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THE TEFIPORAL @JD SPA"E"AL CH&XGEABI&fT'Sr: OF ICE PMEHQMEMA AMD THEEFl EOMG-TERM 
FORE CASTS 

By: T. N. Makwevich, Z. A. Yefirnova, V. A. Bumyantsev, L. K. Savina, R. Ya. 
Uekseyenks, S, V. Shanscthkin 

( G G I  , Leningrad) 

Recently, t he  practice of long-tern forecasting of ice regime elenents o f  
rivers has come t o  include phyzico-statistical methods to a greater and greater 
extent. One of these most widely used nethods i s  the method of forecasti~li: the 
characteristics of the  i c e  regime accordini;: to the data f ie lds  of meteorological 
elentents wi th  t h e  prelimi:lary arrangement o f  these f i e l d s  on the natural ortho- 
gonal components - t h i s  began to be used i n  1968 at the Hydrometeorological Center 
of the  USSR (81, and somewhat la ter  ir, G G I  (3).  At the  same time, t h e  accuracy 
of long-term forecasts, par t ; icular ly  far rarely repeated years, remains as before 
far from sa t i s fy ing  t h e  requiremats o f  questions. Fur ther  research into the 
possibilities of perfecting the ex i s t ing  methods and f inding new approaches to 
solving this problem are necessary. 

For this purpose, the authors  made a detailed stat is t ical  a n a l y s i s  of t h e  
longest series o f  observations o f  elements or' the ice regime om rivers with 
di f fe ren t  t ypes  o f  ice formations: st;able - tkii, northern area rivers (56 moni- 
tor ing  stations f , unstable - t he  Danube River (20 nonitoring stat ions ) , a d  
t r a n s i t i o n a l  - the Transbaltic Rivers (27 monitoring s Cations) . By statistical 

ks analysis o f  the temporal. series, one Beans i n  this ease evaluatting and duplicatiw 
the properties of ths i n i t i a t i n g  process which lies at t he  bzsis of the series 
according t a  the available real izat ions of cha~clacteristics 3le usefilkness ~f 

ari such analysis, if it i s  of course carried out correctly, cons is t s  in the possi- 
b i l i t y  of i den t i fy ing  general p r i n c i p l e s  to rqhich all ar  part of t he  Leaporal 
series w e  subordinate. The next stzge consists in the  attempt to explain these 
principles and to f ind  possibilities of using t h e m  for the purpose o f  prediction. 
Knowledge o f  the basic proper t ies  of t h e  temporal series - ckangeabil',ty and ttie 
characteristies of i t s  periodic  f luc tua t ions  - a id  one in solvf~ng the  primary 
problem - pred ic t ing  the behavior of a temporal series in the fu tu re .  

The successfulness o f  employing the most modern methods of? stat is t ical ly 
analyzing time series - spectral and corre la t ion  analyses - depends ch ie f ly  on 
the care taken in selecting data. In order tc use t he  structuz%di feature3 o f  
time series o f  the observations of charaeteris tics o f  i c e  phenomena subsequently , 
one should be certain that such series are steady, or, in other* words, that t h e i n  
basic s t a t i s t i c a l  parameters do not s i ~ n i f i c a n t l y  change in t he  course of a 
certain per iod of time. ${hen plotting the forecast diagrams, an objective check 
or" the series for steadiness has  no t  been nea r ly  carnied o u t  up t o  this p o i n t ,  
ydhich could not f a i l  to have an effect on the r e s u l t s  of emplnqping some parti- 
cular forecasting methods , 

*-d 

A check o r  the skeadiness o f  the mean value o f  X 



where x. is the va lue  o f  the t ine series a'. the j - th  moment in t i m e ,  was carried 
o u t  accdrding to the following cri ter ion 

2 here sZ and s are the d i spers ion  estimates : 1 

The s lowly  changing t r end  in the average value  leads tq an overage in the 
2 estimate o f  s and has  practically no effect on the value  3;. Tb~e series i s  

recognized as a steady-state series in re la t ion  t o  the average value if the cal- 
culated value  o fo j fa l l s  i n t o  the critical region 

where n is the length o f  the series, t is t h e  q u m t i l  c f  the  normal law. 
9 

A check on the steady-state n a t u r e  o f  dispers ions  and corre la t ion  funct ions  
was made by means of comparing the estimates of dispers ion and the  autocorrelation 
function obtained according to the components o f  the successiveLy shortening 
series (Figure 1). 1x1 order to give an objec t ive  aswer to the  q u e s t i o n  of 
whether dif ferences betrqeen the  selected estimates are significant, with  respect 
to Chose obta ined by the separate components o f  t h e  series,  one uses the  Bartlett 
criterion in the case o f  dispers ion  ( 6 ) ,  based on statistics 

while in t h e  case o f  th2 intraseries c o r r e l z t i ~ r ,  function the following s ta t i s t ic  
IGas used 



Figure I. Autocorrelation functions of the times of appeara2ce of ice on the 
Severnaya Dvina River and near Medvedka monitoring s t a t i o n  p l o t t e d  fo r  me en- 

tire series and i t s  successively shor tening 
components I 

1 - 70 years,  2 - 60 years, 3 - 50 years, 4 - 40 years, 5 30 years. 

Both s ta t i s t ica l  componen5s are approximately d i s t r i b u t e d  as ~ ' c  N - 1 
degrees of freedom. In the  c i t e d  expressions,  N i s  the n u h e r  o f  components 
into which the series is djv ided ;  n i  i s  the  number of members irk the  i - t h  
component o f  the series; 8' i s  the selected estimate of d i spers ion  obtained 

i according to the  i-th component; 

where (k )  is t he  selected estimate of the  in t raser ies  correlation function 
upon a s h i f t  by k t . lni ts ,  obta ined according to the i - t h  component of the  series : 



The c i t e d  analysis o f  time series of ice regine characteristics of r i v e r s  
w i t h  a probab i l i t y  r e l i a b i l i t y  o f  95% shored t h a t  t h e  number of sect ions according 
to which t h i s  hypothesis  is n e t  satisfied does not exceed ths permiss ible  value 
o f  5%. T h i s  enables one to ~ o n s i d e r  that the  e x i s t i n g  series do not contradict  
the  hypothesis o f  weak steadiness. In other  rmrds, t h e  warming af the climate 
observed in the 1930 's  as t g e l l  as a number of other  factors, for example, the 
growing role of hwan a c t i v i t y ,  has not yet  l e d  to t h e  appearance of' s ignif icaqt  
t r ends  in the basic parameters o f  the  ice r e g i ~ e  of' r ivers.  

