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nt example) w

out using air-temperature forecast. When using the
the forewarning period of the ice-clearing forcoast can be
aceardingly increased,

Figure 91 gives a generalized relationship for forecasting the jce
tearing on most of the open regions of the reservoir, obtained from data
of ohservations on the Rybinsk, Tsimlyanskii, Gor'kii and Kuibyshey water
reservoirs, The use of this relationship without air-temperature forecasts
does not always provide the necessary forewarmng period,
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In arder to nerease the forewarning period (without using the air-
tmperature forecasts), it is possible to use the relationship shown in
Figure 92, where the date of ice clearing on most of the open region of the
reservarras determined as dependent on the date of the accumulation of the
heat, g, necs ssary for melting an ice cover 10em thick., The forewarning
f the forecast not using air-temperature forecasts varies frem 4
to 11 duys and 18 on the rage 6 days, When using the weather forecast,
the forewarming period accordingly increases,

b) Forecasting date of the beginning of ice drift (breakup) from its
relation to the date of the accumulation of the heat amount necessary for
melting an ice cover 15 em thick, The beginning of ice drift can be
prodicted similariy ain the same way as shown in a subsection of this part
For the beginning of the drift (breakup) the earliest date of ice drift on a
given stretehas taken,  In this connection, local ice breakup or local ice
drift 1s not taken into account,

FFigure 93 gives a generalized relationship between the date of the
beginming of jce drift (or breakup) and the date of the aceumulation of the

e
"

heat amount necessary for melting an ice cover 15 em thick, The graph
gives two lines (plotted on the basis of two groups of points). The lower
line corresponds to the beginning of ice drift in open sections, the upper
line to closed sections of water reservoirs.
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abservations at the

The beginning of ice drift in bays is determined fr
on the Rybansk;

following gaging sites: Perebory (Perebory Bay
Zheltukhino on the Gor'kin and Yablonovy: Ovrag on the

vahev water

ervoirs. On the Tsimlyanskil storage reservolr obs

dations were not
kup
e

e
conducted in cial parts; use was made of obscrvations on ice bre
on the small Bereslavskoe storage reservoir of the lga-Do
forescasting accuracy by the indicated relationship s satisfactory The
forewarning period of the beginming of wce drift on open w rar
the average equal to the forowarning period of the air-temperature forecast,
and the forewarning period of the beginming of ce drift in bays (closed
water area) is on the average 3 days longer,

Forecasting of the beginning of tce drift inisolated parts of water
reservoirs by means of the generalized rel wship given in Figure 93 48
less accurate than for forecasts in oper This 1s due to the consider
able influence of the difference in the by > and morph
which are not taken anto account by the desceribod toct mgue

c) Forecasting local ice breakups and ice clearing on river zones and
bays of water reservoirs, The acer veasts for pel
1solated regions (bays) of water reservoirs by
relationships is reduced muinly due to the fact that, an thes case, the
lowering of the water level during the winter and proeflood drawdown and
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vely small

ey of fu

the above.g zod

grner




subsequent level rise during the spring rechar
to the destruction of the ice cover

g« contribu

8 considerably
This influence is particularly strong in
places where, in accordance with the morphometric features of the given
reservoir, the ice during the winter drawdown freezes to the bottom over
large arecas,

In such ¢

ses, taking these conditions inlo account may considerably
Increase the accuracy of the determination of the amount of heat nec essary
for 1ce breakup or ice clearing.  The thickness of the ice cover h, before

the beginning of thawing, the level Bgof the preflood drawdown and the rise

in the water level before ice breakup or the first ice push

qu‘=/(k.-. Hy, AH) (11.v1)

are factors which determine the amount of heat pr' Y necessary for ice
iearing (or breakup)
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b-values of Zay and &N at the day of ice breakup: 2=values

f Zay 4iid &M on the previc

t local ice breakups on river zones of water reéservoirs, as

recast breakup on rivers, it is possible, with observation
to use relationships similar to (2,V)

E?h:'f(‘l\c. AH), (12.v1)

vhere Zgo is the total heat inflow per unit outer surface of the ice cover,
ahich is necessary for ice breakup; A, is the thickness of the ice cover

yefore the beginning of thawving: AN 1s the water-level rise ahove thie
lowest fl I drawdown
The quantity AH directly also characterizes the flow velocity, to whick
it is closely rejated
Using ¢ 1sional analysis the relanonship for determuming the quantity
Zgo. in this case, may be represonted a
e (13.V1)
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relationship, calculated for all the 19 years the rescrvoir exists, 1s 0,47;
during 9 years of routine use of the relationship (1952-1960), this
dependence was found to be very stable,® although in the last years sharp
rearrangements in the atmospheric processces, in no way taken into account
by the arguments of the dependence, were rather frequent,
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FIGURE 95, Dates of ice clesnng of the Potebory Ray of

the Bybinsk reservonr, D, as & hanetion of the ice thick-
ness on 13 March, Nie. and of the date the mivan=diumal
Air tempetature takes on positive valucy

1=transition of the au temperature through & earliet than
& Apnl 2=transition throggh @ later than 5 Apnil

The forecast of jice clearing on the Rybinsk reservoir is corrected by
taking into account the observed sum of temperature rises, TA@. during
the period from 6 March to 15 April.  The calculation of ZA0 from the
mean-dinrnal air-temperature data at the Rybinsk metcoroiogical station
1s carried out as indicated in Chapter V, Part C, The guantity £A0
characterizes the degree of development of the atmospheric processes which
are connected with warming-up periods, at the beginmng of the spring
synoptical scason throughout which ice melting takes place, and, in the case
of @ high intensity of warming-up, with the melting conditions themselves,
The correction for the ice clearing forecast from the dependence of the ice
clearing dates for the Rybinsk reservoir and of the value of ZA8 on the
maximum 1co thickness on it i1s made on 16 April with a mean forewarmng
period of about 20 days.

With long-time observation data on the thickness of the ice cover and on
the 1ce clearing on the reservoir, it is not particularly difficult to work
out a techmique of long-range forecasting ice clearing. However, most
water reservoirs are of more recent existence, and the methods of
forecasting their ice clearing have to be prepared, as a rule, before they

Hods 1 which the date of the final tracsition of the ais temporature thiough € is used 4y argument,
Jate should he determined tgoronsly,  1n the method given this has been done

are filled, The problem arises of being able to prepare forecasts in the
absence of observation data.

