom August to September

1= Aly=0, A0, T-BhL<) with A;>0: J=the sigmns of Ay and A: are

e mervidionality indes fy for the region of the West-Siberian ridge s

stentials of th

calewlated as the difference hetween the average ge
surface (Hyeg) oOver spherical rectangles within the
(1) 105 : 607 12, long., B0 and 407 X lat
40N

For the region of the
ditfs
vithin the fol

llowing boundaries:

Lena-Kolyma ridge the index [y represents the
con the average geopotentials over spherical rectangles
wing boundaries: (i) 90 and 1207 E, long., 80 and 40° N_ lat, ,
(1) 120 and 1507 E, long , 80 and 40° N, lat, Considerable positive values

@ bet

of thrse indices n September represent the development of meridional
surg:s from the north to the regions of the respective ridges; negative

values of these indices show, on the contrary, the appearance of conditions

for the transport of warm air masses from the southwest, causing a delay
in the formation of these ridges (and, consequently, also a delay in the
freczing of the rivers),

In a number of cases there exists a defimite relationship between the
values of the meridionality index [/ and the characteristics A of the air

pressure variation (Table 20),  With positive deviations Al of the value of

I from the average (+ 2,3dkm for the West-Siberian ridge and -1,0dkm

for the Lena-Kolyma ridge) we have positive values of A, and for negative

500 mib

(11) 105 and 1680° E_long , 80 and

deviations of the index [ from the d values the vau A an
negative This ship shows that the formation of the ridge m
Siberian anticyclone takes place during n FS0O1 v
i less uniforn conditions, 1M, for esan e began v u
thus pointing to a positive variation A of the pressur naly, then alse
in September favorable conditions are maimntained for its further development
vhich is indicated by a positive deviation of the meridionality indes [ from
1ts rated value
TABLE 20, Stasting dats & -rang tiog r
Variation e roat
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J.8 =10 06 -1 4 17
0.8 -24 ~-92 15 2.9
0.0 1.4 =31 3.5 24
=20 6.0 07 -0 6 25
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are different?, it is necessary to take into account, along with the variation
of the pressure, the meridionality index [, This 18 done by different
methods, depending on the influence of the meridionality on the formation
of the anticyclone and the appearance of ice. As was mentioned above, this
influence is most important for the rivers of West Siberia, Therefore, we
use an auxiliary relationship between the deviations, observed in these
years, of the dates of ice appearance from the expected dates according to
Figure 23aand the value of Aly which represents the deviations of the index Iy
from the rated value (Figure 23b). By means of this graph we determine
the corrections to the dates of ice appearance expected according to the
graph @ and obtain the expected dates of ice appearance with allowance for
both characteristics of the development of the atmospheric processes,
Unfortunately, such corrections can be introduced in check forecasts only
from data for the last 21 years for which there are aerological maps. It
should, however, be emphasized that the most important deviations from
the dependences T=f(A) oceurred in recent years.

The introduction of the corrections considerably increases the accuracy

of the retationships for the last 22 years (-:— for the central Ob' River

amounts to 0.53), To forecast ice appearance on®he Lena River it is not
ary to derive auxiliary relationships, ‘since the amplitude of the
deviations of the actual dates from those determined from Figure 24 is
pelatively small, In this case it is possible to be confined to the selection
and generalization of individual lines connecting groups of points which
correspond to years when, for a negativ. value of A,, the index [y had
positive deviations from the rated values (1940, 1941, 1943, 1945, 1946,
1048, 1051, 1952), and to years when, for a positive value of As, the index
I3 had negative values (1944, 1956, 1958, 1 59, 1961). The first group of
points deviates from the central line toward carly ice appearance, the
second group toward late ice appearance. This corresponds to the above-
considered physical meaning of the relation between the quantities A and [.
Allowing for both these characteristics of the atmospheric circulation the
accuracy of the relationship may be increased. In the example given for

the Upper Lena River % amounts to 0.66 for a r.m.s, error § less than

three days,

lication of the described technique gives satisfactory results for
rivers of the Ob' basin, for the central and, partially, for the lower course
of the Yenisei River, and for the rivers of the L.ena basin upstream from
Yakutsk; somewhat less satisfactory results are obtained from the Amur
and Irtysh river basins. In the Amur basin it is necessary to take into
account the circulation conditions not only in the zone of the Siberian anti-
eyclone, but also in adjacent regions of the Pacific Ocean, The freezing
of rivers of the Irtysh basin is strongly affected by the atmospheric
processes developing over the ETS and over Central Asia.

This technique is not perfect, even for such regions where good results
are obtained. In particular, it does not take into account the influence of the
intensity of the western air-mass transport which, in individual cases,
causes an appreciable delay in the beginning of ice formation (for example,
in 1953 on the Lena Riverj.

e Or A close tod while Al has a large pasitive of negative vatue, a8 in the years 1940 and 1941,

"