Here it is necessary to provide certain explanations on the  sub jec t  of . t h e  
unsteady i c e  regime of r i v e r s  averaged in a series o f  elements and observed 
earlier by certain investigators ( 9 1 ,  Only a qualitative check of the series 
for  steadiness was made in t he  indicated works without  us ing  any objective 
criteria.  We shall also note  that one cannot f u l l y  r e l y  on t h e  steadiness o r  
unsteadiness of a series according t o  selection of' the  f i n i t e  volume. The fact  
t h h t  it appeared to be a t r end  of the average volume o f  data available at t h a t  
time, with the  existence of a large number o f  data, could prove tlo be simply 
a branch o f  a prolonged "cycleH. The cpposi te  is also poss ib l e  - the series 
t h a t  seem to be steady series at a given moment in time w i l l  prove to be unsteady 
in a d i f f e r e n t ,  longer span o f  tine. 112 both cases there i s  a certain dmger of 
placing too much f a i t h  in t h e  r e s u l t s  of ex t rapola t ion  with t he  nlecessity of 
making a dec is ion  f o r  a s ign i f i can t  period of time into the  future. 

Unfor tunate ly ,  i n  hydrology we are always in a pos i t ion  in which it is 
necessary to make a dec i s ion  us ing  o n l y  t he  available data. Therefore, if a l l  
of the available informztion ind ica tes  the absence o f  s i g n i f i c a n t  changes in 
series of elements o f  the  ice regime of r ivers ,  our decis ion s h ~ u l d  recognize 
t h e  steady-state as reali ty.  Consequently, we have every  basis t ~ o  employ d i f -  
ferent s t a t i s t i ca l  methods n o t  only with  respect to an i nd iv idua l  component of 
the series, beginning in the 193OPs, but  also w i t i l  respect La t h e  en t i r e  series 
as a whole, inc lud ing  earl ier  years, which makes t h e i r  very app l i ca t i on  more 
well-founded, 

A t y p i c a l  feature o f  a q u i t e  long t i ~ e  series of observations of a certain 
characteristic o f  t he  i c e  regime of rivers i s  the presence of prolonged irregu- 
lar f luc tua t ions .  By s tudy ing  these f l u c t u a t i o n s ,  one can conclude t h a t  they 
can be represented as t h e  t o t a l  of somewhat more o r  less regular f luc tua t ions .  
In order t o  s tudy t h i s  vrr.ixturen o f  regulari ty and Frregu2.arity in t h e  series 
of r i v e r  ice regime characteristics, spectral ana lys i s  provides the n a t u r a l  
approach from t h e  mathematical viewpoint.  

There e x i s t  many problems related to obtaining estimates of the spectra 
a d  o f  the themes c h i e f l y  due to a ce r t a i n  extent to t h e  obvious .fact t h a t  i t  
i s  not  alwaya poss ib le  satisfactorrily to describe the  i n f i n i t e  se-t when only 
a f i n i t e  nunber o f  data i s  given.  Hawever, t oday  f u i l y  s u i t a b l e  inethads have 
been developed for estimatirig spectral d e n s i t y  N.1. These havis the follow in^, 
f s ~ n ~  9 



and are only  d i s t ingu i shed  by t h e  choice o f  weights Ak, Here m is the point 
of truncation or the maximulm number of employed changes, convent ional ly  taken 

#I at random from the condit ion m < ( n ) ;  R i s  t h e  estimate a f  the covariation - 
3 (fg) 

function taken upon the change in k: 

~ The Tfyuka-Xhening estimate was used in the work (10) 

As the result of this, we i n i t i a l l y  obtain t h e  rough estima.tas o f  the  
spectrum 

where Lml = Lclt LmWl = L and then by means of smoothing tre s h i f t  to t h e  m s l  " 
f i n a l  estimates or" f (aj) 

R. 

Spectral a n a l y s i s  provides a q u i t e  crude method o f  determining t h e  rea l i ty  
o r  cycles by i d e n t i f y i n g  whether they in t roduce frequency bands t h a t  correspond 
to t h e  cycles t h a t  make a c o n t r i b u t i o n  to the t o t a l  series dispersion; i t  is 
c!rude in t h e  sense tha t  a precise establishment o f  this Tact requires that the 
l eng th  of t h e  series be at Least 7 times longer than t h e  length c f  t he  longest 
cycle. Hence, in order t o  determine, for example, the v e r i t y  of a 22-year cyele, 
one should have data f o r  a ninimum o f  150 years, i ~ h i l e  ta determine t h e  v e r i t y  
for  an 11-year cycle one needs data f o r  80 ifears. Inasmuch as the  reliable 
hydrological  series are u s u a l l y  muck: shor t e r ,  then it is clear that  tasking 
such cycles according t o  t h e  separate series requires t h a t  we halve more data 
than we ds 

In order8 to o b t a i n  nlcre re l iable  ideas about t h e  r ea l i t y  o f  the  long cycles,  
t h e  single escape, to our view, consists  i n  a joint spectral ana:lysis carried out 
according to several 3eries with subsequent  averaging of  t h e  selected spectra 
for a group o f  rivers that are homogeneous wi th  respect  tc the  cc3rrelation (spectral. 
function1. F1iher! certain cond i t ions  o f  averaging are observed, the estimate i s  
equiva len t  !lo an estimate of a spectrum which could be obtained ;2ccording to a 

,- significultly larger number of members than t h e  length of each i t ld iv idual  series. 

A check of the  in t raser ies  correlation f u n c t i o n s  *"or homogeneity m s  made 
in a ~gosk (11, 



In the process o f  t h e  combined s ta t i s t ica l  analysis o f  t h e  time series of 
t h e  ice formation periods on r i v e r s ,  covering a q u i t e  extensive t e r r i t o ry  w i th  
varying regimes, a la tent  quasi-cyclical nature  was i d e n t i f i e d  which can provide  
a certain effect when plotting t h e  for%ecast links (F igure  2 ) .  

Figure  2 .  Selected estimates o f  spectral dens i t y  f ( w )  o f  the times o f  appearance 
of i c e  on rivers, 

1 - Severnaya Dvina River - Abramkovo monitoring s t a t i o n ,  2 - Vychegda Ziver  - 
SolFvychegodsk monitoring s t a t i o n ,  3 - Danube River  - Budapest monitoring sta- 

t i o n  ( w  - frequency, T - p e r i o d ) .  

It should be noted t h a t  the  character o f  t h i s  quasi cyclical na tu r e  i s  practically 
i d e n t i c a l  in a l l  three rivers ( the  nor thern  area, the  Danube, the Transbaltie 
area). One can i d e n t i f y  21-year and 22-year cycles in t h e  first series; certain 
differences pertain to t h e  s h ~ ~ t e r  cycles - the  5 and ?-year ones. The commonality 
o f  the i d e n t i f i e d  cycles i nd ica tes  a single global p r i n c i p l e  o f  their origin. 
Relative to t h e  cycle which l a s t s  approximately 11 years, cne can conf ident ly  
s ta te  t h a t  it has a solar na ture  (4, 7 ) .  According t o  geophysical investigations, 
t h e  na tu r e  o f  the  22-year cyc le  is e v i d e n t l y  associated with t h e  var iab le  sign ,nor' 
t h e  magnetic f i e l d  of two 11-year cycles, the  even and odd; a d  in the meteoro- 
logical processes t h e  22-year cycles f r e q u e n t l y  appear more no t iceab ly  than the  
Il-year cycles ( 5 ) .  