This problem was solved in two ways

The first consists in obtaining a long-time series of data on ice cover
thicknesses and ice clearing dates for the conditions of the given reservoir,
by calculating from meteorological data for past ye.rs,  To obtain the
dates, a technique of long-range forecasting i1s worked out,

The thickness of the ice cover before the beginning of melting can be
calculated for =ach year with sufficient accuracy for long-range forecasting
of 1ce clearing from meteorological data tor the stable 1ee period (see
Chapter IV), Of course, the beginning of the stable ice period 1s also
determined in this case by calculation (ser Chapter HT).

Ice clearing dates can be calculated by the method desceribed in Part B
§ 1, of this chapter (for a thickness of the ice cover before the beginning of
melting not smaller than 25cm).  In working out methods for long- range
forecasting of ice clearing in widened areas of the Tsimivanskii, Kuithyshev
and some other reservoirs, the series of ice-clearing dates we calculated
by a somewhat different method. In this method the following equation is

.- LILpho- Q41+ LE4P. ey

The left-hand side of this equation represents the amount of heat
necessary to melt completely the theoretical 1ce thickness k. the right-
hand side of the equation is the sum of the heat exchange -compononts on
the outer surface of the ice cover, The heat input to the under surtface of
the ice cover is not introduced in the equation. In calculating LE and P,
the wind velocity is taken at the height of the anemometer without correc-
tions for the influence of the reservoir,

The heat-exchange components (besides the radiant-hest mput) are
calculated from the data of each of the four standard hours of
observation of the meteorologicil elements.  Both positive and negative
values of the heat-exchangs components ure summed,

In the absence of a considerable stream flow and of chimatie conditions
close to those at water reservoirs whose data are used to obtain the graphs
given in Figures 91 and 92, the dates of ice clearing of a large part of the
given reservoir region can be caleulated to a first approximation by means
of these graphs,

The sccond way congists in determining, from meteorological chserva-
tions during past years, the dates of the accumulation of definite heat
amounts and in finding out the relationships between these dates and the
characteristics of development of the atmospheric processes. In
forecasting, the ice clearing date is determined as the expected date of
accumulation of the amount of heat necessary for melting the 1oe existing
on the reservoir in the given year, This approach makes it possible to
dispense with the calculation of the ice thickness during years before the
reservoir existed. This 1s particularly important for water reservoirs
with considerable water inflow and discharge, important winter drawdowns,
other peculiarities of the hyvdraulic conditions, which (ffeet ace growth, or
with special conditions of heat input from groundw ater. An advantage of this
way 18 also the possibility of preparning an ice clearning forecasy for
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tndividual sections (f the water reservoir taking into account the difference

an the jee thickness on the

The first way also has advantages., First of all, as

a result of the
calculation of the ice clearing dates for a number of years, we obtain the
characteristics of the future ice regime of the rese rvoir, which have

“
practical value, Working out the techniqu

m the bas
clearing dates, we are not bound by the necessity to use data on the
maximum ice thickness in order to issue the forecast. This makes it
POsSible 1o increase the forewarning period of the forecast and to issue it

at definite calendar dates
o
20V
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FIGUWE % Dates of we clearing of the sidened ares of
ryt age eyl at Ul'yanowsk, B 35 a tunctios
{tre au-tempetatute anomaly at U1'yanovsk sict Ay

Let us give examples The method of forecasting ice cle aring on the

Kuibyshev storage reservoir is based on the calculated dates of this
phenomenon for a series of past years (from 1925 to 1957) The reservoir
in the region of the widened area at Ul'vanovsk clears up on the averag
(acecording to caleulation) on 1 May. The ice clearing in this region occ
later than in other regions of the Volga stretch
on it in March

can be

it
Ice melting usually begins
The conditions in the period of the beginning of ice melting
characterized by the mean dir-temperature anomaly in
arch If in this month there are low te mperatures, ice melting hegins

tr ind the ice itsclf, although its thickness does not considerably
increase an March, preserves its structure and strength toward the
beginning of melting.  Such conditions contribute to late ice clearing of the
reservoir. A high air temperature in March, on the other hand, causes
in this month meltisg of the snow on the ice cover
weakening of the 1ce cover, and in some case s also

. break down and
direct melting

1 he Bt whe + the accuracy of ice clearing forecasty i
en t cetamated, Osnly the & hod of fotecasting the accumulation of the amount
i veuary § te melting of the Jefimte see thicknen 18 estimated

2%

s of the calculated ice

b}

of the ice In addition, in March the spring synoptical season ;)-g.'.:a_ :
which extends over the following perod, ing luding the hemr ngof May n

vva '] ing the
of the uniformity of the atmosphe ric processes provailing during
w s larc ro tely characterize
the per re conditions in March approxima chi rad
' s m r The -temperature
condit of the whole ice-melting period 1 alr > i

inomaly in March (bench-mark metrorological stat 1 s

‘ f the reservoir

fore detormines, (o large exsent, the imeof i cearing o 5
> » 4 MUCh Can o

c 'he forewarning period of the forecast, whi
Figure 96 I oot & The accuracy of

prepared on 1 April, is equal to 30 days on the averag

. iaﬂ %2
the relationship is characterized by -3 i

4
30w

N

0n N

.
.-
v
L
ale
nm
L ]
.
2m - - - -
" 3 e ’ D
14 e a ta
Another example, The Tsin skii storage reservoir is clear of ice

r wd fre 325 to 1957
on the average on 10 April (by calculation for the prriod from 1925 t

ice melting on it usually begins in February. In Feb
season of the second half of the winter begins and ¢
i f of March. The dates of 1ee clearing the r-‘!ﬂ-r-
air-temperature anomaly in February Figure 97) ! itk iy
of the forecast, which can be prepared on | March, on the average ox

5
1 erized by — -
a month. The accuracy of the relationship is charscterized b =

s are extremely simple and to a first approximation

Such 1 tionsk

satisfy practical requirements However, the forewarning period and
satisfy ¢ F ui

variation in

1 hlv weo i
accuracy of the forecasts can he con ably improved, if
th

preceding variatic

n the

n to season, as depemdent
air-temperature anomaly from season to sca 1, & feg

sties of the heat it from the south-

characte

11in

west, T (sce Chap t C. §€2), is tuken into a - x--l-! 4 n 1 »
itis vp‘wsxhl--_ at the beginmang of February, to dets x»:.‘.-,v : -‘.‘ e ] ‘, .
heat input in the second half of the winter, 1. e, |I r‘vxvl;... :,.”

at the beginning of March — the rum}:';-v':‘- of l eat ,n..' w,f '_ ,,”: .
synoptical i.e., in March=Apni The air temperat
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months mainly determines the dates of ice clearing. Thus, for exampie,

the dates of ice clearing on the Kuibyshev reservoir are obviously related
with the temperature anomaly in March and April, which can be seen from
Figure 98, This figure also shows how the sey rity of the winter, expressed
by the sum of the mean-monthly temperatures from October to March
(bench-mark meteorological station Ul'yanovsk), influences these dates.
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FIGURE 58 Variation in dates of ice clearing on the widened rese
vanonvsk, D, with the air-temperature anom aly duting March

At Ay

¢ atea at

and Apnil

fog 3 values of the sum of mean-monthly sir temperatures

i yanoves from October to March, TO..