Chapter 1l

FORECASTING THE BEGINNING OF A ST. ;.
COVER ON RIVERS ‘ ATEEEE

A. FORMATION OF AN ICE COVER. DECISIVE FACTORS

River fr

*zing begins with the junction of individual bridges of floau
ice in places favoring such phenomena, e . g., where the flow \r‘.nc;!\' o
L—;-l:(‘ rlr-a.m-s, where there arve islands, where the river bed has bends i ete
e o atio suct laces i ; o
i “‘;rlr:::lt‘::;lll\‘:u:lx)xv?;dus of wide shore ice contributes to the formation
For the formation of a sufficiently wide ice shore and a sufficient amount
of ice necessary for the appearance of ice coverin p!;n:vsni’ the rx\:«-r'( [} t-du”
favorable for this, adefinite amount of heat has tobe transferred. Thisa ;
depends on the varying morphometric characteristics r;[ the n;'vr ll;-d g
on the hydrological conditions on the given river stretch in the f e
of ice formation, R Sk
Not always do stagnant ice blocks initiate the beginning of an ice bridge
In order for the ice blocks to freeze together and an ice bridge md:ca]t‘:'
the formation of ice cover, toform, it is necessary that the u--'- blocks ; 'g'i-
sufficiently large dimensions and that the freezing together develops ':\ l"‘:
necessary rate, It is thus required that the air temperature in lhl': |.n- :d
be sufficiently low (so that the heat transfer s sufficiently ml-‘n\‘l\-'t'; ™
The air temperature above which stable ice bridges dr; not f(-n'm ;ﬁ
called lhv.cnlm;n] temperature, 0. which depends on the morphoms tr
c.haraclor\sli::s of the river bed and on the hydrological ('('nd:llil\"'-'" t "”‘-
time in the given river stretch, ) S
Thus, for the beginning of a stable ice period on a river stretch, (ie
for the formation of stable icc bridges) two conditions are \‘l;'l‘l‘*ﬂ-‘i ;'\"l ( 3
some heat transfer corresponding to the given conditions h‘hvlllh; >0.r<“ur -
(b) the air temperature in the period when the first condition s fulfill d
should not be higher than 1ts critical value, T
Ice blocks floating up to a formed bridge accumulate partially under the
ice sheet and partially above the bridge, more or less rapidly ;.n e "lh
it and with each other. Under the ice bridges and ice blocks fr i
floating along the river accumulates, e
Immediately after the formation of an ice bridge the upwiard advanceme
of the ice edge occurs mainly due to ice biocks situs ‘ e,
between neighboring ice bridges at the time of the formation of the lowe
onvu_ The rate of propagation of the jce-cover vdge obviously :In il nlvl'- !
this case on the density of the ice drift, the thickness of the tee blocks, the
discharge of frazil ice and on the flow velocity. The total propagation nlll.

ed on the section




the iev-cover vdge due to ice blocks existing on the section depends, 1in
addition 1o the above, also on the length of the 1ce drift section at the time
of the formation of the rice bridge,

Further propagation of the jce-cover edge 18 due to ce formation on the
ate of propagation depends on the
t transfer and the flow

scetion between the jee bridges, Th
distance from the upper bridge, the rate of he
velocity

The upstream propagation of the ce-coveredge may extend over larg:
arcas in the upper stretches of mivers flowing from lakes, in river
stretehes downstream from hydroeloctric stations and in cases of consider-
abie water temperature gradients along the river, due to climatical
whitions (for example, the Amu- Darya River), in the absence of an uppe:
hridg:

In these cases the vate of upstream propagation depends on the following:

a) the distance from the lake or storage reservoir or from some constant
cross section on the river

H) the water temperature in the lake or storage reservoir or in some
constant upstream cross sect -

c) the rate of heat transfer,

d) the flow velocity .

A characteristic feature of ice cover fgrmation on such stretches, as
well as on stretches with high flow velocities, are ice shifts occurring
during the formation of the ice cover when the uir temperature or the flow
v lm-;!_\- rise,

A stable ice period on a river stretch begins as the first stable ice
bridges form. owing the time of formation of the first stable ice
bridges is of practical importance, since from this time on 4 sharp
change in the navigation conditions take® place, The technique of
calculating and forecasting the beginning of stable ice period on a given
river stretech is much more completely worked out at present than the
technique of forecasting the formation of the ice cover at a specific
point on the river

o

B. ICE-COVER FORECASTING USING AIR TEMPERATURE
FORECASTS

S 1. Relationships for the calculation of the beginning of the
stable e period on a given river stretch

As indicated in the previous scction, for the beginming of a stable jce
poriod on a river streteh (for the formation of the first ice bridges) two
conditions have to be fulfilled, Firet, nere should be some heat transfer
corresponding to the given conditions, Second, when the first condition is
fulfilled, the air temperature should be not higher than the critical
temperature 8.

The sum of the mean-diurnal negative air temperatures from the day of
the appearance of floating ice, Z8_, is usually taken as a relative
aracteristic of the heat transfer,

As montioned previously, the necessary heat transfer, or the quantity
«nd on the morphometric characteristics of the

X0_. and the value 0., de

T

river bed and on the hydrological conditions &t the time in the Fiven
river stretch

The morphometric and hydrological conditions are characterized by the

water stage M at one of the gaging s

I'ke time of the beginning of stable ice period on a river sty
determined from long-time observation data for this stretch by the two
relationships (using graphs)

(Z0)..=f(H,) 0n.an

V.=f(H,) (2.10)
riod, (Z0.). , 1s

$R e arv for,

<8 in the

streteh,

and

shere M, 18 the water stage precoeding the stabl
the sum of the mean diurnal n

P

ative air tempera

pproaching the nece ry values) for ice cover formation (see

n bj

W, adeseriptionis given of a technique for setting up the working
graphs and for ca ating the beginning of the stable 1ce perind

@) Determination of the river-streteh boundaries, A
river streteh should be more or less uniform.  This means, firstly, that no
k tributa
douvnstes

*s which might considerably increase the sater discharg:
worom their inflow should «xist on the streteh, Secondiy, along
the stretch the morphological and hydraulic cha
should be uniform

ength of the river
conditions can be approxir
meteorclogical station,

No less than two gaging sites (more are desirable) should be available
on the stretch In some cases, when it 1s known that the first jce bridges
torm every year directly downstream of a given site (or at its locatior
only one ohservation point 18 sufficient on the selected streteh

b) Plotting the graph (Z0.) ""””P"') For all cases of stable
e cover the dates of its beginmi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>