We s h a l l  exxuoine the use of c y c l i c i t y  for  purposes  o f  forecasting i n  greater 
detail a p p l i c a b l e  to t h e  Danube River. An analysis o f  changeab i l i ty  o f  ice phen- 
omena on t h e  Danube demonstrated the most clearly pronounced 22-year c y c l i c i t y  
in the fluctuations sf the l e n g t h  and onset  times of ice phenomena; to a signi- 
f i c a n t l y  lesser degree it appeared in t h e  times o f  the river's freeing from i c e .  

An attempt is made in t h i s  study t o  estimate t h e  p o s s i b l e  (effect o f  solar 
a c t i v i t y  in its 22-year cycle on processes o f  i c e  formation. I n  t h i s  case, a 
method o f  analyzing c y c l i c i t y  f o r  hydrcmeteorologieal forecasts whjch was sug- 
gested by V. N. Kupetskiy was used ( 2 ) .  According to the table  cf "epoch s p p l i -  
ca t ionH,  by knowing three factors - the p a r i t y  o f  the  11-year solar cycle, the 
phase f rise or f a l l )  a d  the value  o f  Wolf sunspat  numbers, the correlation 
diagrams can be constructed. One can i d e n t i f y  certain principles i n d i v i d u a l l y  



for the odd a d  even cycles i n  t h e  diagrms in the farm s f  direct and reverse 
links. The va lue  of the Wolf. sunspot  nmber  is assu~ec! to be t h e  actual value 
f o r  t h e  current, year or f ~ r  a foreeast whose v a l i d i t y  is q u i t e  high. In indi- 
vidua l  years the links are poorly expressed and therefore t h e  forecast for them 
should not be ziade according to the submitted method. Such years inc lude  the 
years following t h e  maximum o f  the 11-year cycle, before t h e  minimum and the 
year o f  t he  minimum. Fusthermore, in a number o f  cases t he  i d e n t i f i e d  relatien- 
ship is vaguely expressed due to t h e  i n s t a b i l i t y  of characteristics of t he  ice 
regime and t h e  limited na tu r e  of t h e  series - t h e  observations encompass a total 
o f  3 o r  4 22-year cycles, which hinders  i t s  s ta t i s t i ca l  basis. 

The authors e~mpiled ver i f i ca t ion  forecasts of the  times o f  appearance o f  
ice for years o f  t he  current  20-year cycle (1964 - 1971) during t h e s e  years in 
the region of the  even 14, 16 ,  and 18-year cg i . There were un,satisfactory 
results from 8 years in 2 instances (1965 and 7.:. in 6 cases the error did 
not exceed t h e  p e m i s s i b l e  one and of these, i t  ..ses i t  was O s 5 days (see 
the table)* 

O;ne can anticipate phases o f  development o f  the  Danube i c e  regime in up- 
coming years according t o  t h e  prediction o f  the Wolf sunspot numbers. The a u t h a r ~  
have compiled a foreeapt of t he  length of the i c e  phenomena and the tines of t h e i r  
onset fo r  1973 - 1974 which was fully valid. 

V a l i d i t y  of Forecasts o f  Dates o f  the  Appearance 
of Ice an the  Dmube River 

-- 
F 

Date of Appearan- of Ice 

O l i r  investigations o f  t he  character of t h e  relationship o f  solar a c t i v i t y  
with the ice phenomena showed that i t  is p a r t i c u l a r l y  clearly manifested in 
the extreme years, wi th  respect to icing. 

We s h a l l  examine an exmple at a similar r e l a t i o n s h i p  of the  d ~ p a t i o n  cf 
t h e  i c e  phenamena, the greatest assigned value  (according to the Danube data) 
r.rith the I.301f sunspoC numbers in the current  yea r .  A s  is ev iden t  in Figure  3 ,  
the highest co r re l a t i on  coeff icients  charzcterize y s a r s  whose i c 2  phenomena are 
prolonged (over 35 - 40 years) and years with ni ld  development o f  i c e  phenomena 
(dura t ion  less than 20 days ) .  



Figure  3. Relationship of cor re la t ion  ca- 
eff ic iencs  r bemeen %he durat ion of i c e  
phenomena on t h e  Danube River (Budapest - 
Mokhach) , the highest se t  value  Tp, and 
the Iga l f  sunspot  number for January of 
t he  current year and the vafue of T 

P' 

The small circles indierate t he  nunrsber o f  
years, 

With the  exception of cases near t h e  average 
mul t iyear  value o f  dura t ion ,  the carrelation 
coefficient s h a r p l y  increases - from 0.32 
to 0,58. 

Investigation of  the changeability or" 
ice phenomena in comparison with c y c l i c i t y  
made it possible to ob ta in  a certain idea 
about  t h e  tendency of dsvelopment c r f  i c e  
conditilans in succeeding yews, I d  is 
ana'l;?dtl.ally assumed t h a t  for  t h : i s  purpose data 
on solar a c t i v i t y  could be us~ed in add i t i on  
to data on atmospheric ciretel.ation, a i d  in 

t this sense the reported resuf . t s  are viewed as 
t h e  first stage of t h i s  kind of investigation, 
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PIOBERN PRINCIPLES OF DEELOPZNG WTdQDS OF LBMG-TEM FORECASTXHG OF 
R f  V E R  FREEZING &"t%D TMhI4EMG 

By: Ye. I. Savchenkova, Ye. S. Karakash, N. D. Yefremwa, and 
Ye, G* Antipova 

(The Hydrometeorologieal Center of tm USSR, 
~ ~ O S C Q W )  

h r i n g  the development o f  a method of long-term fcrecas2ing af the apjearance 
of f laa t ing  i c e ,  it is expedient to estimate wiien %he i iutum cooling of the water 
begins wi th  a high degree o f  timeliness m d  how intens,ir.ely it w i l l  occur. 
course o f  rater cooling depends in t h e  f i n a l  ana lys i s  on the devel.opraent o f  at- 
mospheric processes, and the frequency and i n t e n s i t y  s f  w8ves or cold m d  heat. 
Nearly a l l  methods of Long-term forecasting 3.f the times of appearance o f  ice 
are based on an a n a l y s i s  of atmospheric processes in the months t h a t  precede 
t h e  appearance of the i ce,  

B t t ~ r n p t s  to use statistical methods fir investigating atmafspheric processes 
and their inter l -e la t ionships  have been mde Tor a iang tine, Clo~relation analyses 
have usua l ly  been used. Many synopt ic  r u l e s  ( t h e  method of analogs: rhythuns, 
etc . )  that are used in long-term weather forecasts have been the r e s u l t  of the 
statistical generalization of mterials. Still, t h e i r  use i z l  k2ydrology do33 not  
always provide good resul ts .  