=20 > =85 2255 >ZA_> =470 G=-47" >T053. 4-pI_< 2"

The basis for the forecasting technique is the relationship between the
clearing up dates of the storage reservoir and the variation in the
characteristics of the relative geopotential gradient from the first to the
second half of the winter, ol (F igure 98), Cases of particularly severe

rs are marked as a separate group, Particularly severe are cases
i the sum of the mean-monthly air temperatures from October to
February was below - 48°,

The values of af‘, (Table 38) were determined, as desc ribed in Chapter
V. Part C, §2, from the deviations of the mean-monthly values of AH“ at
the points shown in Figure 77, during December, January and February
from the rated values. The accuracy of the method is characterized by

wt

;— =0.54 It should be noted that the relationship lines drawn for years

alth a particularly severe winter are arbitrary due to the small number of
ints,  However, even if these cases are not put into a separate

p. the relationship (Figure 99) remains satisfactory (the confidence

le errors §=0.6746 is 83%)

The forecast of ice clearing on the Ul'yanovsk section of the Kuibyshev
reser ¥ this method can be prepared at the beginning of March with a
mean forewarning period of about two months.,

The forewarning period makes it possible to refine the forecast in the
middle of April, using the expression deseribed above, for the Rybinsk

miut of the permissit
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reservoir, i.e., the dependence of the dates of ice cls aring and
thickness on the sum of temperature rises LAB during the porid i1
March to 15 April. The prculiarity of this relations) ip (Figure 100 fog

!
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s of aring
. f N
r al gradient « ar,
o= canen of partic la
the Kuibyshev storage reservoir (as also for others . . aed
consists in that the maximum ice thickness and i g an
past years, used to set it up, are not obhserved, ateed ! rat
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Lfn.- this relationship is 0,46 The root-mean-square ceror, =2 7 duy
2
Is ¢ ¢ to the error of the ice clering caleulations themselves he

forcwarning period for the corrected forecast is 15 days on the ave rage
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Weo turn to another example - the Tsin
i already men 1, the time of iee ¢
conditions of the second half of the winter, but in cases of normal &
ice-clearing spring conditions (of the sccond half of March and of April)
become most important,  The thickness and strength of the ic
considerably influcace the da

sring depends lar

cover
Thus,
are similar o those considered in Chapter V, Part
C. 52 for the 1ee breakup on the Lower Volga, Therefore, the technique of
forecasting ice elearing on the Tsimlyanskii reservoir resembles that
feseribed for forecasting ice breakup on the Lower Volga, The difference
s only an that to calculate the sum of the negative temperatures data of
ingical station Boguchar are used,
A similar techmigque of long-range forecasting of ice clearing has been
«ed out for a number of reservoirs — Gor'kii, Kuibyshev, Volgograd,
imlvanskki and Kakhovka
Y techmque for forecasting ice clearing on the Kama reservoir has been
orked out differently,  Instead of the dates of ice clearing during past
rs the dates of accumulation of definite amounts of heat, Zq._ arriving
ough the outer surface of the ice cover, were calculated,

s of oo « aring on the reser

all the conditions I

For vach year (from 1940 to 1959) the dates of the accumulation of the sun

Zqe. aual 1o 2000, 2500, 3000 and so on upto 5500 calfcm? were calculatedt
moans of somographs similar to that given in Part B, (Figure 52) and based
on the d ta of the meteorological stations Chermoz (for the central part of
the reservoir) and Perm' {for the part near the dam). In this way the
long-time series of dates of accumulation of each value of Zgg re
calculated. These dates can be related to the atmospheric-circulation
characteristics by means of which an early estimate is made of the
conditions of heat input in the pe riog of ice melting,

Such characteristics for the Kama reservoir may be the indices of
development of the atmospheric processes at the beginning of the spring
synoptical scason (in clearing of the reservoir usually
occurs at the end of this season, To forecast ice breakup on rivers of this
region two types of such characteristics are used

The first characteristic, the prevailing direction of transport of air
masses relative to the northeastern regions of the ETS (Chapter U, PartC,
5 1), is expressed by the angle between the isobars on the mean-monthly
pressure map for March and the parallel in the region of the station
Troiteko- Pechorskoe The current in March is usually directed from
the west, northwest or north (00 <e<100"), or from the southwest or
south (2500 <@<360°), Eastern current direction is very rarely observed

he second characteristic, the number a of days in March with
proc s of the western or southwestern type, reflects the intensity of
¢S causing warming-up periods in the basin of the Kama River., To

¢se processes belong all cases when cyclones emerge in the basin of the
kama River from the west or southwest. These characteristics are
related sinee they reflect different features of the same atmospheric
processes in March,

arch), since ic

The date of the aceum

tion of the heat amount Egy necessary for iee
clearing s determined from the graph (Figure 101) plotted for the middle
part of the Kama reservoir, For @a>150° and n< (0.076a-7.8), and also
for @<150° and A<(15-0.076a), the system of lines | should be used; in
other cases, the system of lines 2. For a>180° the required date is
determined from the difference 3600 - @,

3

Let us follow the arder of preparation of the foroea v the o xample of
1958, In March of this year the angle of the isoh ars of

was @=340°, na=1) day In this case @ >150 (1 0Tua-7 8) = 0 07
.340-78 =18, rr M 18 smaller than 18 Thepefore,

the required date from the system of Lines 1 (ke 107)
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The ice thickness in 1958 in the central part of the reservinr roached
83cm, the mean snow depth, 25 cm and the depth of solid procipitation
during the stable ice period was 13.2cm, Ac
the amount of heat necessary for oo clear
reservanr, calculated by the method described in "art B was g
4700 cal/cm?®. Such an amount for @=3307, or for ‘-'- ‘
of the argument 360-a= 20° sh uld accumulstes on %
the reservoir should become free of ice on 10 My
central part of t Kama reservolr was clear

rding 1o these fnitia! data
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Chapter Vil

FORECASTING OF ICE JAMS AND RISE OF
WATER STAGE DUE TO JAMMING

€ 1. Conditions for the formation of jams. Factors
determining ice-jam stage rise

lIce breakup on a river is not a process which advances along the river
strictly successively. The nonuniform thickness of the ice cover and the
nonuniform resistance of the river channel on its various stretches exclude
such a strict succession even when ice breakup begins in the lower
reaches of the river. Even in the case of ice breakup which advances
upstream, the moving ice encounters individual sections of stabl« ice,
However, the ico in this case is already so weakened that usually consider-
able ice jams do not form under these conditions, The fact that ice breakup
usually occurs there before the arrival of the flood wave is important, If,
in accordance with the physiographical featurcs of the river basin and the
meteorological conditions, the flood wave and ice breakup on the river
travel downstream, then the ice mauing downstream usually bars the path
of the ice cover on a streteh where conditions for ice breakup have not yet
setin, Jee jumming with destruction of adjacent parts of the ice cover
begins, while piling of ice blocks continues and a considerable part of the
cross section of the stream becomes obstructed,

Ice jJams form preferably in sections where the longitudinal slope of the
river considerably decreases, in places with islands, sharp bends or
contractions of the bed and in zones of the backwater area in water reser-
voirs, etc.

Ice jams may form in places with favorable bed conditions also in the
absence of an ice cover or continuous ice fields, Such Jams are, however,
less stable and do not result in a large rise of the water stage,

Before ice breakup, the ice cover is usually preserved for longer time in
places of reduced slope and flow velocity. During the freezing of rivers in
such places the first stable ice bridges and, in the case of sufficiently high
rate of ice approuch to the bridge, accumulations and pilings of ice (jams)
may form. Ice accumulations in such places are larger, the higher the
flow velocity of ice blocks approaching the bridge and the larger in this
period the air-temperature fluctuations (see Chapter 11), Owing to the
presence of various ice forms under the ice cover, its thickness in such
places increascs at a higher rate than on neighboring sections, Toward
spring the thickness of the ice cover there is larger than on the more
upstream located stretch,

Besides the preservation of the ice cover downstream of a river streteh
where ice drift began, an intensive ice drift with a flow velocity
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sufficient for the piling of ice blocks is necessary for the form tion of a
considerable ice jam,

Anice jam may form if at the time of the approach of the flood wave and
ice drift the rise in the water stage (and in the ico cover), due to local
runoff and also 1o the weakening of the ice cover, is still small and
insufficient for breakup.

Decrease in the air temperatures 10 negative vaiues during ice breakup
period also contributes to the formation of ice jJams,

Most often ice jams tend to form in the same place with a general
decrease in the river slope, meaning a decrease in the slope over a
considerabie river stretch due to the topographical and grological fratures
of the river basin, in contrast to local decreascs in the siope on some
isolated river stretches,  In such places ice jams are most stable. It is
much mors difficult to combat such ice jams than those forming in other
places under condinions favorabie for ice-jam formation.,

It should be borne in mind that particularly favorabie conditions for ice
jamming during spring breakup are created in places whin it was preceded
by ice breakup during the winter flood, which stopped on the given river
streteh, with 1ce-jamming and gorging in the next cooling.

A general decrease in the slope is the cause of freguent ice Jamming also
in upper parts of water reservoirs. However, in this case the conditions
of iee jamming are greatly influenced by the nature of the runoffl control
(wimter and spring drawdown or spring recharge).

Orng to the considerable filling of the bed by disorderly piled-up ice
viocks, the resistance to the streamflow increa sharp'y. the slope of the
water surfl on the 1ce-jam section accordingly alsoinereases sharply, and
upstream  from the ice jam backwater thus formed increases, the
larger the increase in the resistance to water motion on the streteh of the
e jJam. The increase in the flow resistance on the 1wce- jJam streteh (s,
in the final analysis, larger the larger the amount of iev, the higher its
strength and the highe r the velocities at which it approaches the place of ice
Jamm'ag

't maximum rise in the water stage during ice jammang deponds on
the araount of ice prling up to form a gorge until its break-through. The
time of break-through of a jam depends on the strength of the ice cover and
on the resistance of the shores to the drift of the ice cover or, 1If we are
talking of the break-through of a jJam which forms 1n a definite place of a
river, then it depends on the ice strength and in the rise the water stage
below the 1ce cover downstream from the e Jam,

Depending on the local conditions, when a sufficiently low negative air
temperature sets in during ice Jamming, the mse in the water stage 1s
higher than in cases when a positive air temperature 18 maintained,

In cases when winter ice breakups with subsequent ice Jamming have
been observed before ice Jamming, the 1ce-jam water stage 18 higher than
unde r usual conditions, The maximum 1ce-jam levs 1 1s higher than under

usual conditions also generally in cases of 4 stable 10 associated with a
hgh water stage

The height of maximum ice-jam water stage depends, of course, also
on the form of the river bed on the 1c¢-jam streteh,

In cases when, under the existing river-bed conditions,  the water
{together with the ice) reaches a  coertun ice-pm level and floods
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the river banks, bypassing the jam, the maximum ice-jam water Stage
i8 himited by the indicated river-bed features,

The water-stage rise due to ice jamming also depends on ice Jamming in
upstream stretches of the river, The magnitude of the backwater effect and
the iee-jam water stage at a given point of a river also depend on the
distance to the place where the Jam forms which, unfortunately, is not
strictly fixed, particularly on stretches on which there is no general
decrease in the river slope.

Finally, when analyzing observations on ice-jam stage rises it should be
borne in mind that the maximum ice-jam stages can be lowered by explosives
and other measures whereby the ice blocks are broken and the strength of
the ice cover before the formation of the Jam is reduced, On small
stretehes favorable for jam formation such measures may, in some cases,
avert the formation of a Jam,

Explosions, carried out to de
influence on the ic

stroy ice jam, may apparently have same
=Jam water stage.

In general, however, the maximum rise in the water stage upstream from
4 Jam over the pre-jam stage is mainly due to the following conditions: (1)
the character of the river bed and river valiey on the particular ice-jam
streteh;  (2) the character of the ice cover on the ice Jam stretch; (3) the
amount of ice on the river and, in the cage of a continuous ice cover, its
thickness, (4) the ice strength; (5) the intensity of ice drift; (6) the
velocity at which the ice approaches the place of ice jam; (7) the water
stage downstream from the Jam; (8) the rate of growth of the flood before
and after the formation of the Jam; (9) the difference between the time of
tee breakup on tne main river and its large tributaries on the stretch
under consideration; (10) the weather conditions in the period of the ice

Jamming; (11) the distance from the place of formation of the ice Jam and
the stage rise, .