Regional characteristics of t h e  synoptic processes are used d u r i ~ 4  the 
c8eisePopraaen"cf nethods o f  i ce  forecasts, Thase characteristics 1p~eB3, refl2ct 
t h e  temperature of the air near t h e  ground or its deviat ion from the normal 
value. Thus, f o r  example, the durat ion of the western s h i f t  in November, which 
carries heat in t h e  per iod  of Peez ing  o f  "ihe upper and middle Volga, depends 
upon t h e  developed temperature contrast between the sea and t h e  land.  Tkiis 
contrast  i s  estimated according to the difference betrqeen the  ground and ~gater 
surface a i r  temperatures. When the iqesterly c c n t r a ~ t  shift i.s prolonged but, 
not great, t h i s  means t h a t  the ocean is supercooled ~* .h i l e  t h c  cont inent  is w s r m  
and ",he air moves over the hornog~neous under lyxr~s  surface without experiencing 
the effect of thermal heterogeneity af the  sea and dry land. 

Central Asia can serve as another example. The wintsr  s y o p t i c  processes 
of t h i s  t e r r i t o r y  are characterized by predominance on the southrqestern p e r i - $  
phery of the Siberian anticyelone,  which can be e i ther  cold or :$arm. Depending 
upon this factor, the winter in Central Asia is severe, with a p r l o n g e d  i c e  
cover on the greater extent of the *hudar  yya and Syrdart ya Rivers ~ i i t h  f loa t ing 
ice on rivers in the extreme routi;, o r  is-so i g a r m  t h a t  the i c e  ccr'iier only 
exis ts  in the low water st.reatches o r  t h e  Syrdartya River, B a s w ~ c h  as the 
Siber ian *nti.cyclone begins to form as early as September, then by Novenber 
the d i s t r i b u t i o n  o f  air temperatwe in its 1ricFnit.j reflects the  consequences 
o f  t b e  predsminant s y n o p t i c  s i t u a t i o n ,  name2.y t h e  temperature of the invading 
a i ~  illasses a=nd their  tra~sf o r ~ ~ a t i ~ f i  

This process  i s  r e l a t i v e l y  stabli. a 4  t h e  anomaly o f  atnosphezaic tempera- 
tui-e in t h e  western p a r t  or" t h e  S iber ian  =ticyclone i n  November se v.'; 2s a 





Desp i t e  the fact t h a t  the method of expanding thc  meteorological elements 
according 'to n a t u r a l  orthogonal functions has a veritable number of valuable 
properties which have b ~ m  e3:amined in the l i terature  in suf f i c ie~ t -  detail ( 2 ,  
41, st i l l  i t  i s  very  ccjmplex for purposes of computation since it requires 
computer calculat ion,  and of course, is aot the only method of obtainiryg meteoro- 
logical information. The use o f  this nebhod in the Laboratory of" Ice Forecasts 
o f  til$ Hydrometeo~ological Center of t h e  USSR began i n  1968 to develop long-tern 
forecasts of t h e  appearance of f loat ing ice on rivers (5 ,  6, 8). The concept of 
natur;? components f o r  use in long--term foreaasts of ice phenomer~a on rivers: 
requiras additional research. Iqith t h i s  goal, i t  i s  necessary to allalyze atmos- 
pheric: processes o f  the Worthern Hemisphere, and to choose regions above which 
t h e  processes determine t h e  developmen% of ice phenomena on t he  s tud ied  rivers; 
i t  i s  only  in t h i s  case t h a t  the natural compotlents ca? correctljf r e f l ez t  char- 
a@%er$stics o f  the s y n ~ p t i 3  ~ P O C ~ S S ~ S .  

ARerward, t h e  pressure and temperature f i e l d s  as %:ell as the  H ~ Q D  field 
were expanded according to the n a t u r a l  component. The effect of expanding the 
f i e l d  irrto cornponents consists in tk;t the information. about t h e  f i e l d  component 
o f  a f i e l d  formed by many po in t s  i s  conce;itraied in a Teig components which ade- 
qua t e ly  f u l l y  impar t  the basic proper t ies  o f  the i n i t i a l  f i e l d .  During expansion, 
a process of successive separation of the f i e l d  i n t c  to ta l i t i e s  o f  f i e l d s  occurs; 
evident ly ,  those t ype s  of circulation which are most f~*equent ly  encountered znd 
y i e l d  an estimate of t h e  %eights of these f i e ld s  of t h e  examineti sei;. 

The l a t t e r  circumstance, i .~?. ,  the p o s s i b i l i t y  of presentini; t i e  i n i k i a l  
f i e l d  in the  form of a set of a limited n u ~ k s  of fields having a certain type 
o f  circulation, l ed  to the  idea of comparing them w i t h  sets of f i e l ds  obtained 
when the field o f  times o f  ice appearance an the r i v e r s  gas expalided. F ie lds  
of anonalies of air temperature for October rere cornpared si i th f:ields oi" davia- 
t i o n s  o f  the dates of ice appearance after 1 Octobe~  on the Sevel?na!~a Dvina: - Pechora, t h e  upper course of the Kana, the irtysh, the  Obs , Yeni:rejr, Lena and 
A E U ~  Rivers* 

Table 1 gives t he  resul ts  of this conipariscn according to tlne anount o f  
information on the initial f i e l d  contzined in 1, 2 ,  or inore (up to 10) expansion 
fields. It foliows f r o m  'ihe t a b u l a r  data tha t  already t h e  r'irst 6 components 
conkain 91% af fnfor~mation about  %he i n k t i a l  a i r  temperature moenaly field in 
October and 95% of  t t ie  date f ie ids  o f  ice appearace. 

Table I 
Sumary Znformatior~ ($1 .&bout t h e  A i r  Temperature iiilonaly for C)cstober and the 
T i m e s  o f  Apcesrulcs cf Ice,  Contained Success i~a l j .  ir: the  FS.rst Ten Expansion 

F i e l d s  

ilmber of expansion 
Y.ie 9ds 1 2 3 9 5 6 7 8 9 1 0  
AirP tempera%~i~<? 
anomaly G3 63 75 83 89 91 93 95 46 96 
rn = izmes o f  ice 
appear an ce 80 35 88 92 9-4 95 96 97 98 98 



Maps o f  the eigenvectors o f  t h e  temperature anomaly field expansion for 
October and the dates o f  ice appearance were drawn. The d i rec t ion  o f  the iso- 
l i n e s  which ou t l i r i e  t h e  uniform va lues  or' na tu ra l  components are similar. 

The first eigenveetor ( X l f  of the ice appearance dates eontains  80% o f  
the information. The region of negative va lues  encompasses the Yenisey Ii iver ,  
the  lower course of tha Obr Rives, the upper course o f  the Amux3 R:iver and the 
fechora River. The zero l i n 2  runs through the c i t y  o f  Troitsko-Pechorskoye 
(the Pechora River) ,  Oktyabrfskoye t r i b u t a r y  ( t h e  Obv River) ,  t h e  c i t y  of 
.% / I  -.+- abnoyarsk - (the Yenisey River),  and through t he  upper course of the  S h i l k i  
and A r e n F  R i v e r s .  It crosses the  USUT River at the  c i t y  of Vlagoveshchensk. 
Such a l ayou t  of the zero line corresponds Lo a 90% frequency curve o f  the 
dates of ice appearance on 31 October, cited in a wark ( 3 ) .  