$ 2. Forecasting ice Jamming

The principal conditions for ice Jamming are (see §1):
tion of the ice cover dow
brea

(1) the preserva-
nstream ol the part of the river on which ice
kup occurred and ice drift began and (2) sufficient steepness and

veloeity of the flood wave, The first condition to some extent depends on
the second,

As a characteristic of the second condition the rate of rise of the water
Stage before the beginning of ice breakup is usually taken. On some rivers
the second condition exists every year or almost every year, in
accordance with the climatic and orographic conditions of the given river
basin, Such, for example, are the large rivers of Siberia, which flow
from south to north, where ice breakup is caused mainly by snow-melt
floods forming in the upper (southern) parts of the basins,
order to forecast the possibilit
whether the first condition (pre:

In this case, in
y of an ice Jamming it is sufficient to know
servation of the ice cover, absence of
conditions for breakup at the time of the approach of the flood wave) is
satisfied on the particular river stretch,  The first condition is fulfilled
every year when the river slope and the flow velocities over a long stretch
decrease generally. This is particularly true in the case of successive
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jams always form there during spring

decrease in the slope, Therefore, ast the probability of

Ve e tam e D e lwr..ss".'.y}:: :t“\‘:l'»h_-h of the Toma River
an ice Jam, Such a streteh, rf-_;r vx.;rr.plw- s

T om the town of Tomsk, ) =
da“l"(‘“lr:-:-?:f: "t‘h(-r!' is no general decrease in ‘lhl' -ln;;:' :l'\'”l .-l1}:'.!\i!
-alrf-(.vrh of a given river, and ice jams form in place a'a...h : “.'. i
ve ies decre - when the s m passes from a shallow s
- i“’c'“ r or where the river bed is constrained, or where there .n; i
:ls.l.td:(?:,o t']l-‘ll the first condition (preservation r-f»lh- I:-“c,lr::‘:‘r:.: :1",“,‘“,.
fulfilled and ice jams do not form every ycar, ”;IS |I g
ice-cover characteristies and their rl:alnhnhn-u;. -;r.u_ e (.m_

As yet there are no sufficientiy accurate m.N.'”::hl.; i
jamming which take into account d|rt-::"():‘.;yr:;l‘::‘:;.;":n L e
the shore ice, depth of the snow cover on the ice, '.['.l‘gh"'tslsll:r_'-lll,l.. ,_.:m\i‘,:,.g
surface). Field investigations ne ssary for thns '”'.‘ \g.,,l.),‘;, i ,‘;‘,"
data of a fairly long series of preceding y--‘lr's ‘-.n. «
year are necessary in the preparation of a fore L<‘l!-n. . Np———

’ Ice jams during breakup form, as a rule, whe .|!|: ‘ 1"", If.-_ ”;“mmu _—
with considerable ice gorges. A forecast of a considerabl ¢ ' gk i

e ., be prepared from the relatuonship with one or u 4 e
rh"“'m:’\: stic.  The rise AMy in the stage during the formation « 1 ;
‘:'::::r(t-a:\li:-- !‘:lk--n as a characteristic of ice jamming, On r|\~l: (‘-:'-\I:--r.'.g
\ll\w long-time amplitude of the water-stage fluctuation I’n‘f-’;l- (“ ‘1 ,:vﬂu "
of ice formation 1s negligible, the maximum s\--l"‘r ~I1:-:.t“] - “\". ‘p:.‘.h.,l,,l,h.

1 stable ice period may be taken,  The determunatior Ehr probetin
”“‘lf: amming (at the time of breakup) from the villucof  Hy 1s shown »
il;l;htv-."‘-‘:.,mp!u- of the Yenisei River near Krasnoyacsk, from obscrvation
da“'! {:r\'lr?n?i::lt:?::lch not far downstream of the town of hl'-l,\l:“}"llsk:‘jnn!
19 k?v: s a s;-ru-s of shallows (Ladeinye shallows) u.}:-klsI.:;I.:l:',ml“.‘;‘:ll,llu‘ .lg
downstream, between the villages of Berezovskoe (}.. m.’t lq.h“ T
the town)and Kubekovo (35 km still farthe dn.s'n). .‘qr e pi'; ., d.'“. A i
During formation of the ice cover, the :mv.-lurw- of ¢ |!- l|4 = n:,. R sh
town is connected with a rise in the water :-t.uzvu*\f ' : :;;".d ‘,-,-. i
time after the formation of stable jce within ll41-- l-'mu .n : ....,.‘, d. i‘“rh
time of the formation of the ice cover, ice pushes are obs 3
fre " s 1 A are
. "‘:}:-l:“:inu‘rﬂ of ice jamming at the Inm;», of nlr ::;:.(::ulp :::, ::;:“l I\\'MI:LI‘!;F

S p er The first center is near the islands ¥ ye s 1 : :
‘I)I':J‘:-r::f hsllrt:.ng l‘mc jams do not form there: as u»ru!- - lh«ﬂ'“;h.":'l';‘lr"llﬂh
of the ice jam continues until all the ice from upstr nrnd‘.n‘;:{-lh“ ham R e

The second, main ice-jam center 1s a l]l‘l‘p pool w1t s Joom
Ja?l:g- of Berezovskoe, An ice yam usually forms in the upper p;u e
- - st a ‘ a pool, 1 on an abru
c"‘al'ln.lil-l::cll:v?lr:?:lr(;ng |r‘1- cover and a strong 1ce jam I"vrm:, In vuln‘;dvli\l
:.‘.;"s ice jams are also formed in other places, : :‘m:.-' 'lf‘:..’s: . "“v I:‘ -':'r
idea of the probability of ice ja \ml:_z' [--rl:llnrjll‘r-; :‘:::u “ .,'. il o

rice per o sha

h"ﬂ‘““sl"":":;f‘;h:.:::"-.""l‘c'-" ':n:\::l'ug m;’ the ensuing spring.  From the figure
corre ases

cover on

the given river stretch (thickness,

R




a¢ sec that for M, {according to the Krasnoyarsk water gage

) at a water
Stage

below 240cm an ice jam formed only in one case out of 31. For M,
for stages from 240 1o 280em ice jams formed in half the cases. For M,
with a stage above 280em joe Jams formed in 84% of the cases. For H,
above 310cm ice jams formed in 7 cases

T % 5 85 8

il

FIGURE 100
River di
witial o

Helationship netween the formation of an
tream the town of Krasnoyarsk and b
Blesice period (My i cm above the ¢
¥ rameyatsk water gage)

N water sage

n line of the graph of 1

Thus, on rivers on which there 1§ always
second condition) it is possible,
period, to forecast from the

sufficient flood intensity (the
At the beginming of the stable jce
value of the maximum water stage of this
period the probability of jee Jamming at the time of ice breakup,
case, analysis can be graphical (F 1gure |
It should be noted, howe
a definite streteh of the rive
exeluded,

In this
02) or in tabular form.

'r, that although jce Jams form, as a rule, on
", their formation in other plices also s not

In particular, if ice Jammung occurs downstream of the town
Krasnoyarsk, then the probability of ice jamming downstream of the town of
decreases, since at the moment of the break through of upper ice jam the
ice cover on the lower stretch has already had time
more reliable forecast of the probuability of ice
have observations not for a single

to disintegrate, Fora
jJamming, itas necessary to
isolated gaging site, but for a serjvs of
closely- situated sites on the stretch above and below the main site,  In
important ¢ ‘S the probable places of jce Jams can be determined from
ice courses at the end of the winter

For not very high stages M, the probability of ice Jamming on such a
stretch apparently also depends on the preliminary measures taken to
break up the wce cover, in particular by explosions.

On other rivers, in particular on rivers of the west of the ETS, the
principal index of the possibility of the formation of an ce jam s the rate
of the water-stage rise before jee breakup, A certain dependence of the
probability of ce-jJam water-stage rise on the negative air temperature
at the time of ice breakup is also observed.  Figure 103 shows the
relationship between the probability of ice jamming on the Neman Rive r

downstream from Keunas (before the s oostyact fore b
clectric plant) and the rate of the water =stae g - ' P '
temperature,
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In this figure, for cach case of ce hroakop v 2 . i et i
: h . ng * ) P TR T TR e
(in cm/day) at the water gage of Kaunas, during ; e o
a rise at a rate of not less than 10em/day 10 1he Sty prec o . P . ,
ice push, is plotted above the abscissa and o ¢ ean .; . "
temperature, the lowest of thoge observed i e boeee e 2 i
" ; 1 | TR . - a
day, 1s plotted below 1,  The shaded arcas 1
¢ ihet s o . Wi pas
of the breakup an ice-jam Stage rise was ob v e

It follows from Figure 103 that if the aur tomy
breakup 1s positive, ice jams form when the .-v
rise is not lower than 24cm/day, If the mr v i e Yo
of breakup below =257, 10¢-)um Stagr rise ~'--' -
water gage a.so for lower rates of stag ll-ﬂ” I

The probability of ice jamming for a m: Vl.l i
than 24cm/day is 93%. The total confidene e in !
forecasting ice jamming, taking into account 1-‘:‘:.
air temperature at the time of ice break ’Pf ""

The rate of stage rise can be deternuned fi
forewarning period of 2-3 days. s

To forecast 1ce jamming in the casre of a n',"“ ’
24cm/day the air temperature forecastin ;w

The method of forccasting ice Jamming :r“.'
ice breakup and from the air temperature o et . Waian:
originally developed for the Neman Ruver ‘—:-‘.- e
also gave good results for rivers of the a
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Forecasting o1 ice jumming from spring characteristics — rate of stage
rise and air temperature — does not exelude, in principle, the possibility
of forecasting the probability of ice jJamming from autumn characteristics
— the rise of stage at the beginning of the stable ice period, autumn ice
pushes, etc,

The forewarning period of forecasting on the basis of the rate of stage
iS¢ can be increased by analyzing (from observation data) the dependence
of the rate of stage rise on its determining factors,

r

§ 3. Forecasting the maximum water stage caused by
ice jJamming

It should be noted that a technique of forecasting maximum ice-jam
water stages has been successfully obtained, till now, only for river

stretches where jce jamming is due to a general decrease in the river slope,

For such conditions the main factors determining the maximum stage
rise, AHy, over the pre-jamming stage at a given point upstream from the
ice jam (§ 1) can, for the purpose of obtaining a forecasting technique, be
summarized as follows: L

1) the thickness of the ice cover on some river stretch from which ice
arrives to the given ice-jam stretch, A, ;

2) the depth of the snow cover on the ice (and in the basin), A wi

3) the rate of water stage rise before the beginning of ice pushes or
before the beginning of the ice-jam stage rise, §;

4) the ratio of the total heat input per unit surface of the snow-ice cover
in the region of ice jamming (Zgq,) to the total heat input per unit surface of
the snow cover in the region of nun(f formation during ice jamming (Zqu);

5) the onset of a negative air temperature in the ice-breakup period (0.)

In general, the following should also obviously be taken into account:

6) the character of the ice cover on the expected ice-jamming stretch (1)

If large tributaries flow into the ice-jam stretch of a river it is
necessary to introduce in the caleulation also-

7) the difference between the time of breakup on the main river and of
its large tributaries, which flow into the given river stretch (Af).

Thus, it is possible to assume that

AH,..==I(*.¢. LA -H—' o, i/, M)- (.vi

However, it is not always necessary to introduce all the factors
appearing in equation (1,VII). It is obvious that if there are no large
tributaries on the given river stretch Al may be excluded,

In methods of forecasting for stretches with a general slope decrease the
ice-cover characteristic on the expected ice-jamming streteh (J) has to be
introduced only in the rare cases which were preceded by winter breakups
with subscquent formation of ice Jams and gorges,

In some rivers a negative air temperature @ in the period of ice breakup
is extremely rare,

With a small difference between the amonnts of heat input during the
melting period in the region of ice formation and the region of flood
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formation, which determines (among other factors) the process of ice
.

z' E *lude: the calculation,
jamming, “o— may be excluded from th il

X

In some cases the effect of the rate of water-stage rise @ 1sinsignificant
Even R which, for example, in western regions where at strongly

. has e offeet on

varies, has a decisive influence on the value of AH ., s it ffect

AH . on rivers of Eust Siberia ' B
To forecast maximum ice-jam water stuge for the Tom River a 1