The layout; of the f o c i  o f  positive and negative values (the po in t s )  on 
the nap of eigenvector X1 signifies t h a t  when t h e  ice  appears f t a r l j r  on the 
Lena and Yenisey Rivers ,  as well as on the lower courses of  the Obg and 
Pecho~a Rivers,  it is Bore probable to anticigate t h e  appearance of ice later 
than normal on the middle course o f  the O b g  River,  on the I r tys ih  i t iver ,  on 
t h e  upper cocsse of t he  Kama River, and on the Severnaya Dvina Rivers. 

In order to obta in  a quantitative characteristic o f  the retlat ionship 
be tween eigenveetors , coefficients of expmsion far  a 301-year series of 
temperature anomaly f ie lds  and dates o f  ice appearance were corkrelated. 
Table 2 gives the  values of t h e  obtained correlat ion coefficients. It is 
characteristic t h a t  the highes t  values of the  correlation coef  t ' i c ien ts  were 
obtained with uniform expvlsion coefficients (with the exception o f  Bg a ~ d  
n 's. 

The zero l i n e  ou t l ines  a region o f  d i spos i t ion  of the Siber ian anti- 
cyclone on t h e  mapilaps of anomaly o f  the x2 temperature f i e l d .  &I these cases, 
the ice appears on t h e  upper courses a l  t he  rivers earl ier ,  whi.ch is due t o  
t-he cold a ~ t i e y c l o n e  weather associated w i t h  the Siberian antiayclane, 

F i e i d  x3 of the ice appearance dates i s  characterized by i t s  meridional  
na tu re .  The appearance on r ivers  of t h i s  type cul be due to two char'acter- 
i s t i c  processes: the invasion of v l t i cyc lones  from t h e  Barents Sea i n to  t h e  
Obg River bas in ,  and t he  invasion of ant icyclones from t h e  Karsk Sea to the 
middle course of the Lena River ,  

These three fields not only determine t h e  time of appearance of the i c e  
on the rivers, but also determine to a cer ta in  ex ten t  t h o i r  d i s t r i b u t i o n  f o r  
d i f f e r e n t  r ivers in tine. Hencs, in t h e  f u t u r e  du r ing  the forecasting o f  i c e  
appearance times, t h e  es tab l i shed  a f f i n i t y  in the d i s t r i b u t i o n  of natural 
components o f  t n e  eigenvectors of pressur.2 anti temperature anomaly f i e l d s  for 
t h e  month preceding t h e  appearance o f  t h e  i c e  and the f i e l d s  of i c e  appearanc? 
dates can a l so  p r e d i c t  the course o f  t h e  process of r i v e r  thawing in time, ~ g i i h  

a certain degree o f  p r o b a b i l i t y .  

During t h e  development or' 3ethods or' long-term forecasts of thl i c e  
appearance times on r i ve r s  of t h e  n a r t h e r n  ETS ( t h e  Severnsya Dvina and the 
Pechora) , o f  S i b e r i a  ( t h e  O W  , t h e  Irt:;sh, t he  Yenisey, the  Angara and the 
~ e n a ) ,  aqd o f  t h e  Far East ( t h e  knurl, it gas es tab l i shed  t h a t  ob ta in ing  Lhe 
foracast ind ica to r s  for October, L e o ,  fcr the month in which, as a r u l e ,  i c e  
forrnat i~n begins on the iiste3, rivers, ic is best to use the characterist ic of 
atmospheric c i rcu la t ion  for J u l y  and August, 



Table 2 

Value o f  Cornelation Coeff ic ients  Between t h e  Expansion CoePf i c i e n t s  Relevant 
t;3 t h e  Naturaal Components of the  Air Temperakure Unomaly in October (BI - BX0) 

and t h o  Dates of Ice Appearance ( i n  d e v i a t i o n s  from 1 / X )  (B1 
-- %a 1 

(Note : comrnas should be read as decimals. ) 



Coefficients o f  expansiun o f  the pressure and temperature anomaly fields were 
used as this characteristic, according to t h e  n a t u r a l  component in a certain 
region of the  N o r t h e ~ n  Heuiisphere. T h i s  is s ign i f i can t  for the given r iver  
basin. The coefficients o f  expansion of the meteorolcgical element f ie lds  f o r  
September for certain r ivers ,  as, for example, the b u r ,  is i r ~ t i r a a t e l y  related 
with t h e  tines of appearance of the  ice, which makes it poss ib l e  to use i t  to 
refine t h e  long-term forecast. 

The intimate r e l a t i a n s h i p  of the atmospl le~ic  processes of July, as rqell 

as those of August and September, wi th  the appearance o f  the  i c e  on rivers, 
which occurs in October, is not  racdom, but  i s  confirmed by t h e  investigations 
conducted by a number of  authors  who i d e n t i f i e d  an association between the  
temperatures o f  t h e  air in July (August and September) a ~ l d  Oct:o&!r ( 7 ) .  

The long-term forecast o f  the times of ice appearance on the Severnaya 
Dvina, Peehora, Ob', Trtysh, Yenisay, Angara, Lenaand  Amur rivers in~rolved 
taking t h e  parameters of ex3ansion as t h e  basic arguments acccrrding to the  
n a t u r a l  components o f  the  pressure  and temperature ~momsLy fields for J u l y  - 
September in d i f f e r e n t  secGors o f  the Northern Henisphere. The characteris t i e  
sectors were chosen as t h e  result of a careful analysis o f  atniospheric processes 
in these mran"bhs af the  year, %hen the appearance o f  i c e  was olf)serwd a t  times 
which significantly deviated from the  average multiannual times. 

In order  to obtain the forecasting r e l a t i o n s h i p s  for the Amur, Ti~nisey 
and hgara rivers, it was necessary to use t h e  parameters of e!xpansion of the 
pressure and temperature anomaly fields of t h e  air over ea ~te1.n Siberia and 
the Pacific Ocean as arguments; f o r  the Pechora River,  the lo~~rer course o f  
t he  Obt and Lena rivers - those over Canada, whi le  for the micidle and upper  
courses of t h e  Lena R i v s r ,  those over ~ g e ~ t e r n  eastern Sibejria kzad "c be 
used. FOP the Severnaya Dvina, %he ObT (excluding t h e  lower course) and the 
Irtysh rivelBs, it is necessary t o  have the parameters o f  exparksion of the 
pressure  and temperature anenalies over t h e  Atbantic Ocean, Etkrope, md 
western Siber ia*  

As an exanrpbe, we c i t e  bhe equa t ion  which can be used to e~mpile the 
fo~eeas t  of i c e  appearance dates aceording do t h e  JuZy data far  the Severnaya 
I'vina River near %he city of Kotlas : 

where QD i s  t h e  dev ia t ion  af ice appearance times from the naxqmal date near 
the city o f  Kotlas; 91 - Bq are t h e  expansion c o e f f i c i e n t s  of temperature 
anomaly f ie lds  in July over ETS and tresteuSn Siber ia ;  Sg - BG ;,re t h e  f i e l d  
expansion coeff ic ients  o f  the pressure  anomaly in the same l oca t ion .  