Ve
of Tomsk, it turns out expedient to include only k. h... 1, 'q‘- and 0.,

for the Neman River at the town of Kaunas only b, 0., I, AL, !ulr' the l na
River at the town of Olekminsk, where the backwater oft "v from th -Ax; ‘
jamming downstream of the mouth of the Olekma River extends, 'n. L .
i It is not always possible to say beforet 1w tors, for exampls
of those involved in equation (1 VII), are the detr
streteh and should be introduced in the forecast !
those whose influence can be neglected.  This should be
analyzing the corresponding observation data
We give below, as an example, the nque of for
ice-jam water stage of the Tom
Ice jams at the time of breakup of

ones for a given

toan of Tomsk

downstream foom Tomsk are

Aater stage vars vithan

observed every year, but the u B ¥ i
wvide limits - from 497 cm (1944) o 1103 cm (1947) ahoye oz
the graph plorted at the gaging site near the town of Tom
Here, ice jamming 1s due to climatic conditions,
and propagation of the flood wave from the upper o
parts of the basin and to the morphe “ p:'r'n : th ) O
shich favor ice jamming  The basin of the Tom River oxt ‘, |... .’ A
south-southeast to the north-northwest.  This is also the general direction
of river flow. All the upper part of the basin, approx ey ta
of Novokuznetsk, and the right-hand bank, farth » dnu- it
the town of Kemerovo, is m‘-url'.n:‘l:‘x; -‘;l-‘-k;‘n‘:,: :“l r l‘! r‘- t!-‘ .‘l.'

stroam &

up to the town of Tomsk has 4n a

the Tom River bel e town of Tomsk, somewha ) . ;
" X 4 v ] o river

the region of the village of Beloborodovo, the general slope of '

consideably decre
There are no
of the determining factors
Since there is a considerable general deerea
river stretch and no winter ice breakups occur %
characteristic on the ice-jamming streteh, I, need '- :
the determining factors  This is confirmed by i joint &

arge tributaries on the given stretch, thy Al s nt one

‘yEis

observations data for the water stage during """-?{ng ..:-.g ;r. .;I . ,..?
the period of ice breakup and data on the character of e ir i an
» o Feete )
measurements of the ice thickness on (I»l‘sukb?ll I] caamdmen il it
" o 4 should, 1ina o « 1
The remaining factors in equation (1 STl gL ik

physiographical conditions, e« ns:derably ;
\:s'\-f'rlfv this by comparing (by plotting graphs
with the annual values of cach of these factors
the conclusion

values of AH .-

Such a verification confirms

the annu




Thus, we assume for the Tom River at the town of Tomsk

AH .= f
A negative air temperature at the time of ice breakup does not oceur

every yvear but only in some cases. The influence of 0. is therefore taken
into account in the form of corrections to the values of AN,,. obtained from

aH, --[(h.,, A i, {%‘ﬂ\ (3.vin

Owing to the absence of sufficient data on the ice-cover thickness K,

oo Mo H‘ﬂ.l_). 12.v11)

for a given river stretch we take it approximately proportional 1o the square

root of the sum of mean-diurnal negative air temperatures, using the well-
known formula (h.=m ¥ Z0.) In this case we determine the quantities X0.
for the period from the beginning of the stak's ice formation 10 January
inclusive, sinee for the Tom River at the town of Tomsk, according to the
laws governing the growth of the ice cover, the values of ANMm were found
to be somewhat more closely related to Z0. during this period than to £0.
during other periods, also during the whole stable-ice period,

From the values of . obtained from ice courses taken by the west

Siberian branch of UGMS on the Tom River from the villuge of Polomoshnoe

to the town of Tomsk (during 9 vears), the mean value of the coeificient m
of VZ0- was found to be 1 dem . degrees-%%,

The mean rate of the stage rise at the Tomsk gaging site, during a
period from the beginning of a rise of approximately 10cm per day to the

i s
seginning of a sharp stage rise due to ice jamming (i= _’:4.’ was taken

as a characteristic of the rate of rise of flood intensity before breakup, §

We express the relationship between the amounts of total Leat input per
unit surface of the snow-ice cover appr oximately by the ratio between the
corresponding sums of positive (mean-diurnal) air temperatures at the
meteorological stations Tomsk (Z0) and Kondoma (X8,), situated in the
upper part of the basin, during the period from the beginning of meiting
until ice breakup

Thus, we have to find the relationship

AH, =I(VE_0_—. b, i, E!:-‘—) (4.VI1)

Obse cvation data show that the dependence of AM,, for cach factor of
equation (4.VII), can be taken as a linear function. This makes it possible
to solve cquation (4.VI11) by the least-squares method.

Not having data for a reliable determination of the dependence of the
annual values of the factor M on the factors determining it, we assume it
constant. [n this case, the final result of the calculation of AM,, does not
Adepend on the numerical value taken ‘or i,

Analysis of the graphs for My and their variables shows that cooling
causes an additional rise in the water stage, if it begins before the ice
breakup on the Tom River in the region of the main center of jce jamming
downstream from the townof Tomsk, and not earlier t one day before
1ce breakup at the town of Tomsk, and if the mean-diurnal air temperature
was lower than =1.5".  Such conditions and, accordingly, an additional

stage rise in the period from 1828 to 1958 were observed in 6 years (1035,
1947, 1948, 1950, 1956, and 1958)

Then, from observation data for the period from 1928 to 1958 (25 typical
years), excluding data for the above f years with temperature drops, we
find the numerical expression for equation (4.VII) by the method of least
squares:

0. 1,

8H, = 1209V W 4548 + 2760, — 114 5~ — (5.vi)

where AH., 18 the maximum water-stage rise during ice Jamming over the
prejamming stage (in em) according to the gaging site near Tomsk, @ 1s

the mean rate of stage rise at the town of Tomsk from the beginning of a
rise, approximately by 10em per day, until the beginning of a sharp rise in
the stage due to ice jJamming, in cm/day; Z0_ is the sum of the mean=
diurnal negative air temperatures from the beginning of the stable ice period

alam)
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of the meaneuiatnal aie temperat
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to 31 Janury; A, is the mean of the ximum snow-cover depths in the
shore area of the Tomi River basin on the stretch Polomoshnoe- Tomsk
hefore the beginning of meiting {according to sn irse data), inem;
Z0: is the sum of the mean-diurnal positive air temperat according to
the Tomsk meteorological station daring the period from the beginning of
melting until the ice breakep on the Tom River at the town of Tomsk
(without the air temperature in the breakup day and 2 days before ice '
breakup): X0 is the sum of the mean-diurnil positive ir temp: ratures
during the same period according to the Kendoma meteorologie al station
We use (5.VID) to calculate the vaues of AM. for the above-indicated
eed an additional rise an the water stage

W=

cases when a cooling which cau

was observed.  Subtracung the calenlated values from the actual Ligires

hLE]




for AM,,, we obtain the vawes of the additional water-stage rise due to
cooling, MAMH.). For ecach of these cases we find from the observation data
the lowest of the mean-diurnal air temperatures @. during the time from
the first day before ice breakup on the Tom River at the town of Tomsk
unti! ice breakup on the Tom River in the region of the village of
Beloborodovo (in the arca of the main center of ice jams),