The number o f  f i e l d  expansion coefficients over each region was selected 
or? t h e  b a s i s  of estimating the c ~ n t r i b u c i o n  o f  the i n d i v i d u a l  components to 
total d i s p e r s i o n .  As has  been shah3 in m m y  ~LUdles~ the prirnary c a n t r i b u t i o n  
f z l l s  to t h e  first t e n  members of t he  expansion,  %ini,.ich reflect; tile most sFg- 
n i f i c a n t  f i e l d  characteristics; o f  these, no more than 7 u s u a l l y  enter  the 
forecasting equations. This i s  because when t h e  number o f  variables increases, 
the requirements made upon t h e  volume o f  i n i t i a l  data rapidly grow and the  







styetch where i c e  formation begins; h and v - respec t ive ly ,  t h e  average depth  and 
average f l o w  rate on the heat exchange stretch (i.e., on a l ength  lo); k and d - 
parameters which characterize heat exchange w i t h  the atmosphere; :Lo - wake*.- temp- 
erature at t h e  beginning o f  the stretch; O - temperature  o f  the air averaged over 
the s t re tch ;  g - i n f l u x  af beak fram t h e  ground ad subternlaem water over the 
st re tch,  

Sinee most o f  the i n i t i a l  values are taken as averqes over a s t re tch whose 
l ength  10 is t he  sought value,  then the  calculation is made by t \ e  method o f  
successive approximation (3 ) .  

2.  Improvements have been made in t h e  method of forecasting t he  dates o f  
ice cover (the dates of formation of ice necks on r ivers) .  The : re la t ionships  
bethleen the cr i t i ca l  temperature o f  i c e  cover formation @,, , on %he one hand, 
and thc to t a l s  of negative air temperatures at the point o f  formation of t h e  neck 
fCaM)M) and on the path of movement o f  t he  ice (ZN)M) ,  as well as ti3e hydraul ic-  
morphometrie parametel-s, on t h e  o ther  hand, have been determined by t h e  dimension- 
alitiesv method. h%en obtaining t h e  ca lcula t ion  equat ions ,  the laaterials of 
aviat ion surveys  and special observations carried o u t  by the Gidroenergo- 
proyekt were used. The result was ob ta in ing  the following twa equations : 

A check showed tha t  the accuracy of the ca lcula t ion  made according to t h e  
equatia2s (3)  and ( 4 )  is s igni f iemt ly  h igher  than chat y i e l d e d  by the previous  
Shulyakovskiy equat ions  (10). The comparison also showed t h a t  t h e  equa t ion  (41, 
despite the fac t  t h a t  it is o n l y  s l i g h t l y  s impler ,  has  poorer accuracy than 
equat ion ( 3 ) .  Equations (3) and (4) are i d e n t i c a l l y  a p p l i c a b l e  ;for calculat ing 
t h e  beginning o f  the  ice cover formation on r ivers wi th  n a t u r a l  and regulated 
water regimes 

3 ,  CreaC changes have occurred in the f i e l d  o f  shor t - te rn  fc1recas"sk sf khe 
Spr ing  ice phenomena. A nodel o f  t he  debacle process has been dt3veloped which 
takes i n t o  account t h e  pr imary  p r o p e r t y  or" t h e  meltigg ice - the  reduction in 
i t s  s t r eng th .  

Tile ice cover on tk reservoir is %rimewed as aq i n f i n i t e  OF :semi-infinite 
place l y i n g  on an e las t i e  base and s u b j e c t  to a vertical \.rind load (1). The 
condi t ion o f  i t s  destruction i s  the following 

here $ i s  the re la t ive  d e s t r u c t i v e  stress of bending, equal to oJc0; a- - des- 
tructive stress o f  the melting i ce ;  a0 - destructive stress f o r  i c e  n c t  exposed 
to t h e  e f f e c t  o f  s u n l i g h t  and having zero temperature; h - t h i cknes s  o f  the  





model of t he  process o f  des t ruc t ion  of  the melting ice which is t h e  basis o f  the 
methods of calcalating and forecasting the  dates of debacle of rivers and reservoirs 

Id has been e s t ab l i shed  that the s t r e n g t h  of the melting ice decreases under 
the e f f e c t  of solar r a d i a t i o n ,  namely: 

3 where S i s  the amount of heat of solar radiation absorbed by the ice (calicm ; 
SO i s  the mount  of heat o f  solar  r ad ia t ion  at which t h e  ice totall;{ loses 
strength. On the average fo r  rivers and reservcirs, Sg = 117 cal/cm-3, but i t  
can f luc tuate  w i t h i n  broad l i m i t s  (1) d e p e n d i ~ y  upon the structure of the ice .  

The amount o f  heat S over the  course o f  the melt ing per iod oontinuously 
accuraulates and depends upon t h e  amount of solar r ad ia t ion  that str ikes the 
i c e ,  the t h i c k n e s s  of the ice in which the absorpt ion of solar r ad ia t ion  occurs, 
as w e l l  as t h e  thermal balance in the upper surface of the ice cover. When 
there is a negat ive therlnal balance, $he heat S accumulated by the  i c e  in the  
f o r m  of melt water in t h e  ice layer p a l - t i a l l y  and occasionally f u l l y  is expended 
e t h e  melt water again freezes f . 

The value of $ is calculated in parallel with the calculation of ice thick- 
ness.  A precise determination o f  + and FA for  the given days requires a layer- 
by-layer c a l c u l a t i o n  taking i n t o  account the d i s t r i b u t i o n  o f  absorbed solar 
r ad ia t ion  through t h e  t h i cknes s  of t h e  ice. Tiis method is laborious wi thout  
using a computer, but  is preferable if one has a computer,  p a r t i c u l a r l y  when 
es tab l i sh ing  the forecasting r e l a t i onsh ips .  

A less  l abo r ious  method t h a t  does not requim a computer but Fs a l so  less 
accurate can a l so  be S U C C ~ S S ~ L ~ ~ ~ ~  used, p a r t i c u l a r l y  for corrupiling tbe operat ing 
farecasts ( 2 ) .  

The method of ca lcu la t ing  t h e  s t r e n g t h  o f  the melting ice cover made it 
p o s s i b l e  to issue a new type  o f  forecast, namely a forecast o f  t he  thickness 
and s t r e n g t h  o f  the  i c e  cover on reservoirs.  This forecast is u:;ed to detex-- 
mine the o p t i m m  time o f  beginning the  operation or" lake icebreakers. 