From the values found we obtain the graph of the relationship (Figure 104):

AAH, )=f(0) (6.V1n)

When preparing a forecast of the maximum ice-jam water stage My, the
correction for the cooling during the breakup period A(AH,) to the
maximum ice-jam water-stage rise, AM,, calculated by equation (5.VII),
is determined from the graph in Figure 104,

The forewarning period for the Tom River at the town of Tomsk amounts
verage to 4 days, decreasing in a number of cases to | day and
sing to 11=-12 days,

The forewarning period can be increased by predicting the daily water
discharges or by introducing into the calculation instead of the rate of water
stage rise, its determining factors.
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APPEXNDIX 2

Some Synoplic terms #neounter d in *he handbaok

Absolute topography (AT, The altitude s of some a
surface .r sea level in geopotential meters, presented by ; W ; n
a synoptical map A more gencral term:  absolute harome 'l- 1 er y N

Advectie Ihe process of transport ofaivin? Fizonta ..l-

W hen heat 18 transported from a region of hgher SR ,I ‘
temperature the term he ot adve 3 sl et “ e
transport from a region ol lower 1 highoer tempors ‘. )

Azores anticyelone Arzner d in subtr
and tropical northern latitudes of the . ‘ ,.,_,”.,._,
the 35th parallel, not far from the Azo s ur g v
maps of the pressure distr thution . v )

Antievclone. A regionofh « -_
1sobars. iem the northern hems re wina hlov roun ' ~‘~‘ in '
ant ne 1n a cleckwise sonse. The hines of Now 4 v ,,. f
an anticvelone have the form of spirals whick ' ; Nt
ahile above the friction level n.5-1.5 ST t re,
general, close to the 1sobar - oy S )

Baric topography.t The distribution of the alietu ¢ oatl
geopotentials) in geopotenty 11 meters of some : urf .- . L
level (the absolu yrometric topography) or aboyve the level of anott
lower-lying 15ch syrface (relative barometrie opography )

Baric systems. Regon n the terrestrial atmosg with
definite, charactermnste r=tribution of the ptmosphoric pr ) ¢ ol m
of the baric field Baric systems are ma 1v divided into gl W -
pressure r
: Barte gradient, The veotort
dimensional variation n the osnh

Height chart taerd chart),

or to some (sobar ria
vpotential, The potd itial ene \“'
the position of the latter in the [ield «

int of the atmosg re 1S numerica '

wed 1n order to raise a unst of
ven point, .
Geopot l‘nl val meter (GoM J." 1S 0 .|\1.|I“"-.‘l.~! wor K ‘--“w' ;v,_ o b

avity an order o raise a

performed

. ted |
: . : 2 et
¢t [ihe ' ¢ S
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of 1 m in the case of an acceleration of gravity of 980 cm/sec?. Ten geo-
potential meters are equal to one decameter (dkm).

Ridge. Extension of a high-pressure (anticyclone) region,

Natural synoptic period. The time interval during which such
a thermobarie Nield is maintained in the troposphere, which determines a
definite direction of displacement of baric formations at the earth's surface
and the preservation of the geographical position of their centers.

Natural synoptic region, A considerable part of the hemi-
sphere for which it 15 assumed that atmospheric processes above it possess
important loeal regularities. The northern hemisphere is divided into
three natural synoptic regions: (1) from Greenland to Taimyr, (2) from
Taimyr to the Bering Strait, and (3) from the Bering Strait to Greenland.

Isobaric surface, A surface of equal pressure; an imaginary
surface in the atmosphere at which the atmospheric pressure is the same
at all points,

Isohypses. Lines of equal altitude. In meteorology the isohypses
refer most frequently to the 1sobaric surfaces on altitude charts in which
the altitude does not denote the heigkt but the geopotential, expressed in
geopotential mete rs,

Circulation index. Some numerical quantity characterizing the
intensity or other features of the general Firculation of the atmosphere over
the whole hemisphere or a definite region of it,

Baric topography maps (isobaric-surface contour maps).
Synoptical, mean or climatological maps, in which the altitudes (or rather,
the geopotentials in geopotential meters) of some isobaric surface over sea
level (absolute 1sobaric surface contour map) or over the level of a lower-
lying 1sobaric surface (relative isobaric surface contour map) are plotted.
Isobaric-surface contour maps characterize the two-dimensional pressure
and temperature distrit in the troposphere. The notation is: Hgy—
the absolute 500 mb i1sobaric-surface contour map; "rr:'\o' the relative
contour map of the 500 mb isobaric surface above the 1000 mb surface.

Millibar (mb). A unit of atmospheric pressure equal to 1000 dynes
per 1 em?. 1 mb =0.001 bar which represents a pressure of 1 million
dyncs/cm?,  To convert a pressure given in mm Hg to millibars it is
necessary to multiply the number of millimeters by 4/3.

Relative geopotential. The geopotential of an isobaric surface
at a given point, not measured from sea level but above a lower-lying
isobaric surface. The magnitude of the relative geopotential at a given point
for definite isobarie surfaces depends (to a first approximation) only on
the mean temperature of the air column between them.

Surface-boundary map. A synoptic map based on observation
data from a network of ground-based meteorological stations.

Composite-kinematic map. A map on which the centers of
cyelones and anticyclones as well as their trajectories during some time
interval (for example, during a natural synoptic period) are plotted.

Siberian anticyclone. The hibernal Asian anticyclone.

Synoptic conditions. Those synoptic processes which determine
some atmospheric or in general geographical phenomena (for example,
ice freezing or ice breakup on rivers).

Synoptic season, A time interval during which atmospheric
processes, similar in geographical distribution to the main baric systems
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and the directions of the motion, prevail. Usually six synopuc -u-au.rlm. -
beginning and ending in each year at d\ﬂ‘erenl.dnrles. are -nsh"\uutmtwt r
the average, the seasons are divided [in the USSR| as follows: '\u’n "m
from the middle of December to the middle of March, spring Y -rm r“
middle of March to the middle of May, first half of the snmmv-:' - |r>n: ,“'
middle of May to June, the second half of the summer — from Juiv :nl 1 "f
first half of August, autumn— from the middle of August to the .!m’- dle o
Octobe:, pre-winter — from the middle of October to the middle o
December.

Transformation of an air mass.

sen baric formation,

P"Dg'?vl':lli‘:’::.l !J::lc:lmnsphorlr disturbance with a reduced mir pressure
Y r) and with the air circulating around the

The gradual variation in mr

{minimum pressure in the cente ‘
center (in the northern hemisphere counterclockwise) .
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