5 .  The trahsiticn from t h e  empirical methods o f  fo recas t ing  t o  t h e  physico- 
s t a t i s t i c a l  ones required r e f i n i n g  the phys i ca l  and mechmical proper t ies  of the 
i c e  and snorri as well as the developnent o f  a method o f  determining a nunber of 
new iee ~ha rac t~e r i s t i c s .  For e x a ~ p l e ,  t he  albedo of melting i c e  was ref ined 
(4, 51, m d  a r 'e la t ionship  o f  the  ice albedo with meteorological c ~ n d l t i o n s  was 
es t ab l i shed .  The concept of the capacity o f  t h e  ice to absorb solar r ad ia t ion  
(1, 71, etc .  $gals expanded. 

Btermining the i n f l u x  of the heat of solar radiation t o  she ice cover 
required reliable information about  the albedo o f  t he  i c e  and i t s  absorbing 
capacity. It became clear t h a t  t h e  albedo o f  the i c e  i s  a variable value as 
the  r e s u l t  o f  analyzing aqd general izing available obser-iat ion materials. 81- 
bedo depends upon the condit ion 02% t h e  ice surface u l d  u3on meteorological 
condi t ions .  A r e l z t ionsh ip  of albedo with the  course a f  air temperature, t h e  



type  of precipitation m d  overcast was established for t h e  Lena River. T h i s  
maltes it possible qui te  accurately to calculate albedo for each day of melting 
(5).  A t  precisely t h e  same time, the average value  o f  t he  ice albedo i s  q u i t e  
canstant  over t h e  ent i re  melting period (0 .30 - 0.35). 

fiaabysis of the observation aakerials of  d i f f e r e n t  au thors  rebat ing to the 
absorption o f  solar rad ia t ion  by the i c e  showed that i c e  absorbs the Sun's rays 
selectively and the spectrun o f  r ad ia t ion  s t r i k i n g  t h e  ice surface i s  extremely 
heterogeneous m d  depends upon the atmospheric hu&di t y  , overcast and height  of 
the Sun. Therefore, t h e  absorption of solar radiation by the iee i s  not  sub- 
ordinate t o  t h e  Buger-Lunbert law, but is approximately d e s e ~ i b e d  by the following 
empirical formula 

where 10 i s  t h e  rad ia t ion  en te r ing  the ice; I is the r ad ia t ion  passirlg throwh 
ice having a thickness of  hi; c is the  absorption factor, which depends upon the 
structure 0% the i c e *  

me precise detepminatioa of the abssspt;on factor fo r  -j:!e cGyep of 
d i f f e r en t  water o b j e c t s  a d  establishing the  p r inc ip le s  of t h e  chzmge in z~jr 
absorpt ion fac tor  in di f fe ren t  physico-geographic regions is a problem for yea r s  

e d i a h  f f a a t ~ w e ,  

The caleulatiean o f  the thermal balance sn th..,e s u ~ f a c e  of the  water i n  Autlmn 
or on a surface o f  t h e  melting ice in Spring requires precise values o f  t h e  meteor- 
ological  elements over these surfaces. The temperature difference, atmospheric 
humidity and wind ve loc i ty  over the water and i c e  surfaces and  over d r y  land is 
sometimes so great zha t  it can t a t e l l y  d i s t o r t  t h e  resu l t s  o f  calculating ice 
melting if t h e  data or' a shore meteorological s t a t i o n  are used without raking 
the  reducing corrections in them. The difference in the value of' meteorological 
elcmen+,s is especially high in Spring,  af ter  t h e  s ~ o w  h ~ s  aelted away from the 
soil. At this time t h e  air temperature over' dry land can be 5 - 7 0  higher khan 
sves %he i c e  cover* 

The observat ions  s h o ~ e d  t h a t  t h e  difference in temperature and hurcidity of 
the  air over dry  l a d  and t h e  i c e  cover depends n o t  on ly  on t h e  abhsllute value  
of these elements: but also on t h e  degree o f  overczst and wind (5). As a r u l e ,  
t h e  larger tbe water ob jec t ,  the greater t h e  c h a p  in meteorologi.cal eleaents 
above it. Boqiever, these differences ca? be s ign i f i can t  even above a compara- 
t i v e l y  small river as a consequence of the d e ~ p  cut o f  the chulnel. or the Level 
o f  pro tec t ion  o f  the shore meteorological observatist l  s t a t i o n .  Hence , in order  
to o b t a i n  reliable data about  t h e  thermal balmce, one should  establish the 
t r a n s i t i o n  coeff ic ient  from t h e  shore meteorological s t a t i o n  to the examined 
ob jec t .  This is a problem for the Fr~qediate  fu tu re .  

6. The t r a n s i t i o n  to the phys ico-s tz t i s - l i ea l  a d  calculation meihods of 
forecast ing ice phenomena does not s i g n 2 0  abandoning the =ore simple forecast 
r e l a t i o n s h i p s ,  if they do not contradict  t h e  phys i ca l  concept about the process 
and provide  accurate resul ts .  For e x a p l e ,  it is knom t h a t  t he  calculat ion method 
o f  forecasting the Autumn i c e  phenomena does not  ru1.e-out t h e  use o f  phgsico- 



s t a t i s t i c a l  r e l a t ionsh ips  s t rue  Cured on t h e  basis o f  a multiannual series o f  
observations. Furthermore, t h e  simple r e l a t ionsh ips  occasionally provide  nore 
accurate r e s u l t s  thbq k t h  ecalculatian methods. For example, forecasting the 
dates o f  the i c e  cover according to the t o t a l  o f  nega t ive  average d a i l y  a i r  
tempe~atures m d  the cr i t i ca l  ternperaturn determined on the basis of water 
I sve l  can be more accurate than t h a t  done according to the ca lcu la t ion  method 
because i t  i s  d i f f i c u l t  to determine the  necessary hydraulic-morphological 
characte~istics f o r  t h e  calcuia%ion, 

The calculat ion of i c e  s t r e n g t h  (value 4 )  is q u i t e  l abo r ious  m d  requires 
inr"or;nation about  neteorological elements. At prec i se ly  the sa5e time, when 
one is compiling th? debacle forecast (according to t h e  prepared me%thod), par- 
t icuiar  accuracy in determining i c e  s t r eng th  is unnecessary. Therefore, t h e  
p o s s i b i l i t y  of determining the relative sd r eng th  o f  the ice cover 4 )  according 
to the  nmber  o f  days n from %he onset o f  loelking (frorn the  date o f  the snow's 
depart ing t h e  i c e )  and the i n i t i a l  ice th ickness  h~ was investigated, The 
fallowing ex2ression was obtained f o r  t h e  U s s u r i  River (8) : 

Equation (11) is a l s o  s u i t a b l e  for other  rixrers, spec i f ica l ly  f o r  regions 
where the  S p r i n g  is usua1l.r sunny (S iber ia ,  t h e  Fa- East). 
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CALCULATICNG THICKNESS OF TBE ICE COVER ON BS/b5',R% AMD RESEZVOHRS FOR 
ICE  PHDJOMENA FORECASTTMG PURPOSES 

Ig: V. V, Piotrovich,  V. Ya. Anineva 

( The Hy drometeorological Center af the USSR, Noscow ) 

The accuracy of  foreca3ting t h e  thickness  af the ice ccver on rivers and 
reseriroirs, ar well as t h e  time o f  debacle and t h e i r  clearance Troa i c e  depend 
to a significant degree on the correct estimate (diagnosis) of t h e  cusrent ice 
thickness. Today, the diagnosis  of ice  cover thickness is generally based on 
standard  observation.^ of the water-meteping s t a t i o n .  As i s  knojipn, in a number 
a f  cases these observations poor ly  characterize the th i2kness  o f  the  ies an the  
water objec t  in general. The materials obtain3d from ice measuring surveys 
carried out on rivkrs in t h e  European Ter r i to ry  of the  USSB show t h a t  the thick- 
ness  of  the  i c e  at the s t a t i ons  i n  the initial period of icing i s  usual ly  less 
than the average thickness  of the  ice  on r i v e r  stretches new the s ta t ions ,  whi le  
in Spr ing ,  on the  contrary, i t  i s  greater. Differences in indirridual years have 
reached 10 - 12 cm and mope, The causes of' t h i s  zre obvious,  In  %he WuCmn, t 3 e  
ice  Ta~rns near the shore (ashare) earlier;  at the end or' Winter- a ~ d  in t h e  period 
o f  the  Spring %ha%$ the ice cover i s  thinner  in the  shore zone klhm in t h e  middle  
of %he river due ks t h e  i n f l u x  o f  igapn gx-aund and melt waters from t h e  share. 

Tor the Oka River (10), t h e  corre la t ion  coef f i c ien t s  of the re la t ionsh ip  
s f  ice thickness at t h e  s t a t i ons  f1-o~ bhe aibdBe i n  the stretch of r i v e r  or an 
a stratch of r i ve r  near t h e  s t a t i on  f l u c t u a t e  from O.8& to 0.91. Deviations 
within limits of 52 cm had a guarantee faceor of 23 - 44% =d within li-~ts of 
4- -10 cm - 82 - 91%. The greatest deviation r%&ched 29 cm in t i l e  presence or^ 
poiyn ias  (stretches of clear water  in ice) and the Autun? i ce  s c c & a u l 2 t i ~ n s .  

Measurements aade ;osa a characteristic s t ~ e t c k  sf watzr wid s h a l f s ~ s  of t h e  
Ok. River near  Novinka stction confirmed the as tab l i shed  op in ina  r e g w d i r , ~  the 
thimer i c e  in stiailorqs. Th is  is explained not  only  by elevI2ted inr lux  of 
heat dta the ir:e S r ~ m  waker in t h e  shallows, b u t  also by t h e  later es%abl<sh- 
msnt of t h e  ice cDver and the excessive acca.su9ation of sncw in i nd iv idua l  years 
on the rough surface o f  the ice cover 

The h e i g h t  or' the snow on the i c ~  aeaswsed at s ta t ions  on the Oka 3 i i - e r  
w a s  most of ten  lawer' fhan its average height  cn the hydronetric stretch of 

9 t ; ~ d t e r  (correlation c ~ e f f i c i e n t s  of about C. 30). Ti2is i v ~ 3 i  a 2 4 i ~ z r  cna n e e e s i t y  
of changes in k'ne se t -up  o f  observations roade oI" snow at the stat i~ss.  

P rne people who devised the method or" calculating the thhien5ss  o f  t h e  i c e  
uhich is presented below have as t h e i r  goal not only to enhance t he  accuracy 
of dizgnosing the curpent thickness oi" the i c e ,  b t t  also ~eterni~iag it f o r  a 
mul-liannual series ~f past winters. These data are necessary during the 
develcpment o f  a method o f  long-term farecasting of the dates h-- which t h e  ic5 

* * 
Y 

achiei~es a ce.%sin th ickness ,  the dehc12e kises and t h e  sxiaes a"L wAich u&er 
objects  a m  cl-ear o f  icse, as :$ell as f'sr o$hel-. purposes. 



The basis o f  the method of ea l cu l a t i n~  the build-up in thickncc~ of the ice 
cover from the lower surf;rce is a var ia t ion  of  the known Stephvz forraula. The 
fopmula eharacterizas t h e  steady process o f  bliild-up in the absence of a ready 
ice naterial axkd an infXux o f  heat from the ~ a t e r  %o Lkie ice: 

where ti,s - temperature o f  the  surface sT  the ice  or snow on the ice; L - 
heat liberated dur ing  the crystallization o f  water (80  cal/g); AT - time; 
@ j - density of t h e  i c e  eover (assumed t o  be 0 0.91 glcm3) ; HO and h, - thick~ess 

2 

of the ice coverb and height  of snow on the ice (cm); X i  and .\s - respectively, 
heat conductivity of the iee cover. (assumed to be 0.0052 cal/(cm deg~;ree ~ s e c )  
sad snow on t h e  icel 

I n  order to det,ermine t h e  rnaximun pre-Spring ice thickness on rivers ( 2 )  
uld reservoirs  (4 ) ,  the en t i r e  period of ice build-up is divided i n to  cycles 
(AT)  of varying dura t ion .  T h e  bounZlarFes of the cycles are days with snowfalls, 
snow d r i f t s  arid thaws whinh alter the thermal equivalent o f  the snow-ice eover 
by several t e n s  o f  centimetars. When the ice i s  khin and has no s ~ o w  on it, 
the durat ion of the cycles should tie reduced to a day. \$hen one has p e r s i s t e n t  
anticyclone weakher and a s i g n i f i c a n t  layer ol' snow on t h e  ice,  one can assme 
that AT = 10 days or mare. 

A f t e r  s u b s t i t u t i n g  the  values. of heat conductivity, dens i ty ,  a i d  other 
cons tv l t s  o f  the i ce ,  f o r w d a  (11 acquires t he  following forn far calculating 
i c e  build-up 

whel-e Zt, - the sull of mean d a i l y  a i r  teaperat3mns for t h e  mnteorologieal sta- 
tion; N - transition coefficient ,"ram air temperature at the metaorologicril 
station to temperature c f  tkie s u r a c e  of t h e  i c e  and snow on the i c e ;  

h - aversge thermal equ iva l en t  o f  the snow and ice cover Z'or the 
,a 

0 cycle; H- - thickness of the ice eover at the  beginaing of the cycle. The 
d- 

thickness of i h e  ice at the erld of the  giver? cycle i s  in fact the i n i t i a l  
thickness for the nest cycle and i s  assun;& be H? c Ail-. 

I f 

A comparisc~ of the  ;:;eteorological data over %ha i c e  of' a n2mber or" r~ater  
objects  and ovPr dry  i m d  has shor2n that- the meteorological statpions on dry 
l a d  a% whieh ~gj-nd ~%re?oci%y 4s similar ta t h e i r  values over %he water abjec% 
%re more r e p r e s e n t a t i v e ;  i;he distance ta the mneteo~ologieal s t a b i o n  has less 
significance. There l"cre, f hs meteorological statians expcsed to t h ~  wind are 












































































































































